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Editorial on the Research Topic
 Advances in understanding the nature and features of misophonia




Welcome to the first Research Topic in any peer-reviewed journal dedicated to the topic of misophonia. What is misophonia? That is a—if not the—primary question driving this collection of work. Misophonia is a newly studied clinical presentation characterized by intolerance of certain aversive sounds and associated cues. These are typically repetitive oral (e.g., chewing, swallowing) or nasal (e.g., sniffling, heavy breathing) stimuli made by other people, but can include environmental sounds and those made by animals. When encountering these sounds, often called “triggers,” a range of bottom-up (i.e., automatic) and top-down (i.e., cognitively mediated) responses have been observed, including those across neural (e.g., enhanced connectivity between orofacial and auditory cortical regions; Kumar et al., 2021), autonomic (e.g., heightened heart rate and skin conductance in response to trigger sounds; Kumar et al., 2017), and perceptual (e.g., Samermit et al.) systems. According to Swedo et al., responses can elicit significant psychological distress and impairment in functioning and cannot be better accounted for by other disorders that feature reactivity to certain auditory cues (e.g., other decreased sound tolerance disorders diagnosed by audiologists such as tinnitus and hyperacusis, sensory processing and modulation disorders commonly diagnosed by occupational therapists, or psychiatric disorders diagnosed by mental health providers such as autism spectrum or anxiety disorders).

Jastreboff and Jastreboff (2001) coined the term misophonia, and the first small yet influential research studies were published 12 years later (Edelstein et al., 2013; Schröder et al., 2013). From 2013 until 2019, before the launch of the Misophonia Research Fund (https://misophoniaresearchfund.org), research studies were published at a slow rate and, though pioneering and influential, often suffered from significant methodological weaknesses that precluded clear inferences or conclusions. Since 2020, the pace and quality of scientific research has significantly increased. Today, researchers from around the world across scientific and clinical disciplines are actively working to discover insights about the nature and features of misophonia.

What follows are 23 articles, 18 of which are empirical studies that break ground in the measurement, biological underpinnings, and phenotypic characterization of misophonia. If one were to read the whole Research Topic, we might advise they begin with Swedo et al. Why? Swedo et al. outline the method and results from a structured expert consensus process that resulted in the first definition of misophonia offered outside of a single research group or clinician. This major advance for the field promises over time to become a seminal publication with lasting impact. A second article to read could be Brout, who thoughtfully offers a commentary about the methodology used in Swedo et al.. Brout highlights the need for ongoing attention to modifications and iterations in the definition of misophonia, suggesting this process be ongoing and include multi-disciplinary research and a more diverse expert panel.


Conceptual models

Next, it could be helpful to read the three conceptual papers, to gain a sense of history and perspective about misophonia. Jastreboff and Jastreboff, original pioneers in the field, summarize a neurophysiological model emphasizing the role of several basic human processes (e.g., learning, memory, and emotion) in the possible etiology and maintenance of misophonia. In addition, they describe a history of clinical observations using Tinnitus Retraining Therapy (TRT; Jastreboff and Jastreboff, 2014) as a treatment approach. No randomized controlled trials have been conducted examining this treatment for misophonia, but the authors describe having an extensive amount of uncontrolled clinical results. Indeed, for TRT to be considered an evidence-based treatment for misophonia, it will be essential that researchers evaluate the efficacy of this treatment in a controlled manner. In doing so, the proposed treatment mechanisms can be tested to evaluate the core tenets of the neurophysiological model.

Neacsiu et al. provide a detailed model with testable predictions that can be used to advance clarity about the underlying neural processes in misophonia. In addition, Neacsiu et al. outline a rationale for the use of neurostimulation as a novel intervention, appropriately proposing candidate targets be studied first and validated before interventions are implemented.

Mednicoff et al. review the literature at the intersection of misophonia and musicality. They hypothesize that heightened sensitivities to sounds in the context of music could represent a developmental vulnerability in the etiology of misophonia. This speculation highlights the possibility that a generalized sensitivity to sounds could be one factor in a causal pathway leading to the onset of misophonia in children. After reading these conceptual papers, the reader could then explore the remaining empirical articles in any order of interest.



Assessment of misophonia

Several papers focused on the assessment of misophonia. In Rinaldi et al., the Sussex Misophonia Scale for Adolescents is introduced as the first self-report measure of misophonia for adolescents with psychometric validation procedures to be published in a peer-reviewed journal. Two other papers conducted cross validation of an established measure of misophonia symptoms (i.e., the S-Five) in Mandarin (Vitoratou et al.) and German (Remmert et al.) samples. With these papers and others, the S-Five is now the most well-studied self-report measure of misophonia.

Williams et al. developed the first self-report measure of misophonia that intentionally aligns with the consensus definition (Swedo et al.). This measure, the Duke-Vanderbilt Misophonia Screening Questionnaire, is capable of briefly screening people to determine clinical caseness. Additional research now is needed to cross-validate the measure and determine its sensitivity and specificity to misophonia.

Assessment of misophonia may best be done using a multi-disciplinary strategy (e.g., mental health, occupational therapy, audiology). In the context of audiologic assessment, Aazh et al. conducted one of the first studies to investigate audiologic factors associated with misophonia. The authors concluded that, when assessing individuals with tinnitus and hyperacusis in audiologic clinical settings, it is important to screen for misophonia. This work will help audiologists gain clarity on the appropriate testing batteries and clinical care pathways to use for patients with misophonia.



Biological features of misophonia

Several papers in the Research Topic are dedicated to discoveries about biological features of misophonia. Smit et al. reported findings from the first study exploring the genetics of misophonia using a large database from the 23andMe commercial dataset. They reported that a genetic association with a single item assessing rage responses to people eating was associated with tinnitus and certain mental health problems (e.g., generalized anxiety disorder), inversely related to others (i.e., autism spectrum disorder), and unrelated with other disorders (e.g., obsessive-compulsive disorder, attention deficit disorder). No definitive conclusions can be made about the genetics of misophonia from this study; however, this foundational study aligns with the hypothesis that misophonia is related to disorders associated with heightened anxiety.

Two studies investigated neural underpinnings of misophonia. Grossini et al. examined neural systems, finding a central pathway (i.e., auditory-insula-limbic) may be elicited when triggered, initiating downstream sympathetic nervous system activation. These findings are congruent with those of Edelstein et al. (2013) and provide indirect support for Jastreboff and Jastreboff's neurophysiological model.

Hansen et al. provide the first evidence using neuroimaging that non-orofacial triggers may be processed atypically in the brain. These data expand the exciting findings from Kumar et al. (2021) about the possible motor basis of misophonia, while highlighting the important need to conceptualize and study misophonia as a phenomenon that may not be restricted to oral and facial triggers.

Efraim Kaufman et al. explored the underlying biology of misophonia by comparing those with and without misophonia on measures of physical pain and sensory processing. In line with recent results from other investigative teams (Andermane et al., 2022), results from this study indicate misophonia may be linked to a generally increased sensory responsiveness. Importantly, findings from Efraim Kaufman et al. have implications for the formulation of diagnostic criteria, suggesting that misophonia can be differentiated from sensory over-responsivity using behavioral responses to painful and non-painful stimuli.



Phenotypic features of misophonia

Several papers in the Research Topic aimed to better understand the phenotypic features of misophonia. It is unknown if misophonia is best conceptualized in a homogenously phenotypic manner or, alternatively, whether it is characterized by heterogeneous clinical features across people. Norris et al. examined this question using cluster-based modeling. Findings suggest that some people may have only misophonia whereas others will have these symptoms along with co-occurring diagnoses. This finding is consistent with the suggestion that multi-disciplinary treatments for misophonia may need to be used to account for the presence of co-occurring audiologic and mental health disorders (Brout et al., 2018).

Rosenthal et al. conducted the first comprehensive assessment of medical health history and DSM-5 psychiatric disorders using structured psychiatric diagnostic interviews. Consistent with a recent study with children (Guzick et al., 2023), Rosenthal et al. found that anxiety disorders were the most common current co-occurring mental health problems with misophonia. No clear medical health problems emerged as significantly associated with misophonia severity. These results highlight the importance of treating the co-occurring clinical presentation of misophonia and mental health problems such as anxiety disorders.

Three studies aimed to elucidate underlying processes related to emotional functioning and learning. Dibb and Golding conducted a longitudinal assessment in adults, finding that anger and disgust are more strongly associated with the experience of misophonia than anxiety. They also reported that quality of life in people with misophonia was lower than a general community sample and was similar to individuals with tinnitus. Avoidance of triggers, extent of the emotional reactions, and depression were associated with perceptions of lower quality of life over time in participants with misophonia.

Wang et al. explored which features of misophonia were associated with impairment in functioning. Perceived emotional threat was predictive of worse functional impairment, and this was explained, in part, by negative beliefs about emotions and depression symptoms. Results from Wang et al. provide support for the hypothesis that processes related to emotional functioning are germane to misophonia, and, accordingly, it may be important for treatment studies to identify candidate targets for change attributable to emotional processes (e.g., emotion regulation).

Several studies investigated the role of context, perception, and learning in misophonia. Savard et al. used a masking approach to systematically vary the identification of triggering sounds. The degree to which participants high in misophonia symptoms identified masked sounds as triggers influenced reactivity to these sounds. Similarly, Heller and Smith found that the pleasantness of trigger sounds may be altered when such sounds are associated with certain verbal causal properties or misheard as being in a more pleasant emotional category. Siepsiak et al. used a different approach, finding that responses to auditory triggers could be influenced when presented within a credible visual context for creating such sounds.

Samermit et al. created an open access database (https://osf.io/3ysfh/) with paired videos of sound triggers occurring in either visually congruent (i.e., seeing a person sniffing while hearing a sniffing sound) or plausible but incongruent visual contexts (e.g., seeing a broom pushing dirt while hearing the same sniffing sound). Like Siepsiak et al., the results of this study indicated that reactivity to triggering sounds may be lower when there is an alternative and believable causal source presented within the visual context. These studies all suggest that how one perceives cues and their context could change emotional reactivity to misophonic triggers. The treatment implications are clear: interventions targeting appraisals and cognitive processes may be helpful.

Finally, Ward et al. conducted the first study to begin exploring possible mechanisms of learning associated with misophonia. Using a translational approach, results pointed to the possibility that heightened sensitivity and discrimination learning, but not overgeneralization, may be basic learning processes underlying misophonia severity. This preliminary study paves the way for future scientific advances targeting specific learning processes that account for the onset and maintenance of symptoms in misophonia.



Summary

Taken together, the articles in this Research Topic reflect a leap forward in understanding the nature and features of misophonia. In this body of work, there are many “firsts” to point out. Examples include: The first expert consensus definition (Swedo et al.), genetics study (Smit et al.), measure for adolescents (Rinaldi et al.), assessment measures in Mandarin (Vitoratou et al.) and German (Remmert et al.), assessment measure aligned with the consensus definition (Williams et al.), comprehensive diagnostic assessment of DSM-5 diagnoses using structured interviews (Rosenthal et al.), and studies discovering that misophonic reactions may be a function of trigger identification (Savard et al.), pleasantness (Heller and Smith), and congruence between trigger source and observable visual contextual information (Samermit et al.; Siepsiak et al.).

The Research Topic comes at a time when misophonia is rapidly gaining attention scientifically. Over the last 2 years more scientific studies investigating misophonia have been published than in all previous years combined. It is hoped that the studies in this Research Topic will help galvanize the field, inspiring more rigorous research across a range of disciplines, methodologies, and perspectives. Ultimately, treatments are needed that have targeted mechanisms of change discovered scientifically, are carefully evaluated in treatment research, and can be readily disseminated to clinicians worldwide in an effort to reduce suffering and enhance the lives of people with misophonia and their loved ones.
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Misophonia is a disorder of decreased tolerance to specific sounds or their associated stimuli that has been characterized using different language and methodologies. The absence of a common understanding or foundational definition of misophonia hinders progress in research to understand the disorder and develop effective treatments for individuals suffering from misophonia. From June 2020 through January 2021, the authors conducted a study to determine whether a committee of experts with diverse expertise related to misophonia could develop a consensus definition of misophonia. An expert committee used a modified Delphi method to evaluate candidate definitional statements that were identified through a systematic review of the published literature. Over four rounds of iterative voting, revision, and exclusion, the committee made decisions to include, exclude, or revise these statements in the definition based on the currently available scientific and clinical evidence. A definitional statement was included in the final definition only after reaching consensus at 80% or more of the committee agreeing with its premise and phrasing. The results of this rigorous consensus-building process were compiled into a final definition of misophonia that is presented here. This definition will serve as an important step to bring cohesion to the growing field of researchers and clinicians who seek to better understand and support individuals experiencing misophonia.

Keywords: misophonia, medical definitions, sensory sensitivities, consensus building, misophonia triggers, sound sensitivity (auditory sensitivity), emotional dysregulation


INTRODUCTION

Misophonia was named and described in the early 2000’s (Jastreboff and Jastreboff, 2001, 2002) and has since gained scientific recognition and clinical identification across a wide variety of disciplines (e.g., audiology, neuroscience, occupational therapy, psychiatry, and psychology). To the layperson, misophonia could be narrowly understood as a strong dislike of certain sounds, such as chewing. However, despite a common appreciation that misophonia is present in individuals when specific sensory input, such as a particular sound, leads to strong emotional and physical responses, researchers and clinicians have characterized the disorder differently (e.g., Jastreboff and Jastreboff, 2002; Edelstein et al., 2013; Schröder et al., 2013; Wu et al., 2014; Brout et al., 2018). Scientific research investigating misophonia has been conducted for fewer than 20 years and the literature on misophonia has only recently surpassed 100 peer-reviewed papers. During this early phase of research, misophonia has been defined by different criteria with variable methods used to diagnose and assess symptom severity. As a result of this fundamental lack of consensus regarding how misophonia is defined and evaluated, comparisons between study cohorts are not possible, measurement tools have not been well psychometrically validated, and the field cannot rigorously assess the efficacy of different treatment approaches.


Need for Consensus Definition

The Misophonia Research Fund (MRF), an initiative of The REAM Foundation operated in partnership with the Milken Institute’s Center for Strategic Philanthropy, provides funding for medical research grants that seek to better understand misophonia, diagnose people who have the condition, and assess treatment strategies. A Scientific Advisory Board guides the MRF and identified the need to build a fundamental understanding of misophonia as an early strategic priority of the Fund. Beginning in June 2020, the Milken Institute’s Center for Strategic Philanthropy received grant funding from The REAM Foundation to conduct a study with the overall objective of identifying and publishing a consensus definition of misophonia for the scientific community. Any resulting definition from this consensus project is intended to be inclusive of current definitions of misophonia so that the consensus definition could capture the majority of individuals with misophonia. A standardized definition, adopted by clinicians and researchers, and understood by individuals with lived experience, is critical to create well-defined, streamlined cohorts for further study. It can serve as the foundation of future diagnostic criteria and validated diagnostic tools, and bring cohesion to the diverse and interdisciplinary misophonia research and clinical communities.



About the Delphi Method

We sought to use an established and structured consensus-building process to develop a foundational definition. The Delphi method works on the assumption that group judgments are more valid than individual ones. The approach is an effective iterative process with repeated rounds of evidence evaluation and voting to determine consensus among a group of experts with different knowledge and varying levels of expertise about a particular topic (Gustafson et al., 1973; Murphy et al., 1998). Initially developed by researchers at the RAND Corporation (Dalkey, 1969), the Delphi method has been used in a variety of fields since the 1960’s to reach consensus. Variants of the original technique have been reliably used in medical science, healthcare, and mental health research for the purpose of defining foundational concepts, designing domains or criteria, and determining consensus definitions (Jorm, 2015; San et al., 2015; Eubank et al., 2016; Stern et al., 2018; Venkatesan et al., 2019).

Here, we employed a four-step Delphi method (Figure 1) that included two rounds of independent voting and asynchronous commentary through online surveys followed by a third round of expert discussion and voting via a virtual meeting. A fourth and final round of voting via online survey was held to finalize the details of the definition prose. While the original Delphi method did not include an interactive discussion among experts (Dalkey, 1969), we used a modified Delphi approach that included a voting round that consisted of a meeting for expert interaction (Gustafson et al., 1973). This meeting provided a venue for experts to further clarify their positions on definitional statements, advocate for their particular viewpoint, and discuss revised language in real-time. In all rounds of voting, the focus of the vote was on a series of statements or phrases within the overall definition that were under consideration either for their scientific merit or for their specific phraseology. For voting on these definitional statements, a threshold of 80% agreement was considered as “consensus” among the experts. This threshold was chosen as an appropriate cut-off based on previous examples of the Delphi method (Jorm, 2015; Eubank et al., 2016; Stern et al., 2018) and literature that suggested at least 80% agreement is needed to achieve content validity in a group of 10 or more experts (Lynn, 1986).
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FIGURE 1. A modified Delphi process was employed to develop a misophonia consensus definition. In four rounds of voting, a Misophonia Consensus Committee (MCC), comprised of subject-matter experts, evaluated potential definitional statements about misophonia. Each round of voting differed in its intended purpose, what information the Committee relied on to make its determinations, and/or the format of voting.





MATERIALS AND METHODS


Define the Project Objective and Identify Consensus Method

We first defined the overall objective of the consensus project: to identify and publish a consensus definition of misophonia for the scientific community. This objective served as an anchor point for experts who participated in the project and grounded the consensus process to its original goal throughout the project. The consensus process incorporated a modified Delphi method (Gustafson et al., 1973) and took place between June 2020 and January 2021. Staff from the Center for Strategic Philanthropy served as the facilitators for the consensus process and are referred to hereafter as the “facilitating team” or “facilitator.” A member of the MRF Scientific Advisory Board was included on the expert committee who developed the consensus definition to participate in the Delphi method process and serve as a liaison to the MRF Board to communicate project progress.



Establish Expert Committee

The consensus definition process required interdisciplinary input and participation from clinicians and researchers with diverse expertise, varied professional experiences, and knowledge of misophonia. Although there is little firm guidance on the ideal size of a Delphi expert panel (Jorm, 2015), findings from larger panels (e.g., more than 10) tend to be more stable than those from smaller panels as individual responses within larger groups have less of an influence over the ultimate outcome. A 15-person Misophonia Consensus Committee (MCC) was assembled throughout August – September 2020 to serve as the expert panel. Fifteen Committee members represented an ideal balance between stable responses (i.e., three opinions could diverge from the majority to still reach the pre-set consensus threshold of at least 80%) and study feasibility.

Potential committee members were identified as experts with academic positions and research and/or clinical experience in misophonia or closely related fields. More specifically, Committee members were sought to have diverse experiences in fields related to misophonia (audiology, neuroscience, psychology, neuropsychology, and psychiatry); expertise in clinical practice, development of definitions, diagnostic criteria, or measurement tools; appointments within academic research and clinical centers related to audiology or misophonia (e.g., Center for Misophonia and Emotion Regulation at Duke University); and to represent a range of career stages, geographies, nationalities, and genders. While many MCC members were formerly or currently engaged with the MRF through participation in convenings, engagement in grant review, service on the MRF Scientific Advisory Board, or as funded investigators, a field representative committee was sought. Therefore, MCC members were also identified through recommendations from current MRF Board members or through independent research conducted by the facilitating team to identify individuals who had been or were previously engaged in studying, treating, and/or defining misophonia or a related condition.

As Committee members were recruited and onboarded, they were informed about: the overall objective of the project; the modified Delphi process and the anticipated timeline; guiding principles that Committee members were asked to commit to, including collaboration, objectivity, open-mindedness, and transparency; and authorship attribution and credit. Committee members were also required to agree to statements regarding conflicts of interest and confidentiality.

The MCC first convened via virtual meeting at the end of September 2020 to meet each other and gain additional familiarity with the facilitating team and the consensus process. The first round of voting launched in early October 2020. Round 2 ran from late November – early December 2020, and the Round 3 voting meeting was held in early January 2021. A fourth and final round of voting was used to finalize the definition by mid-January 2021. All 15 members participated in Rounds 1 and 2 of voting. In Round 3, 14 members participated in the first seven votes and 13 members participated in votes 8–19. Round 4 involved the participation of 14 members. “Consensus” was considered as 80% agreement of all Committee members present when a given vote was conducted.



Systematic Literature Review

Committees who use Delphi methods may adopt different approaches to conduct systematic literature reviews. For example, some applications of the method will first establish the expert panel and then task the same committee to source the literature that they and their peers will evaluate during the consensus process (Venkatesan et al., 2019). Here, we elected to streamline this process by having the facilitator identify references at the same time as the Misophonia Consensus Committee was assembling. All identified references were then presented to the Committee for their consideration in the first round of evaluation and voting. Importantly, MCC members could identify additional references to supplement those identified by the facilitator, if necessary.

Delphi methods may also include an initial step whereby select members of the Committee first evaluate the level of evidence in each reference and thus categorize the “quality” of each potential statement under consideration (Eubank et al., 2016); these levels could range from randomized controlled trials (considered to be the highest level of evidence) to expert opinions (lowest level). However, rather than engage a select few MCC members to make these determinations for their colleagues, all MCC members received the same information regarding the literature, including type of publication, study design, and participant selection. This approach allowed the Committee to objectively evaluate the level of evidence for themselves as they considered and voted on candidate definitional statements.

References were sourced from PubMed and Google Scholar, as well as on the three preprint services, PsyArXiv, bioRxiv, and medRxiv. References were identified as those published in English from 2001- September 2020 and that included “misophonia” in titles, keywords, and/or abstracts. References were also identified from citations in papers sourced by these criteria.



Identifying Definitional Statements

Within each reference, we identified the specific language that authors used to define, describe, or characterize misophonia. This language was often located in the abstract and introduction of the publication. In other cases, misophonia was described in the results or conclusion, as the purpose of the publication was to report the outcomes of research focused on characterizing misophonia symptoms or other features. The sentences and statements that described or defined misophonia were extracted verbatim from each reference.

From the systematic literature review, we assembled a Microsoft Excel database of all definitional statements that had been extracted from the original sources in as close to the original wording as possible. Next, we identified common themes within the definitions, which we identified as Primary Domains of Criteria, and categorized the statements according to these domains.



Developing Survey Questions and Fielding Surveys

The definitional statements identified during the literature review were further analyzed to derive concepts that could be written into survey questions. We continued working within the Excel database to classify these statements according to increasing levels of detail, including specific words or phrases and the frequency with which they appeared in the literature. From this database, we developed a detailed outline of definitional statements that served as the structure for the subsequent surveys and content of survey questions.

SurveyMonkey was used to manage Rounds 1, 2, and 4 of voting; Round 3 included discussion and polling via Zoom. Survey questions were written as short, declarative statements about a single concept that a Committee member could indicate their agreement or disagreement with. Although there are multiple ways to write Delphi process survey questions (Jorm, 2015), we aimed to minimize the number of choices presented to the MCC about each concept. This approach was selected over others (such as those that use a Likert scale) to ensure that statements could move through the consensus voting process more efficiently with fewer opportunities to “divide the vote.” In all surveys, the MCC had the opportunity to provide comments about the questions, propose alternative phrasing, or indicate concepts that may not have been included in the survey questions but should be considered. The response options varied depending on the round of voting (see below).

While it is not required for the Delphi process, some Delphi studies provide the expert panel with additional information to inform their decisions. Here, the Misophonia Consensus Committee received a comprehensive voting guide for each round of voting that included information specifically relevant to that round.



Developing Points of Consensus Using a Modified Delphi Process


Round 1

In Round 1, the MCC evaluated the definitional statements presented in the Round 1 Survey questions based on their expertise and the results of the literature review that were presented in a companion Round 1 Voting Guide. For each Round 1 question, the survey included three response options as well as an open-text comment box where the Committee could explain their thought processes, offer evidence or citations, or propose alternative wording even if they agreed with the premise of the statement.

In Round 1, the most common answer options included:


•Agree: Selected if the statement should be included in the consensus definition, based on the available scientific evidence;

•Disagree: Selected if the statement should not be included in the consensus definition, as written, based on the available scientific evidence; or

•Insufficient Information: Selected if there was insufficient evidence to determine whether or not the statement should be included in the consensus definition.



On some questions, the Committee was asked whether a specific feature or characteristic was considered to be essential to misophonia or whether it varied in its occurrence. For these types of questions, the answer options were “Always,” “Sometimes,” or “Insufficient Information” with the open-text box option available as well.

A Round 1 Voting Guide accompanied the Round 1 Survey and included detailed information about the references identified in the literature review, including the original wording of definitional statements extracted from each reference. Both the survey and the voting guide – including the references – were organized by Primary Domain of Criteria. Because survey questions were often synthesized from definitional language that appeared in multiple references, it was not feasible to identify unique references for each individual survey question. However, references were identified for each Primary Domain and sub-themes for the Committee to refer to as they evaluated statements related to a broad definitional concept (such as auditory stimuli that may trigger symptoms of misophonia).

The 15 MCC members had 3 weeks to complete the Round 1 Survey. After 3 weeks, the response frequencies for each question were analyzed and the feedback provided in the Round 1 Survey comments was evaluated. An 80% agreement threshold (12 of 15 MCC members) was considered as consensus to either include the statement in the final definition, or exclude the statement from further consideration. Statements that did not meet consensus in Round 1 were re-evaluated in Round 2.



Round 2

In Round 2, the Committee re-evaluated the definitional statements that did not reach consensus in Round 1. The Committee based their Round 2 evaluation on their expertise, the results of the literature review, and the aggregated results and anonymized comments from Round 1 that were provided in a Round 2 Voting Guide. For most Round 2 questions, a question from Round 1 was revised based on MCC comments and presented in the Round 2 Survey as a choice between the original language that reached partial agreement and the revision. A third option – “None of the above/Insufficient evidence to include in the definition” – was also presented, as well as an open-text comment box. In other cases, multiple questions from Round 1 were condensed into a single multiple-choice question in Round 2.

The Round 2 Survey included three different formats of questions and responses that depended on the information under evaluation:


•Example Question 1: Please select the one option that you most agree with:

∘Example responses:

⬝All original statements from Round 1.

⬝None of the above/Insufficient evidence to include in the definition.

•Example Question 2: Please select the one option that you most agree with:

∘Example responses:

⬝Original statement(s) from Round 1.

⬝Revised statement(s) that incorporated MCC feedback from Round 1.

⬝None of the above/Insufficient evidence to include in the definition.

•Example Question 3: Please select the option(s) that you most agree with. You may select more than one option if you agree with them; however, if you feel that none fit, please select “none of the above.”

∘Example responses:

⬝All original statements from Round 1.

⬝None of the above/Insufficient evidence to include in the definition.



A Round 2 Voting Guide accompanied the survey and included information that the MCC used to evaluate Round 2 questions, including:


•Context for a batch of Round 2 questions and response options – the same information was available in the Round 2 Survey.

•The Round 1 statement(s)/question(s) that contributed to a given Round 2 question.

•Aggregated results for the relevant Round 1 question(s).

•Anonymized comments from MCC members on the relevant Round 1 question(s).

•Relevant references from the literature review for the Round 2 question.



Voting guides were individually customized for each MCC member to indicate their votes and comments on the relevant Round 1 question(s).

The MCC again had 3 weeks to complete the survey. Response frequencies for each question were analyzed and the feedback provided in survey comments was reviewed. An 80% agreement threshold (12 of 15 MCC members) was considered as consensus to either include the statement in the definition or exclude the statement from further consideration. Select statements that did not meet consensus were re-evaluated in Round 3.



Round 3

By the conclusion of Rounds 1 and 2, the Committee had reached consensus on a sufficient number of statements and a draft of the definition was developed. At this point, statements that had met consensus to include in the definition were synthesized and written into prose for MCC review and feedback. Prior to the third round of voting, the MCC was provided with a Round 3 Voting Guide that included two drafts of the definition:


•Version 1 incorporated all statements that met consensus in Rounds 1 and 2;

•Version 2 included the same information as in Version 1 but with the addition and identification of statements that would be discussed and voted on in Round 3.



The statements identified for discussion and voting in Round 3 were selected because they were either close to reaching consensus in Round 2 (one or two votes shy) and/or MCC feedback indicated that they were integral or helpfully additive to the definition (e.g., examples of statements that met consensus to include in the definition).

The third round of voting was held in early January 2021 in a 2-h virtual meeting. Thirteen of the 15 MCC members voted on all statements with a 14th member present for the first seven votes. The statements were considered one at a time and presented via PowerPoint slide with the surrounding paragraphs in which they were found in Version 2 of the draft definition. This approach allowed the Committee to evaluate each statement in context.

Prior to any discussion, a proposed definitional statement was presented, and the MCC voted via poll questions: “Yes” in support of its inclusion as presented in Version 2 of the definition and on the slide; or “No” to indicate further discussion or exclusion. If greater than 80% consensus was reached on this first vote, the floor was briefly held open for discussion before the statement was considered as “accepted” and the Committee moved to the next statement. If the first vote yielded less than 80% consensus, then the statement was discussed, potentially revised in real-time, and a second vote was held.

There were multiple outcomes for statements in the Round 3 vote:


•Included in the final definition exactly as it was presented in Version 2 of the definition and discussed during the Round 3 meeting;

•Included after the language was revised based on Round 3 discussion;

•Included in principle with the MCC to revisit the phrasing, the statement’s location in the definition, or its integration with other parts of the definition in the next revision (Version 3) of the definition;

•Revised in Version 3 of the definition because the statement had MCC support but no consensus in Round 3 and the MCC agreed to revisit it;

•Excluded based on consensus reached by the MCC to exclude; or

•Excluded based on no consensus reached in Round 3 and a lack of MCC support to continue considering the statement.





Round 4

Although a 3-round Delphi process was initially planned, we elected to hold a fourth round of voting to finalize language on six statements that had MCC support but no final decision after the Round 3 meeting. The Round 4 Survey was managed through SurveyMonkey and accompanied by a Round 4 Voting Guide that reflected the discussion and vote outcomes from Round 3. This Round 4 Voting Guide also tracked how the statements that met consensus in Round 3 were incorporated into the revised draft definition (Version 3). In the 6-question Round 4 Survey, MCC members were presented with two answer choices that would determine the location of a concept in the definition (either Location A or B) or indicate their agreement/disagreement with specific phrasing. Feedback and/or proposed revisions were also encouraged via a comment box. The results from Round 4 were incorporated into the draft definition to arrive at the final version of the definition – Version 4.





RESULTS


Systematic Literature Review

Sixty-eight references were identified during the literature review as meeting the pre-established criteria (described in the Section “Materials and Methods”) and that included a description, definition, or characterization of misophonia (Table 1).


TABLE 1. Sixty-eight references that included definitional statements about misophonia were identified through a systematic literature review.
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From each reference, definitional statements about misophonia, as well as other key information, were extracted and shared with the Committee (Table 2). Committee members referred to this information to evaluate the strength of the scientific evidence that supported candidate definitional statements about misophonia.


TABLE 2. Key information extracted from a systematic review of the misophonia literature.
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Identifying Definitional Statements

The Excel database built from the definitional statements extracted from 68 references included 551 individual statements. Statements were first extracted from the original sources as close to the original wording as possible, such as: “Misophonia is a chronic condition in which specific sounds provide intense emotional experiences and autonomic arousal within an individual” (Cusack et al., 2018). Next, common themes were identified within the definitions, such as language that generally described misophonia, or more detailed descriptions of the emotional or physiological reactions that may be evoked by trigger stimuli. Twelve such themes, or “Primary Domains of Criteria,” were identified from the literature (Table 3).


TABLE 3. Twelve primary domains of criteria about misophonia were identified during the literature review.
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Statements were then categorized within the 12 Primary Domains. In some cases, the definitional sentence or statement, as originally written in the reference, was clearly aligned with only one Primary Domain. For example, the statement “[Misophonia] includes a broad spectrum of emotions including but not limited to fear,” (Jastreboff and Jastreboff, 2002) was assigned to Domain 4: Emotional Reactions. In other cases, the original definitional sentence from the reference covered multiple domains and was thus divided into multiple distinct statements and Primary Domains. For example, the definitional sentence “Those with misophonic symptoms often experience significant impairment across occupational/academic, familiar/home-based and social functioning in response to the disgust, anger, and distress caused by auditory cues,” (Webber and Storch, 2015) was categorized as:


•Domain 9: Functional Impairment – “Those with misophonic symptoms often experience significant impairment across occupational/academic, familiar/home-based and social functioning…”

•Domain 4: Emotional Reactions – “…in response to the disgust, anger, and distress caused by….”

•Domain 2: Triggering Stimuli – “…auditory cues.”





Developing Survey Questions

The 551 individual definitional statements were further analyzed to identify additional levels of detail. These sub-themes were used to assemble a detailed outline of all potential statements that were then used to develop survey questions. For example:


•Primary Domain: Trigger Stimuli

∘Secondary Theme: Auditory Triggers

⬝Tertiary Theme: Produced by the Human Body.

•Example: Chewing.



This classification method was used to further resolve the detail within definition statements as well as identify specific language to be incorporated into the survey questions. This approach ensured that the survey questions accurately reflected the content of the definitional statements that were extracted from the misophonia literature.

The first round of survey questions presented short, declarative statements about a single concept, such as: “Misophonia trigger stimuli are repetitive.” Subsequent rounds of voting included questions that qualified these concepts, using terms such as “may,” “usually,’ or “often,” and presented increasingly complex statements or sentences to the MCC as they refined the language and location of statements within the overall definition.



Developing Points of Consensus Using a Modified Delphi Process


Round 1

The Round 1 Survey included 199 questions that covered all 551 potential definitional statements identified in the systematic literature review. The survey covered 31 pages and was organized by the 12 Primary Domains or Criteria with secondary domains identified, when appropriate. Statements met consensus at 80% or more agreement (12/15 MCC members) to either include in the definition or exclude from further consideration. The results of Round 1 are illustrated in Figure 2.
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FIGURE 2. Methodology and results of a modified Delphi method to develop a consensus definition of misophonia. Through four rounds of evaluation and voting on potential definitional statements that were extracted from the published scientific literature, a committee of experts developed a consensus definition of misophonia.


Fifty-four statements met consensus in Round 1 to include in the definition by at least 80% of MCC members selecting the response option “Agree” or indicating that the statement was at least “Sometimes” seen in misophonia. These 54 statements covered 10 of the 12 Primary Domains of Criteria. While the Committee agreed to include these statements in the final definition, members provided minor feedback that was later incorporated as the first version of the definition was drafted.

Twelve statements were excluded from further consideration after Round 1 after having met one of three conditions:


•At least 80% of MCC members selected the response options “Disagree” or “Insufficient Information;”

•No MCC members agreed with the original statement (i.e., 0% “Agree”) with remaining responses split between the “Disagree” and “Insufficient Information” responses options. Comments from the Committee indicated that there was no support for the concept and that it was not worthwhile to reevaluate in Round 2.

•A minority of MCC members (three or fewer) agreed with the statement while a related or companion statement, such as one that presented the opposite concept or the same concept with different phrasing, reached consensus to include in the definition.



Statements that did not meet consensus in Round 1 were re-evaluated in Round 2; 133 statements met these criteria and MCC feedback on these statements was incorporated in revisions for the MCC to evaluate in a Round 2 Survey.



Round 2

The Round 2 Survey included 108 questions that were based on the 133 statements that did not meet consensus in Round 1. The survey covered 37 pages and was again organized by Primary Domain of Criteria with each survey page including context to frame the specific batch of questions under consideration. Statements again met consensus at 80% or more agreement (12/15 MCC members) to either include in the definition or exclude from further consideration. The results of Round 2 are illustrated in Figure 2.

Twenty-six statements met consensus in Round 2 to include in the definition and represented 9 of the 12 Primary Domains of Criteria. These 26 statements were combined with the 54 statements that met consensus in Round 1 for a total of 80 statements that met consensus to include in the definition after two rounds of voting. As in Round 1, MCC members provided feedback in Round 2 on statements that they thought should be included in the definition; this feedback was incorporated as the first version of the definition was drafted.

Twelve statements met consensus in Round 2 with 80% or more MCC agreement to exclude from the definition. Seventy statements did not reach consensus in Round 2 to either include or exclude from the definition. The MCC’s responses and feedback on these 70 statements was carefully evaluated and, to ensure the best use of the Committee’s effort in subsequent rounds of voting, 52 of these 70 statements were excluded from further consideration because they:


•Had support from less than two-thirds of the Committee after two rounds of voting and MCC-suggested revisions; and/or

•Were not considered to be integral to the final definition, based on MCC comments; and/or

•Were redundant to other statements that had met consensus to either include in or exclude from the definition.



Nineteen of the 70 statements that did not reach at least 80% consensus in Round 2 were specifically identified for Round 3 discussion and voting because they:


•Were two or fewer votes shy of reaching consensus in Round 2; and/or

•MCC feedback on these and other statements indicated that they were integral or helpfully additive to the definition (such as by serving as examples of statements that are included in the definition).



One of the Round 2 questions concerning emotional reactions included multiple response options that met consensus to include in the definition as well as one response that did not meet consensus but was considered to be worthy of discussion in Round 3. Therefore, this statement (Round 2, Question 39) counted as both one of the 26 statements to include in the definition after Round 2 as well as one of the 19 statements that would be discussed in Round 3.



Round 3 and Draft Versions 1 and 2 of the Misophonia Definition

By the conclusion of Rounds 1 and 2, 80 statements had reached consensus and a draft definition – Version 1 – was developed that incorporated these 80 statements and the feedback that the MCC provided on them in Rounds 1 and 2. A second definition draft – Version 2 – was simultaneously drafted that reflected all 80 consensus statements as well as the 19 statements that were pending discussion and voting in Round 3. The MCC was provided with both Versions 1 and 2 of the definition in their Round 3 Voting Guide to demonstrate that they had already reached consensus on a definition but that they may elect (or not) to supplement that definition with statements that they would consider in Round 3. The results of Round 3 are illustrated in Figure 2.

During the Round 3 meeting, held via Zoom, the MCC discussed and voted on 19 statements. These 19 statements were close to reaching consensus in Rounds 1 or 2 and/or the MCC’s comments indicated were important to the final definition. There were multiple outcomes for statements in the Round 3 vote:


•Six statements: included in the final definition exactly as they were presented in Version 2 of the definition/during the Round 3 meeting;

•Two statements: included after the language was revised based on Round 3 discussion;

•Four statements: included in principle with the MCC to revisit the phrasing, the statements’ location in the definition, or their integration with other parts of the definition the next revision (Version 3) of the definition;

•Two statements: revised in Version 3 of the definition with the MCC to revisit the revised language because the statements had MCC support but did not reach consensus in Round 3;

•One statement: excluded based on consensus reached by the MCC to exclude; and

•Four statements: excluded based on no consensus reached in Round 3 and a lack of MCC support to continue considering the statements.





Round 4 and Draft Version 3 of the Misophonia Definition

After Round 3, 8 additional statements were incorporated into the misophonia definition to develop the next draft – Version 3. Six statements were identified during the Round 3 discussion as warranting follow-up consideration from the MCC to determine final phrasing or location in the definition; these six statements were evaluated in a Round 4 Survey. Any revisions that arose from the Round 4 Survey would be incorporated into the next draft of the definition – Version 4.

Fourteen MCC members voted on these six statements in the Round 4 Survey. Because the MCC had reached 80% or more agreement in Round 3 to include four of these six statements in the definition, a simple majority (50% or more) in Round 4 determined the outcome of these statements. The other two statements assessed in Round 4 had not yet reached consensus in Round 3 and thus the 80% threshold still applied.

The MCC’s Round 4 voting results surpassed the required thresholds for all six statements (i.e., 50% for four statements and 80% for the remaining two). However, comments from multiple MCC members on one of the six statements indicated that the concept was still confusing and that this language not be necessary for the definition at this time. Therefore, although more than 50% of the MCC agreed with including this statement in the definition, the totality of feedback that the MCC shared in both the Round 3 discussion and on the Round 4 survey led to the conclusion that this specific statement should be eliminated from the definition.

After Round 4, 5 additional statements were integrated into the final draft of the definition – Version 4. This fourth and final version of the draft definition incorporates 93 individual definitional statements that have all met 80% or greater Committee consensus. The results of Round 4 are illustrated in Figure 2.




Consensus Definition of Misophonia


General Description

Misophonia is a disorder of decreased tolerance to specific sounds or stimuli associated with such sounds. These stimuli, known as “triggers,” are experienced as unpleasant or distressing and tend to evoke strong negative emotional, physiological, and behavioral responses that are not seen in most other people. Misophonic responses do not seem to be elicited by the loudness of auditory stimuli, but rather by the specific pattern or meaning to an individual. Trigger stimuli are often repetitive and primarily, but not exclusively, include stimuli generated by another individual, especially those produced by the human body. Once a trigger stimulus is detected, individuals with misophonia may have difficulty distracting themselves from the stimulus and may experience suffering, distress, and/or impairment in social, occupational, or academic functioning. The expression of misophonic symptoms varies, as does the severity, which ranges from mild to severe impairments. Some individuals with misophonia are aware that their reactions to misophonic trigger stimuli are disproportionate to the circumstances. Misophonia symptoms are typically first observed in childhood or early adolescence.



Reactions to Misophonic Triggers

In response to specific trigger stimuli, individuals with misophonia may experience a range of negative affective reactions. Anger, irritation, disgust, and anxiety are most common, though some individuals may experience rage. Misophonic triggers may evoke increased autonomic arousal such as increased muscular tension, increased heart rate, and sweating.

Trigger stimuli may also evoke strong behavioral reactions such as agitation or aggression directed toward the individual producing the stimulus. On rare occasions, aggression may be expressed as verbal or physical outbursts although these responses are seen more in children with misophonia than in adults. Individuals with misophonia often engage in behaviors to mitigate their reactions to triggers such as: avoiding or escaping from situations in which they encounter trigger stimuli; seeking to discontinue the triggering stimuli; mimicking or reproducing the triggers.



Influences on Reactions

The strength of an individual’s reaction to a misophonic trigger stimulus may be influenced by multiple factors including but not limited to: the context in which the stimulus is encountered; the individual’s perceived degree of control over the stimulus source; and the interpersonal relationship between the individual with misophonia and the source of the trigger. Self-generated stimuli typically do not evoke the same aversive responses as stimuli produced by other people.



Functional Impairments

Individuals’ reactions to misophonia triggers may cause significant distress, interfere with day-to-day life, and may contribute to mental health problems. Individuals with misophonia may experience functional impairments that range from mild to severe including but not limited to impaired occupational and/or academic functioning, concentration difficulties, and an inability to perform important work tasks. Individuals may also experience impaired social functioning, strained social relationships, and social isolation resulting from their misophonia symptoms.



Relationship to Other Conditions/Disorders

Misophonia can be present in people with or without normal hearing thresholds, and can occur alone or with the auditory conditions of tinnitus and hyperacusis. Misophonia can also occur with neurological or psychiatric conditions or disorders including but not limited to: anxiety disorders, mood disorders, personality disorders, obsessive compulsive related disorders, post-traumatic stress disorder, autism spectrum disorder, and attention deficit hyperactivity disorder. For any given individual, the symptoms of misophonia should not be better explained by any co-occurring disorders.



Misophonic Triggers

Although each person may have their own pattern of triggers, some stimuli serve as common misophonic triggers. Auditory triggers are most common, although individuals with misophonia may also identify distress in response to visual triggers.

Sounds associated with oral functions are among the most often reported misophonic trigger stimuli, such as chewing, eating, smacking lips, slurping, coughing, throat clearing, and swallowing. Nasal sounds, such as breathing and sniffing, often serve as triggers as well. Auditory triggers may also include non-oral/nasal sounds produced by people such as pen clicking, keyboard typing, finger or foot tapping and shuffling footsteps, as well as sounds produced by objects, such as a clock ticking, or sounds generated by animals. Visual triggers have been reported to include stimuli such as cracking knuckles and jiggling or swinging legs, as well as visual stimuli associated with an auditory trigger, such as watching someone eat.





DISCUSSION

Misophonia was first named and described in 2001 (Jastreboff and Jastreboff, 2001, 2002) but has since been characterized and defined differently by researchers and clinicians from different fields and with varying areas of expertise. The lack of a common, foundational definition has made it difficult to compare study cohorts, evaluate treatment approaches, and validate tools to diagnose and assess the severity of misophonia. It is therefore essential that a common definition of misophonia be identified for individuals experiencing misophonia, the clinicians who support them, and researchers who seek to better understand this condition and evaluate treatments.

Here we present a consensus definition of misophonia developed through a modified Delphi process by a 15-person committee of researchers and clinicians with diverse expertise and experiences related to misophonia. The definition reflects the outcome of four rounds of evaluation and voting by the Committee on definitional statements published in the misophonia scientific literature. The final, consensus definition incorporates 93 statements that each met consensus at 80% or more Committee agreement to include in the definition based on the currently available scientific and clinical evidence. This consensus definition drafted by the Misophonia Consensus Committee is intended to serve as a working definition for the field that can and should be validated, reevaluated, and revised as the research and clinical community’s understanding of misophonia evolves.


Reflections on the Final Definition – Areas for Further Inquiry

The consensus definition incorporates 93 statements. However, these represent a minority of all potential definitional statements that were extracted from the original literature review. The Misophonia Consensus Committee excluded concepts from the final definition because they agreed that the available scientific evidence was either inconclusive or explicitly did not support a concept or specific phraseology.



Broad Description of Misophonia and Triggers

Misophonia has been broadly described in the literature as a condition (e.g., Edelstein et al., 2013; Johnson et al., 2013; Jager et al., 2020), syndrome (e.g., Cavanna and Seri, 2015; Taylor, 2017; Brout et al., 2018), or disorder (e.g., Schröder et al., 2013; Baguley et al., 2016; Kumar et al., 2017; Erfanian et al., 2019), and the Committee did not reach consensus until Round 4 to describe misophonia as a “disorder.” “Disorder” was ultimately determined to be a more accurate and useful descriptor than “condition” or “syndrome” for the purposes of the definition. The MCC agreed that “disorder” correctly implicates the negative experience of individuals experiencing misophonia, can be useful in driving scientific inquiry to develop treatment models, and reinforces the professional and societal context around properly diagnosing, treating, and reimbursing care for misophonia. The Committee concluded that the scientific evidence regarding whether or not to classify misophonia as a “medical” (Cavanna and Seri, 2015) or “psychiatric” disorder (Schröder et al., 2013) is currently insufficient but that underlying organic etiology of the disorder cannot be ruled out. The Committee agreed that the available evidence did not support defining misophonia as a “reflex condition” (Dozier et al., 2017). Although the name misophonia can be literally translated as “hatred of sound,” and is described this way in many publications, Committee members objected to including this translation in the definition as those with misophonia neither specifically feel hate nor do they necessary feel strong emotions only related to sound (i.e., some also have similar responses to visual triggers not associated with sounds, such as leg swinging). Finally, the Committee returned often to the issue of whether and how the definition should address the issue of trigger frequency. More specifically, the MCC considered whether a single occurrence of or limited exposure to a misophonic trigger was sufficient to initiate a misophonic reaction. After four rounds of voting and three definition drafts, the Committee was not able to resolve its concern that discussion of occurrence and frequency of trigger stimuli conflated issues of stimulus characteristics (e.g., that stimuli are often repetitive in nature) and the numbers of encounters that a person may have with a stimulus. Feedback from multiple MCC members indicated that, even after multiple revisions, this concept was still confusing and that this language may not be necessary for the definition at this time; this concept was therefore omitted from the final draft version of the definition.



Potential Mechanisms

The Committee agreed that the current literature did not yet support including language related to proposed biological, genetic, or behavioral mechanisms that may underlie misophonia. Whereas studies have postulated differential reactivity of different neural systems, such as those involved in emotional regulation, learning, and auditory processing (Jastreboff and Jastreboff, 2002, 2014; Schröder et al., 2017b), an understanding of the biological processes that underlie misophonia is currently under active investigation. The Committee concluded that postulated mechanisms do not belong in the definition at this time. Similarly, although a few case studies have identified multiple cases of misophonia within extended families (Cavanna, 2014; Sanchez and da Silva, 2018), the current available evidence does not support including language about a familial link to the disorder in the definition.



Prevalence, Onset, and Course

Multiple studies have estimated the prevalence of misophonia in different populations (Wu et al., 2014; Zhou et al., 2017; Quek et al., 2018; Rouw and Erfanian, 2018; Jager et al., 2020; Naylor et al., 2020; Siepsiak et al., 2020b) by using different diagnostic questionnaires and measurement tools (Jastreboff and Jastreboff, 2002; Bernstein et al., 2013; Johnson et al., 2013; Schröder et al., 2013; Wu et al., 2014; Rouw and Erfanian, 2018; Jager et al., 2020; Siepsiak et al., 2020a; Vitoratou et al., 2020). However, because these tools are based on different definitions for misophonia and most tools have not yet been psychometrically validated, the Committee agreed that it would be premature to include statements about the prevalence of misophonia in the consensus definition. Similarly, although the symptoms of misophonia are typically first observed/detected in childhood or early adolescence (Johnson et al., 2013; McGuire et al., 2015; Palumbo et al., 2018), the actual age of onset for the disorder is an area of active inquiry and the Committee determined that the consensus definition should not define the age of misophonia onset at this time. Finally, the Committee agreed that the available evidence does not yet support defining a “typical” course of misophonia over an individual’s lifetime – such as remaining stable or worsening – due to an absence of prospective and longitudinal studies.



Relationships to Other Conditions or Disorders

The Committee reached consensus to state that the symptoms of misophonia should not be better explained by auditory, psychological, and psychiatric disorders. However, Committee members agreed that the etiology of misophonia and its relationships with other conditions are not yet clear and should not be included in the definition at this time. For example, the role of auditory functioning in misophonia is an area of active research and Committee members agreed that the definition should not include language regarding how misophonia specifically relates to hearing disorders. Similarly, ongoing research seeks to understand how misophonia relates to psychiatric disorders, as well as how misophonia may be influenced by psychological characteristics or individual personality factors. The field has not yet settled on these issues and Committee members agreed that it was not their role to make these determinations for the purposes of defining misophonia Among the many considerations for differential diagnosis that were beyond the scope of this study and paper, it may be critical to first begin by differentiating misophonia from hyperacusis, as reactions to auditory stimuli can be similar if not identical between people with misophonia or hyperacusis. Studies that investigate the mechanisms and treatments for misophonia must make efforts to exclude subjects with hyperacusis to avoid further conflating these two disorders.



Limitations

Methods to reach consensus within groups of experts may be influenced by the opinions of dominant individuals, coercion, or pressure to adopt certain opinions or viewpoints (Jorm, 2015). The Delphi method seeks to minimize these effects by maintaining independence and anonymity throughout multiple rounds of informed assessment and voting (Gustafson et al., 1973; Murphy et al., 1998). The method described here to develop a consensus definition of misophonia also included strong guards against groupthink by ensuring that MCC members represented multidisciplinary scientific and clinical backgrounds and had diverse expertise and training.

The Delphi method can be criticized for its adherence to anonymity early in the voting process which results in Committee members not fully benefiting from the expertise of their peers (Dalkey, 1969). We sought to balance the need for independent thought with informed assessment by sharing the anonymized results and comments of Committee members with each other after Rounds 1 and 2 of voting, as well as providing a “face-to-face” meeting in Round 3 when members could openly discuss the definition and provide further clarity about points within the definition relevant to their area of primary expertise (Gustafson et al., 1973).

Another potential limitation of the Delphi consensus method relates to the composition of the expert committee. The Delphi method does not provide formal guidance about who should be considered to be an expert for the purposes of selecting a consensus committee. In our study, we identified criteria for MCC member selection (see Section “Materials and Methods”) during the initial planning stages of the project and then recruited members according to these criteria. More specifically, the MCC was comprised of individuals with professional clinical and research expertise that spanned audiology, auditory neuroscience, psychology, psychiatry, and cognitive neuroscience. The MCC also included representation from most international groups who have defined misophonia and/or developed assessment tools to identify the disorder and measure its severity. This definition represents the points of convergence across 15 experts’ perspectives and evaluation of the scientific evidence and reflects the expertise of the Committee responsible for its development. Although the MCC was mindful of developing a definition that could be understood by a non-technical audience and is relevant for individuals experiencing misophonia, a committee comprised of other individuals with different expertise and experiences may have reached a different final definition. Further to this point, the MCC also did not include non-professionals or individuals who themselves suffer from symptoms of misophonia. Individual perspectives of this or future definitions may differ but MCC intends that their points of definitional agreement can be informative for misophonia communities more broadly.

To some extent, there is an unavoidable circularity inherent in developing a definition for misophonia using definitional statements from published research studies that have described individuals with misophonia in particular ways. Importantly, MCC member expertise was not restricted to misophonia per se, as members represented different scientific and clinical backgrounds. MCC members’ diverse knowledge enabled them to hold their assessments of the empirical literature on misophonia to multidisciplinary standards and criteria, as well as relate misophonia to other conditions so that misophonia could be better differentiated from similar disorders.

The primary goal of the Committee was to determine whether or not a consensus definition for misophonia could be developed from the available scientific evidence. The published literature includes various descriptions of misophonia that are based on identifying individuals with misophonia by using different diagnostic questionnaires and measurement tools. While most of these measurement questionnaires and diagnostic checklists have yet to be psychometrically validated, developing diagnostic criteria for misophonia is beyond the scope of the effort undertaken by the Misophonia Consensus Committee.

Finally, the Committee’s assessment of candidate definitional statements is based on the current literature and thus serves as a starting point. As the field’s understanding of misophonia evolves through ongoing research efforts and future scientific inquiry, this body of literature will grow and the definition should be validated, reevaluated, and likely revised.




CONCLUSION

The purpose of this project was to determine whether the current body of published literature supported the development of a consensus definition of misophonia. Through the efforts of a Misophonia Consensus Committee using a modified Delphi process, a consensus definition of misophonia was developed from previously published definitional statements that each had at least 80% agreement from Committee members. This definition represents an important first step for researchers and clinicians to progressively build-upon and revise as the body of knowledge in the published scientific literature grows over time. We hope that this consensus definition can bring necessary clarity for individuals experiencing misophonia, the growing community of clinicians who support them, and researchers who seek to better understand this disorder.
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Misophonia is a condition characterized by hypersensitivity and strong emotional reactivity to specific auditory stimuli. Misophonia clinical presentations are relatively complex and reflect individualized experiences across clinical populations. Like some overlapping neurodevelopmental and neuropsychiatric disorders, misophonia is potentially syndromic where symptom patterns rather than any one symptom contribute to diagnosis. The current study conducted an exploratory k-means cluster analysis to evaluate symptom presentation in a non-clinical sample of young adult undergraduate students (N = 343). Individuals participated in a self-report spectrum characteristics survey indexing misophonia, tinnitus severity, sensory hypersensitivity, and social and psychiatric symptoms. Results supported a three-cluster solution that split participants on symptom presentation: cluster 1 presented with more severe misophonia symptoms but few overlapping formally diagnosed psychiatric co-occurring conditions; cluster 3 was characterized by a more nuanced clinical presentation of misophonia with broad-band sensory hypersensitivities, tinnitus, and increased incidence of social processing and psychiatric symptoms, and cluster 2 was relatively unaffected by misophonia or other sensitivities. Clustering results illustrate the spectrum characteristics of misophonia where symptom patterns range from more “pure” form misophonia to presentations that involve more broad-range sensory-related and psychiatric symptoms. Subgroups of individuals with misophonia may characterize differential neuropsychiatric risk patterns and stem from potentially different causative factors, highlighting the importance of exploring misophonia as a multidimensional condition of complex etiology.
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INTRODUCTION

Misophonia is a condition characterized by hypersensitivity and adverse reaction to individual-specific auditory stimuli triggering impulsive emotional reactions and autonomic arousal (Edelstein et al., 2013; Schroder et al., 2013; Cavanna, 2014). While misophonia is an auditory condition by definition, it has not yet been mapped to specific neural auditory generators. Recent work has demonstrated that misophonia triggers eliciting emotional reactions are accompanied by autonomic arousal with altered neural activity in the auditory cortex and the salience network (Schroder et al., 2019). Most individuals with misophonia have normal hearing sensitivity but exhibit increased limbic and autonomic nervous system activation suggesting that misophonia results from increased neural connections within auditory, limbic, and autonomic nervous system pathways [Wu et al., 2014; Jastreboff and Jastreboff, 2015; Brout et al., 2018; Palumbo et al., 2018; Cerliani and Rouw, 2020 (Preprint)]. More specifically, abnormal functional connectivity of anterior insular cortex (AIC) has been noted in individuals with misophonia where increased functional connectivity was specific to trigger sounds (Kumar et al., 2017). Additional increases in functional connectivity in misophonia have been noted between auditory, visual, and motor cortices, highlighting the complex nature of sensory relationships in this condition (Kumar et al., 2021). Further, individuals with misophonia exhibit reduced N1 peak averages compared to neurotypical controls suggesting underlying neurobiological differences contributing to auditory processing impairment (Schroder et al., 2014). Many of these neural findings are not unique to misophonia and show significant overlap with other disorders in which sensory processing may be impaired, such as autism spectrum disorder (ASD) and schizophrenia (Burns et al., 2017; Takarae and Sweeney, 2017; Cardon, 2018; Stefanelli et al., 2020; Koshiyama et al., 2021). Overlapping phenotypes may allow researchers to leverage the large literature arising from these disorders to better define neural targets for study, and ultimately, intervention in misophonia.

Current investigations on misophonia prevalence rates suggest that approximately 20% of the population report clinically relevant levels of misophonia symptoms (Schroder et al., 2013; Wu et al., 2014). Individuals identified as having misophonia present with anxiety, hypersensitivities to auditory stimuli, severe emotional fluctuations when exposed to specific auditory triggers accompanied by autonomic arousal, and in some cases compulsive behavior (Edelstein et al., 2013; Schroder et al., 2013; Wu et al., 2014; Rouw and Erfanian, 2018; Brout et al., 2018). Interestingly, mechanisms underlying misophonia may bear resemblance to synesthesia with emotional responsivity occurring concurrently with specific auditory sensory experiences. Initial misophonia cases were thought to constitute deviant presentations of other auditory conditions, anxiety disorders, and obsessive-compulsive disorders (OCD). However, results from a single-site study suggest symptom presentation follows a consistent pattern and exhibits a similar development path across patients lending support to the call for classification of misophonia as a discrete psychiatric disorder (Schroder et al., 2013; Jager et al., 2020).

Systematic investigation of misophonia is a relatively new field, primarily focused on characterizing misophonia, formally defining diagnostic criteria, and developing tools to identify misophonia. A pressing goal is creating the space via universal language specific to misophonia necessary to develop effective treatments and support for misophonia based on evaluations of misophonia features. Recent efforts provided a common understanding of misophonia and created a consensus definition of misophonia based on expert evaluation of existing published literature that defined misophonia as a disorder [Swedo et al., 2021 (Preprint)]. Most studies assessing misophonia utilized questionnaires to informally diagnose misophonia, with only three known studies performing full medical and psychiatric evaluation of participants (Schroder et al., 2013; Erfanian et al., 2019; Jager et al., 2020). More recent studies investigating misophonia and sound hypersensitivity have also used psychoacoustic methods, providing a quick and reliable means of assessing misophonia (Dozier and Morrison, 2017; Enzler et al., 2021; Hansen et al., 2021). However, limited studies have explored variability in the clinical presentation of misophonia (Cassiello-Robbins et al., 2021; Hansen et al., 2021). Like some of the overlapping neurodevelopmental and neuropsychiatric disorders, misophonia may actually reflect a syndrome, in which any given symptom may be present or absent, but the constellation of symptoms produces the diagnosis. Understanding clinical symptoms and features of misophonia is a key area of research that remains underexplored and is necessary to confirm its clinical nature (Brout et al., 2018). Clustering techniques following the research domain criteria approach (RDoC – a research framework designed to integrate various levels of information and approaches to assessing and understanding neuropsychiatric conditions with the goal of improving diagnostic and treatment/support service options) have been useful in characterizing subgroups of individuals in syndromic conditions who share common features and thus may have similar underlying biology (Clementz et al., 2016). Identification of subpopulations based on symptom clustering is a novel approach to identifying underlying pathophysiology in misophonia.


Symptom Presentation

Auditory hypersensitivity and behavioral responses with misophonia are typically evoked by specific patterns of auditory stimuli, referred to as triggers (Erfanian et al., 2019). Auditory triggers vary across individuals and consist of common sounds from organic sources including eating, breathing, certain speech sounds, and other non-organic or environmental sounds (Erfanian et al., 2019; Jager et al., 2020). Extreme sensitivity and emotional responses to auditory stimuli negatively impact quality of life making it difficult for individuals with misophonia to engage in situations or environments that expose them to auditory triggers. When exposed to common triggers, the severity level of misophonia symptoms is associated with decreased cognitive control (Daniels et al., 2020). Specifically, individuals with misophonia show increased difficulties with selective attention tasks when distracted by their trigger sounds, and evidence suggests the additional presence of tinnitus in some individuals may exacerbate this response (Silva and Sanchez, 2019; Frank et al., 2020).

Misophonia is a complex condition that commonly presents with co-occurring symptoms across allied health disciplines (Erfanian et al., 2019). Sensory hypersensitivity symptoms and co-occurrence of tinnitus and hyperacusis with misophonia are particularly of interest because the presence of conditions with auditory parameters implies the possibility that basic sensory processing is broadly affected in those with misophonia (Sztuka et al., 2010).



Sensory Processing Disorders

Investigations aiming to define diagnostic criteria for misophonia and evaluate symptom presentation have widely focused on behavioral and emotional components of misophonia with limited efforts to explore sensory processing aspects of misophonia (Jager et al., 2020). Recent work suggests potential associations between misophonia and anxiety disorders, as well as sensory processing disorder (SPD), ASD, and tinnitus (Schroder et al., 2013; Cassiello-Robbins et al., 2021). Auditory sensory processing abnormalities are both commonly present in misophonia including general sensory processing differences and sensory hypersensitivity (Wu et al., 2014). ASD is another condition associated with anxiety and central processing abnormalities. Autistic individuals commonly present with auditory hypersensitivities that are either specific or non-specific to auditory triggers. It is possible that individuals with misophonia experience subthreshold ASD-like sensory symptoms reflecting the broad autism phenotype (BAP) (Hurley et al., 2007).



Tinnitus

Tinnitus is a complex phenomenon stemming from a basic auditory sensory processing abnormality with variable pathogenesis. Recent efforts proposed a new definition where tinnitus is defined as an auditory sensation without an external sound stimulation that potentially impacts quality of life as a lived unpleasant experience. Two types of tinnitus exist: objective and subjective. Objective tinnitus is caused by an internally generated stimulus (i.e., stemming from physiological fluctuations typically in the auditory pathway) and subjective tinnitus is idiopathic (i.e., has no identifiable acoustic source) (Noreña et al., 2021). Others have proposed tinnitus as a discrete psychiatric condition (i.e., tinnitus disorder) when associated with emotional distress and separate from tinnitus experiences without suffering (De Ridder et al., 2021). It is estimated that misophonia occurs in approximately 10–60% of individuals that experience any form of tinnitus (Sztuka et al., 2010; Wu et al., 2014). Individuals that present with clinically relevant levels of misophonia symptoms exhibit general sensory over-responsivity indicating a likelihood that basic sensory processing abnormalities (e.g., tinnitus, hyperacusis, etc.) contribute to increased likelihood of misophonia (Sztuka et al., 2010; Jastreboff and Jastreboff, 2015). Whether tinnitus leads to misophonia, represents a symptom of misophonia, or remains a common co-occurring condition remains unclear; however, tinnitus pathology has been consistently linked with neuroplastic changes within the central auditory pathway between the cortex and the cochlea, areas which have been proposed to be affected in misophonia (Henry et al., 2014). Misophonia and tinnitus both may occur with emotional distress increasing diagnostic difficulties when patients present with both and highlights a need to understand the rate of co-occurrence and underlying physiological mechanisms of overlap (De Ridder et al., 2021). Indeed, misophonia, ASD, tinnitus, and hyperacusis may share some pathological mechanisms contributing to the sensory processing aspects of these conditions (Jastreboff and Jastreboff, 2015). Auditory sensation and perceptual conditions like tinnitus and hyperacusis are more prevalent among populations of individuals with sensory processing disorders (i.e., ASD). Rates of tinnitus in populations with ASD are similar to high rates of tinnitus seen in populations with misophonia (Danesh et al., 2015).



Current Study

The link between misophonia and other sensory processing disorders remains to be fully understood. Given the overlap in symptoms with a number of syndromic conditions, suggesting both basic sensory and neuropsychiatric (e.g., anxiety) involvement, and the response range to trigger sounds noted in individuals with misophonia, characterization of symptom clusters may be beneficial in understanding underlying pathophysiology and variability in misophonia. Current efforts aim to explore the possibility that sensory processing is broadly affected in misophonia, and that symptom clusters can be used to better define sub-populations in misophonia. Using clustering-based methods to categorize a population of college students, based on previous reports (Schroder et al., 2013; Wu et al., 2014) we expect to find approximately 20% reporting clinically relevant levels of misophonia symptoms, and that clusters most representative of individuals with high misophonia symptoms will also show increased prevalence of other co-occurring conditions such as tinnitus and sensory processing disorders, as well as increased prevalence of broad autism phenotype characteristics.




MATERIALS AND METHODS


Participants

Participants were undergraduate students (N = 343) at the University of Oklahoma (OU) in Norman, Oklahoma. Participants were predominately female [69.7%; consistent with other studies where participants opt into participation; (Wu et al., 2014; Dozier and Morrison, 2017)] and ranged from ages 18 to 36 (M = 18.96, SD = 1.7) (Table 1) with a primary vocation of student (N = 331; 96.5%). Of 343 participants, 263 were Caucasian/White (76.7%), 32 were Black/African American (9.3%), 46 were Latino/Hispanic (13.4%), 28 were Asian/Asian American (8.2%), 26 were American Indian/Alaska Native (7.6%), 2 were Hawaiian/Other Pacific Islander (0.6%), and 2 identified as other (0.6%). Self-report current diagnoses were also collected.


TABLE 1. Demographics.

[image: Table 1]
Participants were recruited using a secure online research participation system through the university’s undergraduate psychology research participation pool and all data were collected anonymously via Qualtrics™. Those who completed the survey received 1 h worth of class credit. All study procedures were approved by the OU Institutional Review Board (IRB). All participants electronically acknowledged their informed consent to participate prior to completing the survey. All responses remained anonymous and no personal identifiable information was collected from participants.



Measures

The final survey was designed to address an array of symptoms characteristic of or that may overlap with misophonia, referred to as the Spectrum Characteristic Survey (SCS). The SCS was comprised of a demographics section and six clinical measures designed to address various aspects of misophonia, related symptoms, and co-occurring conditions.


Misophonia Questionnaire

The Misophonia Questionnaire (MQ) is a validated, three-part, 20-item self-report measure designed to index misophonia symptoms (Wu et al., 2014). Part one assessed specific auditory triggers associated with misophonia, part two evaluates ensuing emotions and behaviors associated with misophonia-related triggers, and part three measures sound sensitivity severity. Participants were asked to rate their sensitivity to auditory triggers on a scale from 0 (“not at all true”) to 4 (“always true”). The MQ was utilized to assess the potential presence of misophonia, gauge trigger responses, and symptom severity. MQ severity was utilized to split participants into groups reflecting clinically or non-clinically relevant levels of misophonia symptoms based on threshold scores of 7 out of 10 (Wu et al., 2014). Participants were additionally asked if they had any triggers in other sensory domains, to assess presence of triggers in other sensory modalities. Wu et al. (2014) reported high internal consistencies for total scores (α = 0.89), and both subscales (emotions and behaviors: α = 0.89, symptom scale α = 0.86). Further, the MQ also demonstrated high convergent and discriminate validity indicating that the MQ significantly discriminated misophonia from other types of sensory defensiveness. Results were replicated in Zhou et al. (2017). Although not the only measure available for assessing misophonia symptoms, the MQ is one of the more commonly used and thus allows better generalization of results (Brout et al., 2018; Potgieter et al., 2019).



S-Five (2018)

The S-Five is a self-report psychometric tool for evaluating misophonia presence and related symptoms [Vitoratou, 2018 (Preprint)]. The initial version of the S-Five published in 2018 was utilized for the purposes of the current study. The S-Five is a 98-item measure that assessed two aspects of misophonia: (1) triggers and (2) statements regarding behavior associated with misophonic triggers. The S-Five was used to further evaluate the triggers and trigger responses (i.e., behaviors associated with sensory sensitivity to sound triggers). Participants were asked to rate their typical reaction to trigger items on a scale from 0 (“does not bother me”) to 5 (“so unbearable that I need to plan beforehand to avoid it”). The version used in the current study was the 2018 version of the S-Five and was used for broad investigation of misophonia, but was not the validated version available after completion of data collection for the current study (Vitoratou et al., 2021).



Tinnitus Handicap Inventory

Participants who responded affirmatively to the screening question, “Do you experience tinnitus (ringing in the ears)?” received the Tinnitus Handicap Inventory (THI). The THI is a self-report 25-item measure designed to identify, quantify, and evaluate tinnitus severity as well as tinnitus’ impact on participant quality of life. The THI is a valid and reliable measure of tinnitus-related difficulties in individuals that report experiencing tinnitus demonstrating both convergent and construct validity (Newman et al., 1996). THI has functional limitations and should be interpreted as an index of tinnitus impact on quality of life (Meikle et al., 2012).



Adolescent/Adult Sensory Profile

The Adolescent and Adult Sensory Profile (ASP) is a reliable and valid self-report 6-part measure of sensory processing patterns and effects on function performance. Scoring assessed only the auditory processing block and four sensory behavior quadrants: low registration, sensation seeking, sensory sensitivity, and sensation avoiding. The ASP specifically indexed individual responses to sensations, as opposed to an individual’s general response or cognitive appraisal of a stimulus. On validation, the ASP demonstrated good reliability, internal consistency, and construct validity (Brown et al., 2001).



Broad Autism Phenotype Questionnaire

The Broad Autism Phenotype Questionnaire (BAPQ) assesses a set of characteristics that encompass personality and language traits reflecting phenotypical expression of the genetic predisposition for ASD. The BAP term is typically applied to those who exhibit mild personality and cognitive traits observed in autistic individuals (Hurley et al., 2007; Landry and Chouinard, 2016). The use of the BAPQ addressed a potential relationship between BAP and misophonia within a general population of young adults. The BAPQ is reliable and demonstrated good internal consistency and construct validity (Hurley et al., 2007).



Schizotypal Personality Questionnaire – Brief Revised (Updated)

The Schizotypal Personality Questionnaire – Brief Revised (Updated) (SPQ-BRU) is a self-report evaluation of schizotypy and vulnerabilities to certain features of neurodevelopmental and schizophrenia spectrum disorders. The revised SPQ demonstrated reliability and both convergent and discriminant validity (Davidson et al., 2016). This measure was specifically chosen to evaluate broad neuropsychiatric risk as it relates to prevalence rates of broad autism phenotype characteristics and sensory processing disorders.




Data Analysis

All statistical analyses were conducted using IBM SPSS Statistics 27 (IBM Corp, 2020). Descriptive statistics were calculated for demographic variables, tinnitus presence and severity, sensory triggers, and misophonia presence. Independent samples t-tests were conducted to evaluate potential differences in variable scores between individuals with clinically relevant levels of misophonia and individuals without significant misophonia symptoms as an exploratory and descriptive endeavor. Evaluation of potential sex effects was conducted through multivariate analyses of variance (ANOVA) based on reports of phenotypical differences between males and females with neurodevelopmental disorders sharing symptom characteristics (Ethridge et al., 2017, 2019; May et al., 2019). Age was included as a covariate and retained when significant to control for age-related factors that potentially influence symptom experiences, presentation, and quality of life (Schroder et al., 2013; Palumbo et al., 2018; Jager et al., 2020).


Cluster Analyses

Scored variables from clinical measures (N = 16, see Table 2 for a full list of included measures) were standardized using z-scores for cluster analyses. Variables were selected for clustering based on hypothesized relationships to misophonia or psychiatric risk. Subscales were selected in lieu of total scores to avoid issues with interpreting outcomes associated with combining subscales measuring different symptoms thus preventing a less accurate assessment of sub-phenotypes (e.g., MQ: used the subscale for emotional behaviors and trigger responses over total score). Subgroup formation was determined with the use of Two-Step cluster analysis and silhouette plot evaluation as a data-driven approach to determining the initial input for k-means clustering. The Two-Step cluster analysis outcome was confirmed using silhouette plot evaluation, as the results of silhouette plotting are representations of clustering method outputs. A Two-Step cluster approach identifies sub-groups by running pre-clustering followed by hierarchical clustering methods and provides an estimation for the optimal cluster definition. The Two-Step cluster algorithm outcome suggested two subgroups splitting on the presence or absence of clinically significant levels of misophonia symptoms, however silhouette plots suggested the presence of a third subgroup. Due to this discrepancy, we conducted a two-cluster solution and a three-cluster solution via K-Means Cluster analyses to explore and address potential splits on variable types. K-means clustering provides cluster centroids based on minimizing the sum of squared simple Euclidian distance for the pre-defined cluster number. The k-means algorithm achieved stability after 26-iterations for the three-cluster solution and after 5-iterations for the two-cluster solution. Univariate ANOVAs were run to address group differences by cluster on variables entered into the k-means cluster analysis according to the three-cluster solution. Fisher’s Least Significant Difference (Fisher’s LSD) post-hoc test determined significance between clusters. Current diagnoses were also evaluated by cluster membership according to the three-cluster solution using chi-square analyses.


TABLE 2. Results of independent samples t-tests comparing misophonia groups on scored clinical variables.
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Mediation Model

To investigate the role of anxiety on the relationship between misophonia symptoms severity and emotional behaviors measured via the MQ a bootstrapped simple mediation analysis was performed using PROCESS (Hayes, 2018). Simple self-reported anxiety frequency and intensity were used as individual mediation variables. Anxiety was assessed by asking participants the frequency of which anxiety was experienced (5-point scale from never – all the time) and the intensity of anxiety experienced in a typical day (5-point scale from none – extreme distress). Further bootstrapped mediation analyses were conducted to evaluate anxiety intensity and frequency mediation by cluster. All mediation analysis were bootstrapped 5,000 times.





RESULTS

Of 343 participants, 54 (15.6%) reported clinically relevant levels of misophonia symptoms indicated by self-reported scores of 7 or greater on the MQ Misophonia Severity Scale. All scored clinical measure variables from the SCS were assessed by group (above and below threshold for clinically significant misophonia) for differences with resulting significance for variables indexing sensory sensitivity. Significant group differences were identified for 14 out of 16 scored clinical variables that addressed various symptoms of misophonia with the misophonia group exhibiting increased scores compared to the below threshold (non-misophonia) group (Table 2).

Additional intrapersonal variables that potentially interact with misophonia presence were explored via three-way MANCOVA on questionnaire variables. All questionnaire variables were assessed by sex and misophonia diagnosis (group) controlling for age. Only one variable exhibited significant sex differences for individual misophonia symptoms endorsed across the whole sample, suggesting misophonia affects males and females similarly. Only the aloof subscale scores of the BAPQ significantly differed by sex, F(1,129) = 4.23, p = 0.042, but the lack of interaction between misophonia and sex for the BAPQ aloof subscale suggests this sex difference is not linked to misophonia. The only significant interaction was found between group and sex for total THI score, F(1,129) = 10.94, p = 0.001. Females with clinical levels of misophonia symptoms reported greater tinnitus symptom severity (M = 27.82, SD = 14.05) compared to males with clinical levels of misophonia symptoms (M = 10.00, SD = 7.35) and females and males without misophonia based on MQ severity scores (females: M = 11.45, SD = 10.53; males: M = 18.38, SD = 20.22).


Trigger Endorsement

Mean, standard deviation, item ranges, and frequency of endorsement for S-Five Misophonia triggers are presented in Table 3 and for the MQ triggers in Table 4. S-Five trigger items were evaluated by misophonia grouping. Individuals that qualified for misophonia reported significantly decreased auditory stimulus tolerance for the specific auditory triggers listed in Table 3 compared to those that did not qualify for misophonia. The S-Five also included non-auditory triggers that were significantly different between those who qualified for misophonia and those that did not. Trigger items from the MQ were also evaluated by misophonia grouping. Individuals who qualified for misophonia reported significantly increased auditory trigger sensitivity to all trigger items on the MQ compared to participants who did not qualify for misophonia (Table 4).


TABLE 3. Trigger items endorsed across all participants on the trigger section of the S-Five.
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TABLE 4. Trigger items endorsed on the trigger subscale of the misophonia questionnaire (MQ).
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Tinnitus

A total of 50.4% (N = 173) of participants reported experiencing ringing in the ears or tinnitus via the screener question across the whole sample. It is likely this includes many false positives who only experience transient ear ringing, a normal phenomenon, versus actual tinnitus, therefore percentages should be interpreted broadly as sensitivity to aural phenomena, with above-threshold THI scores reflecting more likely cases of true tinnitus. Forty participants who qualified for misophonia reported experiencing tinnitus making the rate of tinnitus or ear ringing occurrence 74.1% among the participants who qualified for misophonia. Among individuals without misophonia, 46% reported ringing in the ears viathe screener, suggesting a marginal, χ2(1, 343) = 3.84, p = 0.05 increase in tinnitus, or at the least sensitivity to aural phenomena, in misophonia. The total incidence rate of co-occurrence of misophonia and tinnitus among all of those who reported tinnitus viascreener was 23.1%, which is significantly higher than the overall incidence rate of misophonia in this sample (15.6%), χ2(1, 516) = 4.35, p = 0.037. THI scores provide a more informative index of true tinnitus. Of the 40 participants with co-occurring tinnitus reports viascreener and misophonia, 37 completed the THI and reported experiencing significantly increased tinnitus severity (M = 24.00, SD = 16.55) compared to participants who reported without misophonia (M = 14.66, SD = 16.55), t(165) = −3.04, p = 0.003.



Cluster Results

Multivariate taxometric analyses (i.e., clustering) did not neatly identify subcategories that well-characterized the data according to the silhouette measure of cohesion and separation. Two-Step Cluster analysis determined two distinct subgroupings with fair cluster quality based on 16 z-scored variable inputs where the average silhouette measure of cohesion and separation was 0.3 (i.e., potentially more variation within clusters or clusters are more similar than preferred). However, silhouette plots showed clear separation for both the two- and three-cluster solution (average silhouette scores: two-cluster solution = 0.34, three-cluster solution = 0.23) (Figure 1). To further evaluate the appropriateness of the three cluster solution, a univariate analysis of variance (ANOVA) tested for group differences on standardized scored variables by cluster membership according to a three-cluster solution. Exploratory cluster efforts found a subset of variables (N = 13) neatly spanning three cluster categories including variables directly indexing misophonia, tinnitus severity, sensory hypersensitivity, and social symptoms. As the majority of variables supported a three-cluster solution viasignificant differences across all three clusters, and this solution represented potential knowledge gained on statistically-supported subgroupings, the three-cluster solution was retained. Table 5 shows the breakdown of significance by variables significantly different across all three clusters (trichotomous) and those significantly different between only two clusters (dichotomous). Significant trichotomous variables from the three-cluster k-means solution imply that certain traits of misophonia evaluated in the current study exist on a spectrum. The remaining variables (N = 3) significantly fell into two independent clusters signifying potential threshold behavior for variables specifically indexing sensory responsivity and sensory hyposensitivity.
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FIGURE 1. Silhouette plot for the three-cluster solution.



TABLE 5. Clustering behavior and ANOVA results for variables entered into the K-means cluster analysis based on the three-cluster solution.
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The three-cluster solution grouped 93 participants into cluster 1, 132 participants into cluster 2, and 118 participants into cluster 3. Cluster 3 was significantly different from clusters 1 and 2 on all variables directly indexing misophonia and tinnitus severity (Table 5). The three-cluster solution grouped 22 participants who qualified for misophonia into cluster 3 and 31 participants who qualified for misophonia into cluster 1. Only 1 participant who exhibited clinically significant levels of misophonia clustered into cluster 2, suggesting that individuals who qualify for a misophonia diagnosis potentially exhibited one of two presentations of misophonia symptoms or co-morbidities. When applying a three-cluster solution after evaluating cluster membership for the two-cluster solution, the third cluster was predominately comprised of individuals that were previously clustered into cluster 2 from the two-cluster solution. Only three participants from cluster 1 were newly clustered into cluster 3, suggesting that the two-cluster solution primarily separated groups based on the intensity of symptoms (i.e., high or low misophonia symptoms), and the three-cluster solution further subdivides the high misophonia symptom group.

Participants were asked to self-report whether they experienced tinnitus to address the presence of basic sensory processing abnormalities. Chi-squared analysis on self-reported tinnitus presence by cluster showed significantly increased frequencies of individuals with self-reported tinnitus relative to those without tinnitus in cluster 1, χ2 (2, N = 343) = 10.16, p = 0.006. Cluster 2 had more participants without tinnitus than with tinnitus and cluster 3 had approximately even numbers of participants with and without tinnitus. A chi-squared analysis was also conducted for THI total scores and showed an even distribution of responses across the three clusters. However, individuals in cluster 3 appeared to endorse increased tinnitus severity (i.e., higher THI total scores) more frequently than participants in clusters 1 and 2. Chi-squared results paired with significantly increased average THI scores in cluster 3 suggest increased basic sensory processing challenges may be characteristic of cluster 3 (Table 5). Cluster 3 was also associated with significantly higher sensory symptoms on the trichotomous ASP variables, further supporting a broad sensory component for this subgroup, however similarly increased BAPQ and SPQ scores in this cluster suggest that individuals in this subgroup are more broadly affected by subclinical psychiatric symptoms in general, whereas increased MQ scores in cluster 1 coupled with more intermediate psychiatric scores may indicate a more “pure” form of misophonia.



Other Sensory Triggers

Means and standard deviations are reported in Table 6 for self-reported triggers and the severity of trigger experience in other sensory modalities. No significant differences were reported by misophonia grouping for other sensory triggers, but severity of other sensory trigger experiences were significantly different for all sensory modalities between those that qualified for misophonia and those that did not (Table 6). Triggers in other sensory modalities were further evaluated by cluster membership using a independent samples Kruskal_Wallis test resulting in a significant main effect of cluster (Table 7). Primary differences in other sensory triggers and severity were found between cluster 1 and cluster 2 with cluster 1 exhibiting the greatest trigger endorsement and higher severity scores. Cluster 1 presenting with the greatest scores on all other sensory triggers and cluster 3 reflecting the more intermediate phenotype suggests that sensory difficulties in other modalities may be a more universal experience for those reporting clinically relevant levels of misophonia symptoms.


TABLE 6. Results of independent samples t-tests comparing misophonia groups on other sensory triggers.
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TABLE 7. Clustering behavior and kruskal-wallis test results for other sensory triggers based on the three-cluster solution.
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Anxiety Mediation Models

Result of the mediation analysis for anxiety intensity showed a direct effect of clinically relevant levels of misophonia determined from MQ severity scores on emotional behaviors indexed by the MQ. F(1,330) = 106.52, p < 0.001. Anxiety intensity measured viaself-report significantly mediated the effect of misophonia symptom severity on emotional behaviors to account for 7.41% of the total effect of MQ symptom severity on MQ emotional behaviors, F(1,331) = 33.88, p < 0.001 (Figure 2). Anxiety frequency measured viaself-report also significantly mediated the relationship between misophonia symptoms severity on emotional behaviors to account for 4.22% of the total effect of MQ symptom severity on MQ emotional behaviors, F(1,331) = 20.52, p < 0.001 (Figure 3). The total unstandardized indirect effect of X (MQ symptom severity) on Y (MQ emotional behaviors) for the model with anxiety frequency was 0.07 and the total (direct) effect of X on Y for the model with anxiety intensity 0.13.
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FIGURE 2. Overall mediation model for anxiety intensity. Standardized path coefficients. ***p < 0.001, all two tailed.
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FIGURE 3. Overall mediation model for anxiety frequency. Standardized path coefficients. ***p < 0.001, all two tailed.


Results of the mediation analysis by cluster according to the three-cluster solution showed a direct effect of clinically relevant levels of misophonia determined from MQ severity scores on emotional behaviors (MQ) for all clusters [Cluster 1: F(1,127) = 32.25, p < 0.001; Cluster 2: F(1,90) = 30.99, p < 0.001; Cluster 3: F(1,110) = 38.98, p < 0.001]. Anxiety intensity mediated the relationship between MQ severity scores and MQ emotional behaviors for cluster 1 and cluster 3, but not cluster 2 (Table 8). Anxiety intensity accounted for 18.96% of the total effect of MQ symptom severity on MQ emotional behaviors in cluster 1 and 9.87% of the total effect for cluster 3 but only 1.57% of the total effect for cluster 2. Anxiety frequency did not mediate the relationship between MQ severity scores and MQ emotional behaviors for any cluster. Figures 1, 2 show the overall mediation models for anxiety intensity and frequency, respectively, with the remaining mediation results reported in Table 8.


TABLE 8. Mediation model path coefficients.
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Diagnoses

Participants were asked to self-report current formal diagnoses that they held at the time of participation. It is important to note that participants were not required to submit medical records as proof of diagnosis; while the survey explicitly requested self-report of clinician-made formal diagnoses, some amount of self-diagnosis may contribute here. Self-reported diagnoses across the entire sample were evaluated by cluster membership based on the three-cluster solution (Table 9). All official diagnoses occurred with even frequency across all three clusters suggesting that clinically significant anxiety, depression, or personality disorder traits did not influence variable clustering. Anxiety disorders [i.e., General Anxiety Disorder (GAD), Obsessive-Compulsive Disorder (OCD), and Post-Traumatic Stress Disorder (PTSD)], and Depression were of specific interest and an additional analysis was conducted for diagnoses of interest by misophonia classification. All aforementioned anxiety disorders were combined into a single variable to test for group differences. Individuals that qualified for misophonia reported increased total anxiety diagnoses, OCD, PTSD, and GAD. Official diagnoses of depression, Panic Disorder, and Social Anxiety Disorder did not differ between misophonia groups (Table 10).


TABLE 9. Self-reported diagnoses by cluster membership.
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TABLE 10. Percent self-reported diagnoses by group.
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Neurodevelopmental and sensory processing disorders were not frequently endorsed within the current sample with the exception of ADHD. Twenty-three individuals reported a formal diagnosis of ADHD and were included in the group difference analysis. No significant group differences were found between participants who qualified for misophonia and those that did not.




DISCUSSION

The current study aimed to replicate prior work evaluating misophonia in a large sample of university undergraduates with additional emphasis on symptoms of sensory hypersensitivity and symptom subgrouping. Our findings support a similar but slightly reduced misophonia prevalence rate within a non-clinical sample of undergraduate students, with approximately 15% of the current sample reporting clinically relevant levels of misophonia symptoms. Groupings were determined from MQ symptom severity scores identifying 54 participants who qualified for misophonia by exhibiting clinically relevant levels of misophonia symptoms. The relatively large percentage of participants who qualified for misophonia supports the conclusion that misophonia symptoms are common in non-clinical samples (Wu et al., 2014).


Symptom Presentation

Our results support recent findings showing eating sounds and breathing/nasal sounds as the primary triggers for individuals with misophonia (Jager et al., 2020). People eating was the most frequently endorsed trigger item on the MQ trigger subscale, with approximately 45% of the sample reporting heightened sensitivity (i.e., selected often sensitive or always sensitive). S-Five trigger endorsement results supported MQ trigger subscale findings with increased reports of reduced tolerance for sounds related to eating. Though aversion to oral/nasal sounds is common, the frequency with which participants endorsed triggers unrelated to oral/nasal sounds is consistent with objective reports that individuals with misophonia find human non-oral/throat and non-human/nature sounds to be more aversive compared to individuals who do not have misophonia (Hansen et al., 2021).

Trigger endorsement rates for the MQ trigger items more frequently endorsed were relatively elevated compared to previous work (Edelstein et al., 2013; Wu et al., 2014). Trigger endorsement ranged from 20 to over 45% of the whole sample reporting they were either “often” or “always” sensitive to any given auditory trigger, apart from vowel and/or consonant sounds (∼ 9%). Participants who qualified for misophonia reported greater sensitivity to auditory stimuli classified under MQ trigger item categories compared to subclinical participants. Increased self-reported sensitivity to known misophonia triggers suggests participants who qualified for misophonia experience clinically relevant levels of auditory hypersensitivity across multiple stimuli.

S-Five triggers provided more detailed options for trigger endorsement and thus better-characterized responses from participants who qualified for misophonia. S-five sensory triggers covered a broad range of auditory stimuli that were more specific compared to MQ triggers (e.g., crunching an apple compared to people eating) with response options that better reflected commonly reported misophonia-specific reactions (e.g., annoyance, tolerance, aggressive behavior, and anxiety-induced avoidance). S-Five triggers also included non-auditory stimuli with differences between those without misophonia and individuals reporting clinical significant levels of misophonia symptoms on aversion to strong smells and some visual triggers suggesting pathways responsible for sensory hypersensitivities may be universally impaired in misophonia. A subset of participants endorsing the most extreme behavioral options on S-Five trigger items suggested a subpopulation with reduced tolerance and likely exhibition of extreme emotional or behavioral responses when exposed to specific stimuli (Vitoratou, 2018). Importantly, the S-Five indexes misophonia triggers in terms of emotional and behavioral responses to triggers resulting in a trigger section more specifically designed to depict the unique presentation of misophonia symptoms over general auditory hypersensitivity (Vitoratou, 2018; Vitoratou et al., 2021). Decreased tolerance for auditory triggers on the S-Five lends further support to the conclusion that the participants classified into the misophonia group by MQ symptom severity experienced increased sensory hypersensitivity to specific auditory stimuli with associated emotional/behavioral reactivity.



Tinnitus and Sensory Processing Abnormalities

The incidence rate of tinnitus and misophonia co-occurrence was elevated suggesting that populations of individuals with misophonia have an increased risk for co-occurring sensory processing disorders. Screening questions regarding ear ringing have a high false positive rate when regarded alone, however increased severity of tinnitus symptoms on the THI in individuals with misophonia supports a likely true increase in co-occurrence which may be linked to basic sensory processing abnormalities relatively early in the auditory processing pathway. However, this interpretation may involve additional nuance as indicated by the cluster findings discussed below and by the functional limitations of the THI (Meikle et al., 2012).



Cluster Results

Clustering our sample by symptom presentation provides a more nuanced approach to evaluating misophonia symptom characterization and understanding syndromic or spectrum representation in the disorder [Schroder et al., 2013; Erfanian et al., 2019; Jager et al., 2020; Swedo et al., 2021 (Preprint)]. The three-cluster solution identified a spectrum of symptom presentations ranging from no symptoms to severe symptom outcomes. These analyses identified a cluster (cluster 3) consisting of a severe neuropsychiatric symptom presentation with most participants exhibiting heightened broad-band sensory hypersensitivity, characteristics of ASD, and schizotypal personality characteristics. Cluster 3 also included individuals with the highest tinnitus severity scores, suggesting broad sensory involvement. Based on self-reported experiences of triggers in other sensory modalities, sensory hypersensitivities may be more specific to the auditory stimuli with moderately increased reports of difficulties in other sensory modalities for cluster 3. Cluster 1 consisted of the most severe presentations of misophonia symptoms, including increased reports of other sensory trigger experiences. Interestingly, cluster 1 contained more of the participants who qualified for misophonia compared to cluster 3, supporting the possibility that misophonia symptoms may represent a general risk pattern for more psychiatric disorder or even arise as an epiphenomenon of other disordered systems (e.g., subsyndromic ASD symptoms or tinnitus) in a relatively small subgroup of individuals with misophonia. Cluster 1 may represent a more “pure” form of misophonia that is less related to genetic risk for psychiatric disorder or specific sensory conditions like tinnitus and may respond differently to therapeutic intervention than more complicated forms with increased co-occurring psychiatric conditions. Regardless, participants clustered into cluster 1 still reported increased general sensitivity to sensory stimuli and more varied sensory experiences (i.e., other sensory triggers and severity of those trigger experiences) and exhibited increased characteristics of ASD compared to the relatively unaffected individuals in cluster 2. Given the differences in neuropsychiatric presentation across clusters, these subgroups may also reflect different underlying pathways related to difficulties in sensory processing (cluster 1) or higher-order cortical control (cluster 3), although this relationship remains to be experimentally validated. However, increased scores on the BAPQ across both clusters 1 and 3, particularly in behavioral rigidity symptoms, suggest individuals with misophonia show some overlap clinically with autism-like symptoms that may indicate similar underlying neural pathology (Hurley et al., 2007; Schroder et al., 2014).

The presence of multiple misophonia presentations suggests that misophonia symptoms may lie on a spectrum with varying levels of overlap with other brain disorders. The spectrum presentation conclusion is an important consideration for the approach to understanding and treating misophonia, previously assessed or diagnosed viaquestionnaire and recently viapsychoacoustic methods [Schroder et al., 2013; Jager et al., 2020; Enzler et al., 2021; Hansen et al., 2021; Swedo et al., 2021 (Preprint)]. In many ways, misophonia shares a clinical presentation similar to the sensory and cognitive control aspects of ASD which could implicate similar potential underlying mechanisms for sensory sensitivity and emotional reactivity symptoms (Schroder et al., 2014; Jastreboff and Jastreboff, 2015; Daniels et al., 2020). Increased functional connectivity has been noted in relation to trigger sounds within individuals with misophonia, although top-down control of sensory systems has been less clearly addressed (Kumar et al., 2017). Increased and decreased functional connectivity, depending on the system, has also commonly been reported in ASD using multiple brain imaging technologies, with top-down control of sensory systems, cognition, and social skills particularly affected (Shou et al., 2017). If similar top-down control connectivity patterns can be established for misophonia, is possible that shared biological pathways primarily concerning the auditory system but potentially generalizable to other sensory systems could be implicated [Cerliani and Rouw, 2020 (Preprint)].



Anxiety Mediation Models

One additional common co-occurring neuropsychiatric condition in misophonia is anxiety, which potentially amplifies the range of emotional reactivity observed in misophonia (Edelstein et al., 2013; Schröder et al., 2017; Cassiello-Robbins et al., 2021). Anxiety also potentially reflects a preemptive response to intolerable auditory stimuli (Edelstein et al., 2013; Wu et al., 2014). The anticipatory nature of anxiety symptoms typically noted in individuals with misophonia suggests a separate pathway from emotional processing pathways responsible for feelings of anger, panic, extreme irritation, and rage observed in response to trigger sounds (Edelstein et al., 2013). In the current study anxiety partially mediated the relationship between the severity of misophonia symptoms experienced and emotional behaviors based on MQ subscale scores and self-reported anxiety, similar to findings by Wu et al. (2014). Misophonia symptom severity was a positive predictor of emotional behavior scores, and increased symptom severity was predictive of increased emotional behaviors or reactions to trigger exposure. Both frequency and severity of anxiety symptoms mediated this relationship, however the effect of frequency was smaller relative to the effect of anxiety intensity. This relationship also differed by cluster, with anxiety severity only mediating relationships between misophonia symptoms and behaviors in clusters 1 and 3, where misophonia symptoms were most pronounced. When separated by cluster, the effect of anxiety frequency was no longer a significant mediator. A potential explanation for the reduced effect of anxiety frequency is thatparticipants exhibiting clinically relevant levels of misophonia may perceive themselves as living in a more perpetual state of anxiety rather than separable instances. Specifically, the anxiety experienced in relation to potential trigger exposure may follow patterns of volatility overprediction in autistic individuals. Autistic individuals tend to overlearn about the volatility of the changing environment leading to reduced surprise when events of change occur (Lawson et al., 2017). In other words, autistic individuals may experience sensory input overloads preventing accurate predictions viadisruption of internal predictive models (i.e., bottom-up prediction errors that produce top-down predictions propagating downward causing failures to contextualize external sensory experiences) (van Boxtel and Lu, 2013; Gonzalez-Gadea et al., 2015). Auditory triggers potentially occur in all environments and individuals with increased misophonia symptom severity may predict the violation of their own sensory expectations at increased rates compared to those without misophonia (i.e., individuals with misophonia exist in a state of hyper-focus/selective attention for the possibility of trigger presence) (Lawson et al., 2017; Palumbo et al., 2018; Silva and Sanchez, 2019). Autistic individuals reportedly focus on details over holistic percepts following shifts in neurocognitive processing supporting meta-learning. Similar neural mechanisms underlying these features among individuals on the broad autism spectrum may be reflected in those experiencing misophonia (Gonzalez-Gadea et al., 2015; Smith et al., 2020; Todorova et al., 2021). Adjusted expectations about sensory experience potentially explains both symptom severity and behaviors in response to trigger exposure signifying one potential mechanism for sensory processing symptoms and symptoms of neuropsychiatric conditions. Additionally, the possibility of increased sensitivity to sounds reflecting reduced hearing thresholds or increased difficulty suppressing non-essential auditory information may contribute to anxiety intensity mediation of emotional behaviors over frequency of anxiety experiences, however this relationship has not been verified in the literature to date.



Diagnoses

Prevalence rates of former DSM-IV Axis II disorders are known to be higher among individuals with misophonia relative to the general population. Participants were asked to self-report formal diagnoses from any of 21 specific DSM-5 diagnoses known to share symptoms with misophonia or co-occur with misophonia, particularly former DSM-IV Axis II diagnoses (Schroder et al., 2013). Formal diagnoses occurred with even frequency across all clusters suggesting that co-occurrence or symptom overlap of any one disorder does not contribute to the subcategorization of participants exhibiting clinically significant symptoms of misophonia. Rather, the increased scores on multiple neuropsychiatric subscales in Cluster 3 suggest a subgroup of individuals for whom misophonia symptoms may be driven by overall genetic or environmental factors contributing to psychiatric illness.

Regardless of cluster membership, individuals with misophonia exhibited elevated anxiety disorder diagnosis rates across the majority of diagnosis categories, similar to previous findings (Schroder et al., 2013; Jager et al., 2020).

Differences in formal diagnosis rates of general anxiety disorder between groups further support the conclusion that anxiety was not an exposure-response to auditory triggers in individuals with misophonia but reflected a preemptive anxiety response to potential trigger exposure (Lawson et al., 2017; Jager et al., 2020). Increased rates of OCD coupled with elevated behavioral rigidity scores across both clusters 1 and 3 further suggest potential obsessive preoccupations with auditory triggers that reflect preemptive responses to auditory trigger exposure. Finally, increased formal diagnoses of PTSD among those with misophonia is a relatively unique finding, albeit one that must be interpreted in light of the small number of PTSD cases in this sample. By percentage, the number of individuals with misophonia that reported a formal PTSD diagnosis (∼20%) matches the recent findings of Cassiello-Robbins et al. (2021). Increased PTSD is consistent with increased anxiety in misophonia and may represent a specific subsample where misophonia symptoms are tied to uniquely traumatic experiences (Jager et al., 2020; Cassiello-Robbins et al., 2021). Further, previous reports suggest that individuals with misophonia exhibit increased clinician-rated symptoms of personality disorders linked to increasing symptom severity, but not other conditions. Following conclusions made by Cassiello-Robbins et al. (2021), the range of psychiatric symptoms associated with misophonia may uniquely reflect mechanisms of misophonia over other discrete psychiatric conditions.



Limitations

The current study was an effort to explore misophonia symptoms of sensory hypersensitivity using clinical measures and participants from a young adult, non-clinical sample. The major limitation for interpretation was the lack of psychiatric evaluation of participants to address the background of misophonia symptoms, anxiety, and potential similarities between misophonia and ASD. Formal diagnoses were by self-report and limited in number, thus limiting interpretation of their impact on misophonia symptoms beyond that of more general variation in neuropsychiatric symptoms as measured from the survey scales (e.g., BAPQ, SCQ). Survey items regarding anxiety frequency and intensity were broad and encompassed any form of anxiety, also limiting the interpretations on the role of specific forms of anxiety in misophonia. A minor limitation in tinnitus evaluation was the self-reported nature of whether they experience tinnitus (i.e., ringing in the ears). As a result, some reported tinnitus may reflect experiences of typical aural fluctuations. Use of the THI poses minor limitations in functional use and should be interpreted as an index of tinnitus impact on quality of life (Meikle et al., 2012).

Use of an older version of the S-Five (Vitoratou, 2018) for the current study reflects a minor study limitation. The newest version was published after the formation and during the administration of the survey. Future research may take advantage of the newly described S-Five trigger endorsement factor structure to compare to MQ symptoms severity scores for misophonia group determination outcomes (Vitoratou et al., 2021). Lastly, other self-report measures exist for evaluating misophonia not used in the current study that may prove useful. The MisoQuest survey was developed based on the diagnostic criteria set forth by Schroder et al. (2013) and may bridge the gap between physical evaluations and the use of surveys to identify misophonia (Siepsiak et al., 2020). Survey measures used for the current evaluation of misophonia were selected based on prevalence of use in the literature and, in the case of the MQ, to replicate previous findings (Wu et al., 2014).




CONCLUSION

This study found two potential subgroups of individuals with misophonia: one subgroup with more “pure form” misophonia represented by the most severe misophonia symptoms but relatively few co-occurring conditions, and one subgroup with an increased number of co-occurring conditions which may represent misophonia as an epiphenomenon of increased risk for neuropsychiatric conditions in general. Subgroups of individuals with misophonia who may represent differential neuropsychiatric risk patterns and thus potentially different causative factors creates new demand for exploring the relationship between misophonia sensory symptoms, misophonia emotional reactivity/behavioral symptoms, and related neuropsychiatric conditions such as ASD and anxiety with an emphasis on neural mechanisms. Future work should evaluate auditory stimuli and responses to complex auditory stimuli (e.g., speech), as well as specific experimental assessment of cognitive control difficulties in individuals with misophonia to address the potential syndromic or subgrouped relationship between misophonia, sensory processing disorders, executive function, and state/trait levels of anxiety (Jochaut et al., 2015).
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Objective: Misophonia is an unusually strong aversion to a specific class of sounds – most often human bodily sounds such as chewing, crunching, or breathing. A number of studies have emerged in the last 10 years examining misophonia in adults, but little is known about the impact of the condition in children. Here we set out to investigate the well-being profile of children with misophonia, while also presenting the first validated misophonia questionnaire for children.

Materials and Methods: We screened 142 children (10–14 years; Mean 11.72 SD 1.12; 65 female, 77 male) using our novel diagnostic [the Sussex Misophonia Scale for Adolescents (SMS-Adolescent)]. This allowed us to identify a group of children already manifesting misophonia at that age – the first population-sampled cohort of child misophonics examined to date. Children and their parents also completed measures of well-being (for convergent validation of our SMS-Adolescent) and creative self-construct (for discriminant validation).

Results: Data show that children with misophonia have significantly elevated levels of anxiety and obsessive compulsive traits. Additionally children with misophonia have significantly poorer life-satisfaction, and health-related quality of life. As predicted, they show no differences in creative self-construct.

Conclusion: Together our data suggest the first evidence in population sampling of poorer life outcomes for children with misophonia, and provide preliminary convergent and discriminant validation for our novel misophonia instrument. Our data suggest a need for greater recognition and therapeutic outlets for adolescents with misophonia.

Keywords: misophonia, sound-sensitivity, sensory sensitivity, aversion, wellbeing


INTRODUCTION

Misophonia is a disorder of decreased tolerance to certain classes of sounds, which trigger unusual negative emotions such as anger, disgust, or anxiety (Swedo et al., 2022). Typical triggers include everyday sounds such as chewing, crunching, clicking, or breathing. These sounds are not particularly loud, and easily ignored by most other people, but can be highly aversive to people with misophonia (for reviews see Potgieter et al., 2019; Williams et al., 2021). The condition may be associated with subtle organisational differences in the brain that likely arise during development, and lead to important variations in sound tolerance – which can impact profoundly on daily life. People with misophonia show increased functional and structural connectivity in regions related to threat, emotion, and salience (Kumar et al., 2017; Schröder et al., 2019), suggesting that sounds are more prominent and emotionally distressing than they might be for most other people. Here we consider the roots of this condition, by seeking to better understand misophonia in children. Our study aims to identify how the condition can be recognised in young cohorts (10–14 years) using a novel instrument, and whether misophonia is associated with demonstrably poorer well-being across multiple measures.

Several case-studies have described children and adolescents who have sought treatment for misophonia in clinical environments (Johnson et al., 2013; Webber et al., 2014; Kamody and del Conte, 2017; Dover and McGuire, 2021). However, the present study is the first to explore misophonia in young samples who have not self-referred for study/treatment, and this can provide vital information. Clearly, children who are studied at clinic have already shown sufficient difficulties for their parents or caregivers to seek clinical support. Examining well-being in such environments is therefore circular (i.e., since children with poorer well-being are precisely those who seek treatment). Here we take a different approach by asking questions about well-being in a sample of children with misophonia who have not already sought treatment, and will almost certainly not even know that their misophonia is a recognised condition. Specifically, we screened a large sample of children to identify those with misophonia among them. As such, this is the first ever study of a population-sampled cohort of child misophonics, and we give details below of how our participants were identified.

Some studies suggest as many as 20% of the population may have some degree of misophonia (Wu et al., 2014; Zhou et al., 2017) with yet-higher rates in groups with elevated anxiety (Naylor et al., 2020) but potentially lower rates cross-culturally (Zhou et al., 2017; Kılıç et al., 2021). However, the exact prevalence may still be unknown since it is difficult to draw a line between everyday disliking, and the type of disliking linked to misophonia (e.g., most people dislike messy eating-sounds but only misophonics will feel the extreme emotions that make tolerating these sounds almost impossible). It is therefore important to use a robust methodology when identifying people with misophonia for research purposes. Although several statistically-tested misophonia questionnaires exist for adults (Wu et al., 2014; Rinaldi et al., 2021; Rosenthal et al., 2021; Vitoratou et al., 2021), there are no validated tests for children. Our review found that child-completed (or indeed parent-completed) assessments of any kind are rare in misophonia, and those that exist are typically “add-ons” to adult diagnostics (e.g., with instructions to substitute “my sound issues” for “my child’s sound issues”). This sometimes create ambiguous items [e.g., My (→ my child’s) sound issues currently make me unhappy; Who is unhappy: parent or child?] or require parents to comment on difficult-to-distinguish internal mental states in their children (e.g., My child feels helpless? Or isolated? Or guilty?). Therefore, a second aim of this study was to validate a novel diagnostic of misophonia in children: our newly devised Sussex Misophonia Scale for Adolescents (SMS-Adolescent). We describe this briefly below.

Our adolescent misophonia measure is based on an existing scale (Sussex Misophonia Scale; Rinaldi et al., 2021) we recently produced for adults. Importantly, we created this original adult questionnaire in such a way as to be ideally suited for adapting to adolescents, by using psycholinguistic norming data to ensure its language was appropriate not just for adults but also for children (see section “Materials and Methods”). Additionally, the original adult questionnaire was devised to be time-efficient (e.g., for when testing adults in large cohorts or within a battery of other tests) but this also makes it suitable for the shorter attention spans of younger participants. Finally, the adult questionnaire was specifically written in such a way that a parallel adolescent measure could be created in the future with only the most minimal adaptation; specifically, it would require only a single word change in just four items exchanging work for school (e.g., I avoid work → I avoid school; see Appendix for full adolescent questionnaire). Hence, our original adult questionnaire was ideally suited to be adapted into an adolescent version, which we have done in the current study. We then administered this questionnaire to a sample of children 10–14 years, to identify those with misophonia, whom we could simultaneously examine for well-being.

Any research study – and indeed any diagnostic – of misophonia in adolescents would be especially valuable for a number of reasons. Misophonia was named and recognized only recently (Jastreboff and Jastreboff, 2001) and has not yet entered formal diagnostic manuals such as the DSM-5 and ICD-11 (American Psychiatric Association, 2013; World Health Organization, 2020). This lack of widespread recognition has partly contributed to the relatively poorer life-outcomes reported by people with misophonia – especially those with more profound aversions. Here we look at similar outcomes in children, testing constructs that have been examined in the adult literature. In adults, misophonia has been linked with poorer well-being, where quality of life declines with increasing misophonia symptoms (Jager et al., 2020) while depressive symptoms increase (Eijsker et al., 2019), and where people with misophonia show higher rates of anxiety and obsessive compulsive disorder (OCD)/obsessive symptoms (Cusack et al., 2018). However, far less is known about misophonia in children, even though the condition appears to arise at some point during childhood or adolescence (Rouw and Erfanian, 2018; Lewin et al., 2021). Moreover, misophonia can potentially worsen with age if left unaddressed, and give rise to coping strategies (e.g., wearing headphones) that could theoretically worsen sensitivity over time (Palumbo et al., 2018). Importantly, young children often cannot advocate for themselves to seek treatment. And even if they do so, a lack of clinical and research understanding means that medical professionals are often unable to provide children with the support they need. Our aim therefore is to demonstrate how to recognise the presentation of misophonia in children, and to examine its impact on well-being.

To understand the focus of our research on well-being, we must understand that “well-being” is a broad construct (Pollard and Lee, 2003), incorporating different concepts such as life satisfaction (Diener, 2000), hedonic well-being (e.g., emotional stability, good mental health), eudaemonic well-being (e.g., positive mental attitude, fulfillment; Ryff et al., 1995), bodily/health-related well-being (e.g., Erhart et al., 2009), and the psychological/physical/social well-being that contributes to health-related quality-of-life (The Whoqol Group, 1998; Erhart et al., 2009). As we might therefore expect, the literature on childhood well-being is also extremely heterogeneous, focussing on both single well-being concepts, and multi-dimensional ones (Pollard and Lee, 2003; Ben-Arieh and Frønes, 2007; McLellan and Steward, 2015; Casas, 2019; Newland et al., 2019). Importantly however, differences in children’s well-being predict inequalities in a number of different ways. For example, lower levels of well-being have been linked to lower educational attainment (Sammons et al., 2008; Lindeboom et al., 2010; Morrison Gutman and Vorhaus, 2012), school exclusions (Parry-Langdon et al., 2008), poorer behaviour (Sylva et al., 2008), and lowered life chances (Cornaglia et al., 2015). And well-being is known to be particularly poor in children with sensory differences (e.g., higher rates of anxiety in children with multi-sensory sensitivities and synaesthesia; Simner et al., 2021). It is therefore important to understand the well-being profiles of children with misophonia, including areas of anxiety and OCD/obsessive symptoms.

In summary, our research aims to understand the well-being of adolescents with misophonia, with a primary focus on anxiety and OCD/obsessive symptoms, given that these have shown misophonia-linked associations in adults (Schröder et al., 2013; Wu et al., 2014; Cusack et al., 2018; Naylor et al., 2020). A secondary focus is on the well-being elements of health-related quality of life, and satisfaction with life, both predicted to decline in misophonia as they do in a range of other conditions (e.g., schizophrenia; Chang et al., 2011; Fervaha et al., 2016). A final aim of our manuscript is to validate a novel diagnostic measure for adolescent misophonia (our SMS-Adolescent). If our misophonia scale successfully identifies a group of children who go on to show significant differences from their peers in other ways (i.e., in well-being), we suggest this goes some way toward validating the measure itself. To be clear, an ideal approach to validation might include other procedures such as examining the Receiver Operator Characteristics (ROC) of our instrument (see Mehdi and Ahmadi, 2011); doing this in our adult questionnaire has allowed us to show that the adult measure is an “excellent” tool for separating a large group of pre-identified misophonics from a large group of pre-identified controls (Rinaldi et al., 2021). In children however, we do not have a “large group of pre-identified misophonics” – for precisely the reasons we are conducting this research. In other words, we have a problem of circularity: the lack of diagnostics and poor recognition for childhood misophonia means there are few or no large cohorts of child misophonics we could use to validate any diagnostic with ROC analyses. Therefore, we instead seek convergent validity, showing that children identified as having misophonia by the SMS-Adolescent are also those showing broader well-being deficits, compared to their peers. We will therefore screen a cohort of children for misophonia using our adolescent misophonia measure (SMS-Adolescent) and then explore the well-being of those identified as having misophonia (see section “Materials and Methods”).

Finally, we also aim to validate our questionnaire via discriminant validity, by demonstrating that our construct of interest (misophonia, as identified by our novel questionnaire) does not correlate with unrelated constructs where we would not expect it to. For this we selected a measure of creative self-concept, in which we asked our child-participants to evaluate how well they felt they performed in creative subjects at school. Creative self-concept is a robust construct of creativity that has been well studied (McKay et al., 2017; Snyder et al., 2020) and correlates with direct measurements of creative activities and achievements. We hypothesise that children with misophonia should score no differently to controls in creative self-concept. This would provide some evidence of discriminant validity for our misophonia questionnaire (the SMS-Adolescent), in addition to convergent validity from our well-being measures.



MATERIALS AND METHODS


Participants

We tested 275 participants, comprising 142 children and adolescents aged 10–14 years (Mean 11.72 SD 1.12; 65 female, 77 male), along with 133 of their parents (113 female, 19 male, 1 prefer not to say) whose children had a mean age 11.73 (SD 1.14; 64 female, 69 male; There were nine more children than adults since nine families ended testing after the child-measures but before the adult-measures. We therefore included these families in our analyses of child-measure only).

Our participants were drawn from the MULTISENSE project, a large-scale random screening study focussing on multiple aspects of childhood development (e.g., multisensory processing, creativity, and attainment; e.g., Simner et al., 2021). The inclusion criteria for the MULTISENSE project was to be in Years 2–5 within 22 Infant and Primary schools across Sussex in the south of England in 2016, where uptake for the study was 99% and the sample comprised over 3,000 children in the initial recruitment wave. As an indicator of affluence/poverty (Taylor, 2018) the mean school-level Free School Meal percentage for this cohort was 13.44%, where the national average from the same year is 14.5%, and our schools ranged in FSM status from 0.7 to 38.1%. The 142 children in our current study were those whose parents had agreed to stay in touch for future screening,1 and they were tested for the current study 4 years after initial recruitment. (Parent) participants were entered into a £100 prize draw. This study was approved by the Sussex University Science and Technology Ethics Committee (reference number ER/LR290/3).



Materials and Procedure

Testing took place between November 2020 and March 2021. Participants completed our study from home, using our in-house web application, which houses tests and advice on misophonia.2 Parent participants were sent a URL via email to take part, and this led them directly into our testing page without any access to the broader framework. The study began with a request for demographic information on age, gender etc. Participants then completed our six measures shown below; the first measure below was completed by parents and the subsequent five were completed by children.


The Screen for Childhood Anxiety Related Disorders

The Screen for Childhood Anxiety Related Disorders (SCARED; Birmaher et al., 1997, 1999) is a parent-completed 41-item questionnaire which screens for anxiety symptoms. Scores measure overall anxiety, with additional sub-scales of Panic Disorder, General Anxiety, Separation Anxiety, Social anxiety, and School Avoidance. Questions are presented as statements, which parents rate based on their child over the past 3 months. For example, Item 7 relates to generalised anxiety and states My child is nervous. Parents respond on a 3-point Likert scale: Not true or hardly ever true/Somewhat true or sometimes true/Very true or often true. This widely used measure is reliable in a number of ways, including in terms of internal consistency (α = 0.93), test–retest reliability, and parent–child agreement (Birmaher et al., 1997, 1999). In our own sample we found excellent internal consistency (α = 0.95). This questionnaire took approximately 5 min to complete.



Sussex Misophonia Scale for Adolescents

This novel self-report questionnaire presents 48 known misophonia triggers in Part 1 (see Table 1), and then 39 Likert-type statements in Part 2. In Part 1, participants were told that the questionnaire concerned things they hear and see, and they were asked: Have you always hated these things? Or don’t you mind them? Using check boxes, participants respond Yes/No to eight broad categories (e.g., I hate… the sound of people eating; see Table 1). If all eight responses were No, participants proceeded to Part 2. But for any Yes response, this revealed a full list of triggers within that category. For example, if participants responded Yes to I hate the sound of people eating, this revealed check boxes for eight types of eating-sound [crunchy foods (e.g., apples); crispy snacks; chewing; lip smacking; swallowing; slurping (a drink); wet mouth sounds (e.g., yoghurt); and other eating sound; see Table 1]. Across our eight categories, we presented a total of 48 trigger items, although our conditional logic allowed us to ask this in a time-efficient way. These 48 items were drawn from a detailed literature search, representing triggers identified for misophonia at the time of testing (see Rinaldi et al., 2021).


TABLE 1. Triggers for misophonia, and their superordinate category.

[image: Table 1]
In Part 2, participants were shown 39 statements, with the question: How often do these things happen to you? Responses were given on a 5-point scale (Never, Rarely, Sometimes, Often, and Always). Examples include: Hatred of some sounds make me feel lonely (Item 18); I don’t do well at school because of distractions from sounds (Item 12); I want to get pay-back on people who make certain sounds (Item 37); I cover my ears to block out certain sounds (Item 28); and Sounds often cause me physical pain (Item 9).3 We point out that questions related to pain might be suggestive of conditions such as hyperacusis (i.e., pain, discomfort, or a sense of “fullness” in the ears, especially from loud sounds). However, hyperacusis is co-morbid with misophonia (Jastreboff and Jastreboff, 2014), and these questions correlate highly with all others (Rinaldi et al., 2021). They are included here because they will alert clinicians to pain symptomology and the possible need for screening of other pain-related conditions.

This questionnaire was adapted from an almost identical version for adults (Rinaldi et al., 2021), with only a single-word difference, changing work to school in four items (Q12, Q14, Q22, and Q31; see Appendix). This was possible since the original adult version had been created in such a way as to be ideally suited to adapting for adolescents. Specifically, we had used psycholinguistic norming data to ensure its language was appropriate not just for adults but also for children. We conducted a linguistic analysis of its vocabulary using age-of-acquisition norms (Gilhooly and Logie, 1980; Bird et al., 2001) retrieved via the N-Watch psycholinguistics tool (Davis, 2005). This analysis showed that the vocabulary within this test makes it appropriate for adolescents in our study, having a mean age-of-acquisition of 3 years 9 months, with an upper age of 8 years 2 months (based on 122 of its 173 words, which were retrievable from N-Watch).

In total, Parts 1 and 2 contained 109 items, with 48 items revealed conditionally, meaning our questionnaire took only 5–10 min to complete. In part 2, our measure showed an excellent overall internal consistency of α = 0.97. Receiver Operator Characteristic additionally show this questionnaire to be an “excellent measure” for identifying misophonia in adults (see Rinaldi et al., 2021) and the current study will add validation for the adolescent version.



Very Short Wellbeing Questionnaire for Children

The Very Short Wellbeing Questionnaire for Children (VSWQ-C; Smees et al., 2020) questionnaire captures health-related quality-of-life in a measure for children aged 6+ years. Its four positively-worded questions are Have you got on well in class? Have you got on well at home? Have you got on well with friends?, and Has your body felt well? Children completed the questionnaire by rating statements on a 5-point Likert scale: Never, Hardly ever, Sometimes, Mostly, or Always. The VSWQ-C was developed from a consideration of the Health-Related Quality-of-life literature (e.g., Ravens-Sieberer and KIDSCREEN Group Europe, 2006; Solans et al., 2008) and designed for fast administration, while covering key levels of well-being (home life, school life, friends, and health). A recent validation on more than 1,500 children (Smees et al., 2020) shows the VSWQ-C to have excellent concurrent validity (r > 0.7) with longer measures such as the KIDSCREEN-10 (Ravens-Sieberer and KIDSCREEN Group Europe, 2006), suggesting it successfully taps into global well-being. The VSWQ-C was previously shown to have an internal consistency of α = 0.66 in children aged 9–10 years old, and in our sample had an internal consistency of α = 0.80.



Satisfaction With Life Scale-Child

The Satisfaction with Life Scale-Child (SWLS-C; Gadermann et al., 2010, 2011) is a 5-item measure for children and adolescents to self-report their life satisfaction. It is an adaptation of the adult Satisfaction with Life Scale (Diener et al., 1985), and children responded using a 5-point Likert scale (from Disagree a lot to Agree a lot). Its five items are: In most ways my life is close to the way I would want it to be; The things in my life are excellent; I am happy with my life; So far I have gotten the important things I want in life; and If I could live my life over, I would have it the same way. Gadermann et al. (2010, 2011) have successfully demonstrated the measure’s construct validity, and convergent and discriminant validity. They additionally reported an internal consistency of α = 0.86, and in our own sample we found an internal consistency of α = 0.90.



The Obsessive Compulsive Inventory – Child Version

The Obsessive Compulsive Inventory – Child Version (OCI-CV; Foa et al., 2010) is a 21-item child-report measure assessing obsessive compulsive symptoms in children and adolescents aged 7+ years. Children responded on a 3-point scale from Never to Always, describing events from the preceding month. The scale was adapted from an adult version (Opakunle et al., 2017) and shows robust test-retest reliability, concurrent validity with clinician-rated OCD symptom, as well as discriminant validity with anxiety symptoms (Foa et al., 2010). Foa et al. (2010) found total OCI-CV had an internal consistency of α = 0.85, and in our own sample we found an internal consistency of α = 0.93.



Creative Self-Concept

This measure was designed for this study to elicit children’s evaluation of their own creative ability. Creative self-concept is a robust indicator of creativity and correlates with direct measurements of creative activities and achievements in adults (McKay et al., 2017; Snyder et al., 2020). Since there are no similar scales for children (though ample literature showing self-concept itself is a reliable construct for children; e.g., in academic areas; Gao and Eccles, 2020) we created one for our purposes here. For this, we adapted an adult scale for creative self-concept (e.g., McKay et al., 2017) by shortening it to a two-item set for children, using language from child scales (of academic self-concept; e.g., Gao and Eccles, 2020). In the present study, children were therefore asked How good are you at these subjects: Art/Music? These items are key indicators of artistic creative concept (McKay et al., 2017; Snyder et al., 2020), and children were required to rate each one using a 7-point Likert scale, running from 1 = Not good at all to 7 = Very good (with the mid-point 4 marked as Average). We will average across items in our results, and note that they have an acceptable internal consistency (interitem correlation r = 0.25; p = 0.005).





RESULTS


Identifying Children With Misophonia

In the adult questionnaire related to the scale used here (Rinaldi et al., 2021), scoring involves summing the 39 Likert-scale responses in Part 24 (coded 0–4; giving a score out of 156), and comparing to the adult threshold for misophonia. The adult test has been used by several thousand misophonics to date, and Receiver Operator Characteristic show it to be an “excellent” measure for identifying misophonia in adults (Rinaldi et al., 2021). In children however, the threshold for misophonia is unknown. We therefore take a conservative approach by considering the prevalence of misophonia in adults (20%; Wu et al., 2014; see also Zhou et al., 2017) and conservatively applying half this prevalence to children, to set the child threshold at the 90th percentile of total SMS-Adolescent scores. This threshold captured all children with a test-score of 49 or higher, and we point out that this threshold is approximating the adult threshold on this scale (50.5; Rinaldi et al., 2021). Our conservative approach will allow us to be confident that we are identifying genuine child misophonics. (i.e., it aims to reduce false positives over false negatives).

Using this threshold score, we classified 15 children with misophonia. This group comprised nine girls (Mean age 11.67, SD 1.32) and six boys (Mean age 11.00, SD 0.89). The remaining 127 children were designated controls, and comprised 56 girls (Mean age 11.67, SD 1.22) and 71 boys (Mean age 11.83, SD 1.03). This relatively small sample has great value in being the first identified by screening of a population, rather than self-presenting at clinic. As such, they may represent an estimate of the children with misophonia in the population at large.



Do Children With Misophonia Show Poorer Well-Being (in Anxiety, Obsessive Compulsive Disorder Traits, Health Related Quality of Life, and Satisfaction With Life)?

In our analyses, we first ran assumptions checks, which confirmed significant skews in our data across all measures. These skews are expected with well-being data, and reflect the fact that the majority of participants have no problems in their well-being, so their scores are at one end of the scale (e.g., within the Obsessive Compulsive Inventory, most participants will not have any obsessive compulsive symptoms and therefore score 0). To address this skew, we ran robust models where possible (following Field et al., 2012). As part of our assumptions checks we also screened for, and removed outliers by looking for z-scores above/below 3/−3. Instances where outliers were found are indicated below. We next ensured no violation of homogeneity of variance using Levene’s test, and we also include a variance ratio (where scores below 1.5 indicate no issues with homogeneity of variance; see Blanca et al., 2018). These tests are included below. We ran our group-wise analyses in R using “WRS2” for robust t-tests, and robust effect sizes using trimmed means. Given unequal sample sizes, a Hedges g correction may be applied. However our need for robust models combined with the fact that the robust effect sizes reported throughout are more conservative across the board, we report instead an explanatory measure of effect size ξ which holds the same interpretation as Cohen’s d (e.g., Values of ξ = 0.10, 0.30, and 0.50 correspond to small, medium, and large effect sizes respectively; Mair and Wilcox, 2020). We additionally used the R packages “afex” for ANOVA, “emmeans” for post-hoc estimated means tests, and “tidyverse” for general data wrangling.

We first considered our parent-report questionnaire, for anxiety (the SCARED) where the maximum possible score is 82, and scores ≥ 25 may indicate the presence of an anxiety disorder (Birmaher et al., 1997, 1999). The overall mean for children with misophonia was 31.50 (SD 13.46) compared to 13.74 (SD 14.22) for controls. We found no problems with Levene’s test of homogeneity of variance [F(1,113) = 0.003, p = 0.955; variance ratio 1.05]. We explored the SCARED in a 2×5 mixed ANOVA crossing group (misophonics vs. controls) with subscale (Panic Disorder, General Anxiety, Separation Anxiety, Social Anxiety, and School Avoidance; see Figure 1). We found a statistically significant main effect of group [F(1,113) = 14.35, p < 0.001], and a significant but less interesting main effect of sub-scale [F(3.32,374.74) = 20.59, p < 0.001, since scores are generally higher for some sub-scales over others]. We also found a significant interaction [F(3.32,374.74) = 3.29, p = .020]. We ran post-hoc estimated marginal means tests to explore this interaction and found that misophonics were significantly higher across all SCARED subscales except for School Avoidance (where the numerical difference failed to reach significance; see Figure 1).


[image: image]

FIGURE 1. Means plot showing differences between misophonics (shown in triangle) and controls (shown in circles) in each of the SCARED subscales (from left to right: Panic Disorder, General Anxiety, Separation Anxiety, Social Anxiety, and School Avoidance).


We next considered our child-report measures, beginning with the OCI-CV for obsessive-compulsive traits (Foa et al., 2010). Mean scores for children with misophonia were 24.36 (SD 6.44) compared to controls who scored 7.63 (SD 6.59). We again found no problems with Levene’s [F(1,122) = 0.64, p = 0.426; variance ratio 1.02] so we proceeded to explore the Obsessive Compulsive Inventory using a 2×6 mixed ANOVA crossing group (misophonics vs. controls) with subscale (Washing, Checking and Doubting, Hoarding, Ordering, Obsessing, and Neutralizing; see Figure 2). We found a statistically significant main effect of group [F(1,123) = 64.95, p < 0.001], a significant but less interesting main effect of sub-scale [F(4.13,508.53) = 48.52, p < 0.001; since some sub-scales are higher than others], and a significant interaction [F(4.13,508.53) = 13.19, p < 0.001]. We ran post-hoc estimated marginal means tests to explore this interaction and found misophonics had significantly higher obsessive compulsive traits across each subscale of the OCI (see Figure 2) but where differences are especially notable for Neutralising (ξ = 0.88, 95% CI 0.80–0.97), Ordering (ξ = 0.88, 95% CI 0.79–0.99), and Obsessing (ξ = 0.86, 95% CI 0.80–0.98).
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FIGURE 2. Means plot showing greater scores for misophonics (shown in triangle) and controls (shown in circles) in each of the OCI subscales (from left to right: Washing, Checking and Doubting, Hoarding, Ordering, Obsessing, and Neutralizing). Here and in all similar figures, means are shown with black circles/triangles, while grey points represent the raw data, with overlapping points appearing darker. Here and throughout, error bars show 95% confidence intervals, and the asterisks represent significant p values as follows: * < 0.05, ** < 0.01, and *** < 0.001.


We next considered health-related quality-of-life, and satisfaction with life, where scores are summed across items, and low scores correspond to poorer well-being. Within the Very Short Well-being Questionnaire for Children (VSWQ-C; Smees et al., 2020) we first ran our assumptions checks where we identified and removed three outliers, and confirmed that we had no problem with homogeneity of variance using Levene’s test [F(1,137) = 0.06, p = 0.799; variance ratio 1.16]. We compared the mean score for children with misophonia 15.00 (SD 2.34) with controls 17.51 (SD 2.00). This difference was significant in a robust t-test (t (7.65) = 3.17, p = 0.001) with a large effect size (ξ = 0.69, 95% CI 0.55–0.83). We next looked at overall life satisfaction, (SWLS-C; Gadermann et al., 2010, 2011) where children with misophonia scored 13.77 (SD 4.28) compared to controls who scored 20.01 (SD 4.45). We again found no problems with Levene’s [F(1,135) = 0.05, p = 0.821; variance ratio 1.03]. Again, the difference between misophonics and controls was significant (t (9.43) = 5.09, p < 0.001) with a large effect size (ξ = 0.78, CI 0.73–0.91).5

Table 2 shows that misophonia positively significantly correlated with obsessive-compulsive traits (OCI-CV; Foa et al., 2010) in Total and subscale scores, with all correlations surviving Bonferroni correction. Effects ranged from medium for the subscale Hoarding (r = 0.45, p < 0.001) to large for the Total score (r = 0.69, p < 0.001). We also found significant positive correlations between misophonia scores and anxiety (SCARED; Birmaher et al., 1999), in both total and subscale scores. These effects were moderate, ranging from r = 0.29 (p < 0.001) for Social Anxiety, to r = 0.43 (p < 0.001) for Total score. Finally, there was a significant and moderate negative correlation (r = −0.48, p < 0.001) between misophonia scores and health-related quality of life (VSWB-C; Smees et al., 2020). We also found a strong negative correlation between misophonia scores and satisfaction with life (SWLS-C; Gadermann et al., 2010, 2011; r = −0.56, p < 0.001). See Table 2 for a full list of these correlations, including with the subscales for anxiety and obsessive-compulsive traits.


TABLE 2. Spearman Correlations between misophonia scores and our remaining measures (r and p values) with 95% confidence intervals.
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Do Children With Misophonia Show Differences in Creative Self-Concept?

Discriminant validity was assessed by considering scores in creative self-concept. As predicted, children with misophonia showed no differences in this area. Averaging across our two questions of creative self-construct (art, music), our assumptions checks showed non-normality. We therefore ran a robust t-test, however we found no problems with homogeneity of variance [Levene’s F(1,127) = 0.04, p = 0.830; variance ratio 1.06]. As predicted, there were no significant differences between misophonics (Mean 4.29, SD 1.34) and controls (Mean 4.48, SD 1.26; t (8.41) = 0.17, p = 0.867) with a small effect size (ξ = 0.14, 95% CI 0.00–0.24). We explored our null result by producing a Bayes Factor to determine if there is enough evidence to accept the null hypothesis (Dienes, 2014). We found a JZS Bayes Factor of 0.329, where scores such as this (i.e., less than 1) provide evidence for the null hypothesis. Our Bayes passed the 0.33 threshold for moderate evidence. Similarly, a correlational approach shows an almost entirely non-existent relationship between misophonia scores and creative self-concept, with an r value of 0.01 (see Table 2).




DISCUSSION

In this study we examined – general population cohort of children with misophonia. These children showed significant differences compared to peers without misophonia. Primarily, they had higher traits associated with both anxiety disorder (SCARED; Birmaher et al., 1999) and obsessive-compulsive disorder (Foa et al., 2010). They also showed poorer health-related quality-of-life (in the VSWQ-C; Smees et al., 2020) and poorer satisfaction with life (Gadermann et al., 2010). Importantly, our screening for misophonia was child-completed, while at least one of our other measures was parent-completed (i.e., SCARED), meaning our results cannot be dismissed as a response bias (e.g., an acquiescence bias) since our data come from different individuals rating the same child.

Several previous studies have linked misophonia with anxiety/obsessive-compulsive traits (Schröder et al., 2013; Wu et al., 2014; Cusack et al., 2018; Naylor et al., 2020) and with poorer quality-of-life (Jager et al., 2020) – but importantly, only in adults. The current study extends this finding into children for the first time, and importantly, children in the population at large rather than those who have self-referred to treatment clinics (Our screening approach means we are almost certainly observing cases of misophonia that are likely to be as-yet unrecognised formally.). Prior to our study, there have been no validated measures to identify childhood misophonia. Here we have introduced our adolescent instrument the SMS-Adolescent, adapted from a related adults scale (Rinaldi et al., 2021). Our measure can be found in full in our appendix, as well as online at our website www.misophonia-hub.org/test where we provide an online interface and automated scoring. Our findings offer preliminary convergent validity for this scale, by showing it correlates with the related (but different) constructs of anxiety, obsessive-compulsive traits, life-satisfaction and health related well-being. This convergent validity has been particularly important in validating our measure given the lack of existing adolescent misophonia measures available for comparison (i.e., to offer concurrent validity; see Godwin et al., 2013 and Smees et al., 2020 for discussions on differences between convergent and concurrent validity). The strength of these convergent relationships ranged from moderate (for anxiety) to strong (for all the remainder), as we might expect from previous misophonia studies looking at similar characteristics in adults (e.g., Zhou et al., 2017). We also provided preliminary evidence of discriminant validation, by demonstrating that our measure of misophonia does not correlate with the unrelated construct of creative self-concept. We have necessarily applied our scale conservatively, identifying children in the 90th percentile and above. But future studies might validate our measure more widely on larger samples of adolescent misophonics to refine its threshold. A related goal is to also explore whether our measure has a factor structure, as it does in adults (see footnote 3).

The pattern of poor well-being we have identified in children with misophonia requires close attention. Adults studies (e.g., Wu et al., 2014) have suggested that misophonia is self-evidently related to anxiety and obsessive-compulsive disorders simply given its symptomatology (e.g., negative reactions triggered by sounds, associated anxiety and distress, and corresponding avoidance/compulsion). Here we tentatively suggest that obsessive-compulsive traits and misophonia may also be mediated by the factor of disgust. Disgust is a key emotional outcome of misophonia, but also shows important differences in OCD. Stein, Shapira, and colleagues have linked OCD to a disruption in disgust processing, with more inappropriate disgust compared to controls, and with disruptions mediated by the insula in both functional magnetic resonance imaging (fMRI; Shapira et al., 2003) and positron emission tomography (PET; Stein et al., 2006). This overlap between misophonia and OCD in both phenomenology and neural features may implicate disgust in their shared aetiology. We therefore suggest that future studies of misophonia may explore further the finding of elevated OCD-traits, shown both here in children, and elsewhere in adults.

These findings of poorer well-being in children with misophonia (e.g., heightened anxiety) raise the question of causality. We have assumed that misophonia may be responsible for our target children’s poorer well-being scores, although it is equally possible that children with poorer well-being (e.g., higher anxiety) may be more pre-disposed to developing misophonia. Of course these ideas are not mutually exclusive – and development will also be mediated by environment and genetics. One genetic marker for misophonia has been identified in a report by the organisation 23andMe (Fayzullina et al., 2015). They examined 80,607 participants who were asked “Does the sound of other people chewing fill you with rage?” (Yes/No/Not Sure). After removing responses of “Not Sure” and applying their criteria for genome-wide association significance.6 Fayzullina et al. found a significant genetic locus associated with misophonia – at least as far as they had phenotyped it with their single question. This locus, rs2937573 (chromosomal region 5q34), resides near the TENM2 gene, which encodes for the teneurin-2 protein, implicated in regulating synaptic connections during brain development (Vysokov et al., 2016; Tews et al., 2017). This finding supports evidence elsewhere of enhanced functional connectivity in misophonia (Kumar et al., 2017; Schröder et al., 2019). However, the four teneurin proteins also contain peptide sequences (teneurin C-terminal associated peptides; TCAP-1–4) which have been associated with anxiety behaviours in rats (Tan et al., 2009), and linked to structures implicated in other mood disorders (Woelfle et al., 2016). Future genetic studies may therefore hold the key for greater insight into the co-morbid relationship between misophonia and broader anxiety disorders.

We recognise that one limitation of our study is our small sample size, where our screening of 142 children identified 15 with misophonia. Hence, although our study presents promising data in support of the validity of our measure, this validation remains preliminary until future studies can replicate, and extend our findings on larger samples. We also point out that our cohort of 142 children were a sub-set from a much larger randomly-sampled cohort (MULTISENSE) but were not strictly randomly-sampled themselves (They were children whose parents had signed on for further study, comprising around 5% of the initial wave.). However, there were no well-being differences between our subset and the larger wave (using seven different well-being indicators, see footnote 1). This suggests our sample were indeed a meaningful reflection of the well-being of the entire random sample at large, and – furthermore – our misophonics and non-misophonics for the current study were recruited in exactly the same way (i.e., we look within this subset, based on a screening for misophonia). Nonetheless, future studies may wish to use our scales on larger random samples. Finally, our preliminary findings regarding divergent validity would benefit from replication using validated measures of creativity, and/or additional traits (so long as these traits are such that we would expect no convergence).

Our results begin to address a vacuum of knowledge concerning childhood misophonia, and highlight a need for further attention. We suggest that current and future research should promote actions to widen the public’s understanding of misophonia. Our data on well-being also suggest that professionals might engage in an active screening for anxiety disorder and obsessive-compulsions in any child where misophonia is suspected. At the same time, researchers and clinicians might push for a wider understanding of the condition in schools. One way to achieve this is to open dialogs between parents and teachers, where information about misophonia can be shared. To achieve this, we have created an online information hub2 as a one-stop resource containing advice and support for adults, children, parents, researchers, clinicians, and educators. The site also contains information factsheets about misophonia in both children and adults (e.g., our child factsheet is designed for parents to print, individualise, and share with their teacher). Feedback suggests our factsheets often provide well-needed validation for the “genuineness” of the child’s reports, because children with misophonia are often dismissed or disbelieved. Thus, impact has been at the heart of our research, and we propose a similar approach for future researchers. In summary, our study shows that misophonia can be identified in children aged 10–14 years, with negative implications for elevated anxiety and obsessive-traits, as well as poorer life satisfaction, and health-related quality of life.
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FOOTNOTES

1 Our sample of 142 children was no different to the remainder in terms of a range of well-being metrics taken at earlier recruitment; i.e., not significantly different in positive affect [t(141.95) = 0.70, p = 0.49], negative affect [t(141.86) = 1.70, p = 0.09; for measure see Laurent et al., 1999], pro-social behaviour, emotional symptoms, conduct, hyperactivity, or peer problems (i.e., no effect of group [F(1,534) = 0.79, p = 0.374], nor interaction [F(3.21,1712.16) = 0.53, p = 0.673; for measure see Goodman, 2001]). Our sample were significantly higher than the remainder in spelling [t(149.21) = −6.04, p < 0.001] and math [t(113.88) = −7.16, p < 0.001] and this is perhaps to be expected from the children of parents who sign up for continued research (given the heritability of contentiousness and intelligence; Devlin et al., 1997; Luciano et al., 2006). The important point, however, is that our entire sample for the current study were recruited in exactly the same way, and we now look within this subset, based on a screening for misophonia. In other words, our sampling is likely to be unrelated to our findings on misophonia.

2 www.misophonia-hub.org

3 In the adult version of this questionnaire, a factor analyses by Rinaldi et al. (2021) revealed five factors, seen respectively in the five examples shown here, and these factors were: Feelings and Isolation (Items 2, 3, 4, 5, 10, 11, 16, 17, 18, 23, 24, 26, 27, 30, 32, and 38); Life Consequences (i.e., impact on work and friendships; Items 12, 13, 14, 21, 22, and 31); Intersocial Reactivity (Items 8, 15, 35, 36, and 37); Avoidance and Repulsion (Items 1, 7, 20, 28, 29, 33, 34, and 39); and Pain (suggestive of hyperacusis; Items 6, 9, 19, and 25). This factor analysis had reduced an original set of 53 items down to the 39 used here in the final version. Internal reliability of all factors was very high with Cronbach’s alpha estimates of 0.98, 0.94, 0.91, 0.92, and 0.95 for factors 1–5, respectively. However, we did not explore factor structure in adolescents because our sample size does not support this approach.

4 The comparable adult measure does not provide a score for Part 1 (triggers). Instead, it allows users to compare their own triggers against an ordered ranking. This ranking shows triggers listed from most to least common, according to a norming sample of ≈150 misophonic adults (Rinaldi et al., 2021). However, since this ordered ranking is not known for children, we omit this here. We therefore look to future studies where the nature of triggers for childhood misophonia can be better understood, and present our questionnaire in full here, for such purposes.

5 We considered a possible objection to our placing the threshold for misophonia at the 90th percentile (49 or higher; see above). We suggest this is an appropriate threshold because it is not only conservative (i.e., under-estimating prevalence) but closely equivalent to the adult threshold [50.5; shown statistically to be an “excellent” threshold; see Rinaldi et al. (2021)]. However, we also took a precautionary secondary approach, to consider the misophonia scale as a continuum and thereby re-analyse our measures using a correlational approach. To anticipate our results, we again found significance in all measures administered, mirroring our group-wise results above.

6 https://permalinks.23andme.com/pdf/23-08_genetic_associations_with_traits.pdf
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Individuals with misophonia, a disorder involving extreme sound sensitivity, report significant anger, disgust, and anxiety in response to select but usually common sounds. While estimates of prevalence within certain populations such as college students have approached 20%, it is currently unknown what percentage of people experience misophonic responses to such “trigger” sounds. Furthermore, there is little understanding of the fundamental processes involved. In this study, we aimed to characterize the distribution of misophonic symptoms in a general population, as well as clarify whether the aversive emotional responses to trigger sounds are partly caused by acoustic salience of the sound itself, or by recognition of the sound. Using multi-talker babble as masking noise to decrease participants' ability to identify sounds, we assessed how identification of common trigger sounds related to subjective emotional responses in 300 adults who participated in an online study. Participants were asked to listen to and identify neutral, unpleasant and trigger sounds embedded in different levels of the masking noise (signal-to-noise ratios: −30, −20, −10, 0, +10 dB), and then to evaluate their subjective judgment of the sounds (pleasantness) and emotional reactions to them (anxiety, anger, and disgust). Using participants' scores on a scale quantifying misophonia sensitivity, we selected the top and bottom 20% scorers from the distribution to form a Most-Misophonic subgroup (N = 66) and Least-Misophonic subgroup (N = 68). Both groups were better at identifying triggers than unpleasant sounds, which themselves were identified better than neutral sounds. Both groups also recognized the aversiveness of the unpleasant and trigger sounds, yet for the Most-Misophonic group, there was a greater increase in subjective ratings of negative emotions once the sounds became identifiable, especially for trigger sounds. These results highlight the heightened salience of trigger sounds, but furthermore suggest that learning and higher-order evaluation of sounds play an important role in misophonia.

Keywords: misophonia, auditory cognition, emotion regulation, anxiety, anger, mental health, sound sensitivity


1. INTRODUCTION

Misophonia is a disorder (Swedo et al., 2022) involving extreme sensitivity to common sounds such as eating, smacking lips, or breathing (Schröder et al., 2013; Jastreboff and Jastreboff, 2014) which trigger a strong negative emotional state. The misophonic response typically involves irritability, annoyance, anxiety, disgust, and anger when people are exposed to their trigger sounds (Rouw and Erfanian, 2018). People with misophonia show heightened trigger-specific physiological autonomic responses, experience a strong desire to escape from the environment where they hear trigger sounds (Kumar et al., 2014), and can sometimes feel a desire to harm those producing the sounds (Edelstein et al., 2013). As a consequence, they tend to avoid situations where triggers are likely to be encountered (e.g., social gatherings, classrooms, family dinners, etc.) (Schröder et al., 2013). These avoidance behaviors can be detrimental to wellbeing, education, and social relationships (Neal and Cavanna, 2013; Jager et al., 2020), which highlights the need to better characterize misophonia, and explore the underlying mechanisms by which sounds cause such strong reactions in certain people.


1.1. Misophonia in a General Population

Misophonia within general populations has only recently become a focus of scientific inquiry. Studies in large samples (N > 300) estimate that, when assessed with scales specifically designed to target misophonia, about 12–20% of people suffer from moderate or severe misophonia symptoms, cross-culturally (Turkey, United Kingdom, United States, China) (Wu et al., 2014; Zhou et al., 2017; Kılıç et al., 2021; Naylor et al., 2021). Moderate and severe symptoms tend to be grouped together, and are characterized by the interference that they cause in daily life at work, school, and home. Research on the prevalence of misophonia labels subjects as having misophonia or not based on cut-off points; however, it is unknown if those with severe symptoms of misophonia are truly a categorically special population or merely the tail end of a continuum of sound-sensitivity symptoms. Adding to this incertitude, there is still little knowledge of how prevalence may differ between biological sexes. Although some research suggests that misophonia is more prevalent in females, the samples on which these observations were based were primarily comprised of female university students (67–84% female), which the authors highlight as a limitation to the generalizability of their results (Wu et al., 2014; Zhou et al., 2017; Kılıç et al., 2021). As such, it is not yet clear if the apparent imbalance is caused by sample bias, noting that most studies recruit within psychology departments, or due to a real difference in prevalence across sexes. In addition to sex, age is a factor of interest in the study of misophonia, as findings tend to point toward younger age being associated with greater rates of misophonia. Indeed, researchers find a higher proportion of individuals with misophonia in younger samples (mean age 19.8 in Zhou et al., 2017 and 21.4 in Wu et al., 2014) than in relatively older and more age-balanced samples. In a study with participants who were more balanced in age (age range of 15–88 in Kılıç et al., 2021, mean age of 43.5 years old), researchers found lower average prevalence of misophonia and observed that younger age was related to higher rates of misophonia. Though prevalence estimates are influenced by the measurement tools and degree of severity considered as a cut-off, it is clear that there are a large number of sufferers globally. A better understanding of who suffers from misophonia is needed.



1.2. Misophonia, a Sound-Specific or Person-Specific Disorder?

To understand why certain sounds cause such strong reactions in people with misophonia, some researchers turned their attention to the nature of trigger sounds. Although they tend to vary between individuals, there are commonalities in the categories of sounds reported as triggers. Specifically, they are often everyday sounds created by other individuals (and occasionally animals), and sometimes repetitive environmental sounds (Schröder et al., 2013, 2017; Kumar et al., 2014). One study found that in a large misophonic sample (N = 575), most participants were triggered by eating sounds (96% of the sample), nasal and breathing sounds (85%), repetitive tapping (74%), and mouth/throat sounds (60%) (Jager et al., 2020). One observation about the nature of trigger sounds is that they tend to share some acoustic properties. Whether they are of organic (e.g., eating) or non-organic (e.g., clock ticking) origin, triggers still tend to be pattern-based and repetitive (Vitoratou et al., 2021). In general, sounds that are temporally modulated tend to stand out from a noisy background (Kayser et al., 2005); this seems particularly exacerbated in some modulation rates resulting in a sense of roughness (Arnal et al., 2019), while other work showed an association between ratings of unpleasantness and temporal modulation (i.e., 1–16 Hz) in naturalistic sounds (Kumar et al., 2008). Such acoustic qualities make auditory stimuli easier to detect, grab the listener's attention, and are thought to be processed via bottom-up auditory mechanisms (Duangudom and Anderson, 2007). Given that typical trigger sounds seem to share these attention-grabbing properties, it is possible that early-attentive processes are somehow involved in misophonia (an idea discussed in Schröder et al., 2014, discussed in Section 4.2). If it is true that misophonic triggers are easier to detect than other types of sounds, it may be that such bottom-up cues are involved in the development of these sounds as triggers. In other words, more acoustically salient stimuli would be more likely to become triggers, because people are better at detecting them.

At higher levels of processing, the meaning of stimuli is extracted as we recognize sounds, interpret them, and make links with previous memories. Another line of research thus investigates the common observation that individuals' trigger sounds seem to relate primarily to contextual cues, and only partially to physical characteristics of the sounds (Jastreboff and Jastreboff, 2001). Evidence from past studies points toward the involvement of higher-level evaluation of sounds in the misophonic response. Such features include the meaning, social context, and interpretation of the sound (Schröder et al., 2013; Bruxner, 2016), the belief that the sound is a potential threat or that exposure to it will be harmful (Jastreboff and Jastreboff, 2014), and the influence of personality traits (Daniels et al., 2020). In addition, a majority of people with misophonia report that their responses are exacerbated if the sounds are produced by certain people, often close friends, coworkers, and family members; or that their misophonic responses may even be isolated to these events (Edelstein et al., 2013). This insight about the importance of the person who produces the sound in the misophonic response supports the involvement of higher-level cognitive appraisals (i.e., subjective interpretation) in the misophonic reaction. Furthermore, individuals with misophonia report that they may react to a given sound in one setting (such as in their home) but not react as strongly to the same sound in another setting (such as in the home of a friend) (Jastreboff and Jastreboff, 2014). Considering that the sounds share similar acoustic properties regardless of who or what produces them, it is likely that a person's appraisal of a sound and context around it affect whether a misophonic reaction is produced or not. This involvement of top-down processes has been hinted at by self-reports and case studies, and briefly mentioned in Hansen et al. (2021), however it has yet to be supported by behavioral assessments.

With evidence for both bottom-up and top-down mechanisms being involved in misophonia, disentangling the factors contributing to the misophonic response and their relative importance in producing said response will lay essential groundwork for devising effective intervention strategies. If evidence supports a greater importance of acoustic cues, then solutions should turn toward modifying the acoustic properties of triggers. If evidence supports the importance of higher order evaluations of sounds, then solutions must focus on the associative link with the specific triggers of each patient and imagine ways in which one could break those associations.



1.3. Goal of the Present Study

The first aim of this study was to characterize the distribution of misophonia symptoms in a general population. To do so, we collected responses from an online community sample on a scale assessing misophonia. We then examined the shape of the distribution to determine whether people with severe misophonia symptoms represent a different group than those with sub-clinical symptoms (binomial distribution) or if they are simply the tail-end of a normal distribution of misophonia sensitivity. This first aim was descriptive in nature. In terms of a potential difference between males and females, we tested the hypothesis that scores on the measure designed to screen for misophonia would differ between sexes. Based on previous research (Wu et al., 2014; Zhou et al., 2017; Kılıç et al., 2021), we expected that females would score higher than males, thus reporting more misophonia symptoms.

The second aim of this study was to determine whether misophonia could be partly caused by a reaction to acoustic salience of typical trigger sounds regardless of what the sound is (bottom-up processing), or if a sound must be consciously identified as a known trigger in order to cause a misophonic response (top-down evaluation of sounds). To do this, we selected subgroups of most- and least-misophonic participants and measured identification thresholds (i.e., the point at which sounds from a category were identified by a given participant) of both groups for different categories of sounds (neutral sounds, unpleasant sounds, typical misophonic triggers). To establish if trigger sounds were indeed more acoustically salient (i.e., more attention-grabbing) than other categories of sounds, we asked participants to identify sounds in the presence of masking noise with different signal-to-noise ratios (SNR). We then explored the role of sound identification on subjective emotional responses (anger, anxiety, disgust) and perceived pleasantness of the sounds, by comparing sub-threshold and supra-threshold responses. This second aim yielded three different hypotheses. The first hypothesis, related to lower-level properties of trigger sounds, is that as SNR increases (and all sounds become easier to detect), there would be a difference in identification of the different sound categories, such that trigger sounds would be identified more easily than neutral and unpleasant sounds. The second hypothesis, related to individuals' differing ability to detect trigger sounds, was that the group of people most prone to misophonia would have lower detection thresholds for trigger sounds (i.e., they would be able to detect trigger sounds at a lower SNR level). A third hypothesis, related to the potential involvement of higher-order processes in subjective emotional responses of most- and least-misophonic individuals, was that the differences in subjective ratings of trigger sounds would only appear after the sounds are identified. In other words, at an SNR level where sounds are not identified, both least- and most-misophonic groups would have similar subjective ratings of sounds, and at an SNR level where the sounds are identified, responses would differ between groups for trigger sounds.

This study will further our understanding of who suffers from misophonia, whether common trigger sounds differ from other environmental sounds in their salience, and if this potential effect of acoustic properties or higher order evaluation of sounds play important roles in misophonic responses.




2. METHODS


2.1. Participants

A total of 300 adults participated in this study (149 males, 151 females; age range: 18–50 years, mean age: 24.6 SD = 6.7) and were recruited online through Prolific (https://www.prolific.co/). Prolific is an online platform which combines decent recruitment standards with reasonable cost, and allows researchers to pre-screen participants based on information provided when the participants sign up to the platform, which is updated over time (Palan and Schitter, 2018). Research comparing Prolific to other more widely used platforms (e.g., MTurk) showed that Prolific provides the highest quality data; participants on Prolific generally devote more attention to the tasks, comprehend instructions better, answer questionnaire items more carefully, and behave more honestly than on comparable platforms (Eyal et al., 2021).

To ensure that participants had a level of English fluency that would allow them to understand and take part in the study, recruitment was only open to residents of predominantly English-speaking countries (65% from Canada/USA, 32% from the Ireland/UK, 3% from Australia/New-Zealand). The participants came from 48 different countries of origin, with general representation as follows: 52% from North America, 30% from Europe, 13% from Asia, 2% from Africa, 1% from South America, 1% from Oceania (1% missing data). From the resulting sample, 64% were English monolinguals, 28% were bilinguals, and 8% were fluent in three to five languages (including English). Furthermore, students and non-students were represented in our sample (students: 60%, non-students: 40%), in addition to people with differing employment status (full-time: 31%; part-time: 22%; unemployed: 23%; other: 24%). Subgroups were defined at the data analysis stage based on total MisoQuest scores (Siepsiak et al., 2020a). See Section 3.1 for details regarding the grouping approach.

All participants reported being in good neurological health with normal hearing and were free of any diagnosed language disorder. Given that comorbidity of misophonia with psychiatric symptoms could contribute to high levels of anxiety or anger, we used the Prolific pre-screeners to exclude all individuals who were taking medication to treat symptoms of depression, anxiety, or low mood. This was done to limit the number of individuals experiencing severe psychiatric symptoms in our sample. The exclusion criteria also included a diagnosis of Autism Spectrum Disorder (based on participant self-report on Prolific), as this disorder shows considerable overlap with misophonia in terms of symptomatology related to sound sensitivity (Stiegler and Davis, 2010). As in other crowdsourcing platforms used for behavioral experiments, Prolific provides an approval rate for each participant. All participants who completed our study had an approval rate above 92% (M = 99.3, SD = 1.8), which we considered to be an acceptable range. No other exclusion criteria were specified for this study. All participants gave informed consent and were compensated with 2.95GBP (equivalent to $5CAD) for their time through Prolific. The experimental protocol was approved by Concordia University's Human Research Ethics Committee.



2.2. Protocol

Participants were recruited through Prolific (www.prolific.co), and redirected to an online behavioral platform (Pavlovia, https://pavlovia.org/) running the experiment designed on PsychoPy (Peirce et al., 2019). The entire experiment took on average 28 min to complete.

Before proceeding with the task, participants were asked to complete a questionnaire designed to screen for misophonia (see Section 2.4). They were also asked to specify the type of audio output that they were using (earbuds, headphones, default computer audio, speakers), and rate the quality of their audio (from 1 = poor to 5 = excellent). Note that all participants rated their audio quality as a 3 or higher.

Participants were presented with written instructions on how to complete the task and completed three practice trials. The sounds in the practice trials were presented without masking noise. After each sound, participants rated their subjective responses to the sound presented and identified it as they would in the task. This allowed participants to familiarize themselves with the scales for subjective ratings and with the labels for the forced-choice identification task, which they were prompted to closely examine. For the first two practice trials, they heard sounds of a Toddler Crying (1st trial) and a Washing Machine (2nd trial) for 15 s with a prompt to take this time to adjust the audio to be comfortably loud. In the third practice trial, participants were informed that the sounds in the study would be considerably shorter (3 s rather than 15) and proceeded to a trial containing a 3-s version of an Eating sound (different from the Eating sound used in the task). Feedback questions at the end of the study revealed that all participants found the instructions clear and had no problem understanding the task.

The task itself consisted of 75 trials, where neutral, unpleasant, and trigger sounds were embedded in multitalker babble (see Section 2.3), with different levels of signal-to-noise ratio (SNR; 15 sounds × 5 SNR levels). For each trial, participants first listened to the stimuli (3 s), then were prompted to rate the pleasantness of the sound (from 0 = unpleasant to 100 = pleasant), as well as their subjective anger (from 0 = angry to 100 = neutral), disgust (from 0 = disgusted to 100 = neutral), and anxiety (from 0 = anxious to 100 = neutral), using sliders on a continuous scale. In contrast with appraisal of the sound itself, the person-centered metrics were unidirectional with a neutral state on one end and the negative affect on the other, such that negative to neutral reactions were captured. Finally, for each trial, participants completed a 15-alternative forced-choice (15-AFC) task, where they were presented with labels describing all the possible sounds and were asked to identify the one that they had just heard. The experimental interface is presented in Figure 1. The participants completed all 75 trials in one single block, and the order of sounds was fully randomized within the block.


[image: Figure 1]
FIGURE 1. (A) Subjective ratings. Participants had unlimited time to rate the pleasantness of the sound (from unpleasant to pleasant) and the subjective feelings of anger, disgust, and anxiety after hearing the sound. (B) 15-alternative forced-choice task. Participants had unlimited time to click on the label corresponding to the sound that they just heard.


After the experimental portion ended, participants were also asked to describe what they thought the purpose of the experiment was and whether they had noticed anything particular about the sounds (open-ended response). Of the 300 participants, a total of 19 participants provided vague answers to both these questions. We visually assessed the data for these individuals to check that they had done the task correctly. Because they all showed good identification of the sounds (above 80% identification) on trials where the sounds were louder than the babble, we concluded that all participants were likely to have been engaged throughout the experiment. Participants were further asked whether they had experienced technical difficulties; no participant reported difficulties preventing them from completing the task.



2.3. Stimuli

The neutral, unpleasant, and misophonic trigger sounds used in this study were borrowed from Kumar et al. (2017). The materials originally comprised 42 sounds (each category consisting of 14 stimuli) of 15 s in length, from which we selected a subset of 15 sounds (5 from each category). The triggers in this set of sounds are related to orofacial actions (eating, drinking, etc.), which is in line with previous assessments of misophonia showing that orofacial sounds are the most common misophonic triggers. Indeed, Jager et al. (2020) found that all participants in their large (N = 575) sample had at least one oral or nasal sound as a trigger, and Vitoratou et al. (2021) showed that people with misophonia were more than 40 times more likely than those without misophonia to be triggered by eating sounds, and more than 20 times more likely to be triggered by loud/unusual breathing sounds. Though we understand that misophonia is characterized by a wider range of trigger sounds (as shown in Daniels et al., 2020), we used human-generated sounds related to orofacial actions in the present study, given that they are the most common triggers among individuals with misophonia.

Because the study design involved a total of 75 trials (5 SNR levels for each of the 15 sounds), we decided to select a representative 3 s clip from each, to reduce the length of the experiment and avoid participant fatigue. The fifteen sounds were selected based on pilot testing. Sounds were eliminated if they were frequently confused with another sound (e.g., Vacuum Cleaner and Hair Dryer), if they had highly similar semantic meaning (e.g., Eating, Chewing, and Crunching), or if they were difficult to identify in their 3-s form (e.g., Kettle Boiling, the acoustic properties of which evolved over 15 s). The final set of sounds comprised: Hair Dryer, Helicopter, Phone Ringing, Shower, and Washing Machine as neutral sounds; Alarm Clock, Dentist Drill, Female Scream, Multiple Dogs Barking, and Toddler Crying as unpleasant sounds; Coughing, Sniffing, Eating, Packet Rustling, and Cutlery as trigger sounds.

Multi-talker babble is often used as a masker for speech perception and hearing-in-noise experiments (Coffey et al., 2017). It is a type of noise that many listeners encounter on a regular basis in everyday life, therefore it has a higher degree of ecological validity than other types of maskers (Silbert et al., 2014). Because trigger sounds are frequently human-generated and heard in social contexts, we also adopted it as a masker.

In this study, we used 10-talked babble, with different levels of SNR. The levels were chosen via piloting such that, at the lowest level, the target sound would be generally indistinguishable among the babble, whereas at the highest level, the target sound would be very easily detectable from the babble. Thus, the chosen levels were covering most of the underlying psychometric function from which an inflection point could be well-bracketed. The resulting SNR levels were: −30, −20, −10, 0, +10 dB.



2.4. Questionnaires

The MisoQuest (Siepsiak et al., 2020a) is a 14-item questionnaire designed to screen for misophonia as a disorder in which a person is “triggered immediately by certain sounds, with anger as a core (but not exclusive) emotion”. The questionnaire includes items assessing different aspects of misophonia, from basic phenomenology (e.g., “I find some sounds made by the human body unbearable.”), to clinically-relevant questions about avoidance behavior and daily functioning (e.g., “If I can, I avoid meeting with certain people because of the sounds they make.”). For each item, participants were required to answer on a 5-point Likert-scale (from 1 = completely disagree, to 5 = completely agree). Misophonia symptomatology is indicated by summing the scores together, for a maximum of 70 points. The MisoQuest was developed in Polish with an Exploratory Factor Analysis (EFA), and showed excellent reliability (Cronbach's alpha = 0.955) in a misophonic sample. The English translation was provided by the team who developed the questionnaire, and (to the best of our knowledge) has yet to be validated in an English-speaking sample. The internal consistency (Cronbach's alpha) of the MisoQuest in our sample of 300 participants was of 0.890.



2.5. Statistical Approach

The first analysis concerned the prevalence of misophonia-like symptoms in our online community sample. We characterized the four moments of the distribution of MisoQuest scores (mean, standard deviation, skewness, and kurtosis), and used a Shapiro–Wilk test to examine the normality of this distribution. We reiterated this analysis split by sex (male or female), and regressed the MisoQuest scores by chronological age. A further exploration of sex effects on each item of this questionnaire was conducted with non-parametric t-tests (given the ordinal nature of the DV on an item basis) and corroborated by a Bayesian approach. This helped isolate which aspects of the questionnaire were likely to depend on sex, and which were not. Finally, the distribution of MisoQuest scores was divided in the top and bottom 20% to form two sub-groups: Most- and Least- Misophonic. Note that this was a critical step to the rest of the analyses, which focused on these two subgroups.

The second analysis concerned the performance in the identification of each sound with one of the 15 labels. A sigmoid function was fitted to the percent correct score, averaged for each category (neutral, unpleasant, and trigger sounds) across the five SNRs (from −30 to +10 dB). From these fits, a threshold was extracted at a fixed level of performance of 60.5% (which corresponds to d' of 2 in a 15-AFC task). This threshold was then submitted to a mixed analysis of variance (ANOVA) with one between-subject factor (most- vs. least-misophonic group) and one within-subject factor (category: neutral, unpleasant, trigger). Greenhouse-Geisser corrections were applied to effects and interactions that violated the assumption of sphericity. Post-hoc pairwise comparisons further explored the effect of category, correcting the inflation of type I error with Bonferroni adjustments.

The third analysis concerned the subjective ratings, collected for each of the five sounds in each of the three categories of sound, at each of the five SNRs (like the performance data). These ratings were fitted with a second-degree polynomial as a function of SNR. The position of the threshold divided the SNR scale in windows where sounds were or were not identifiable. The subjective ratings were averaged from the fits in each of these two windows, providing two values (sub-threshold rating and supra-threshold rating). The goal of this third analysis was to determine whether the supra-threshold rating would depart substantially from the sub-threshold rating, specifically for trigger sounds and specifically for the most-misophonic group. Thus, these ratings were submitted to a mixed ANOVA with one between-subject factor (group) and two within-subject factors (SNR window: sub- vs. supra-threshold, and category: 3 levels). To further explore the 3-way interaction, the change in rating (sub- vs. supra-threshold) was calculated and submitted to a 2-way ANOVA similar to that described above (second analysis). With this reduced design, the simple effect of group separately for neutral, unpleasant, and trigger sounds enabled us to point at the type of sound that could elicit a particularly aversive experience (induced by the sound becoming identifiable) in the Most-Misophonic group. Finally, note that this third approach was repeated in four different versions, for (1) unpleasantness, (2) anger, (3) disgust, and (4) anxiety, and were described as identically as possible.




3. RESULTS


3.1. MisoQuest Scores

Scores on the MisoQuest were normally distributed (minimum: 14, maximum: 69, M = 37.9 SD = 9.9), as evidenced by a Shapiro–Wilk test supporting the normality of the distribution (p = 0.560) and by indices of skewness (0.114) and kurtosis (−0.017) approaching zero. Figure 2 shows the distribution of scores for the entire sample. Mean scores on the MisoQuest did not differ between males and females [t(298) = −0.67, p = 0.506], and both male and female distributions of MisoQuest scores were also respectively normal according to the Shapiro–Wilk test (female: p = 0.653; male: p = 0.841). In addition, the MisoQuest scores did not correlate with age (r = −0.06, p = 0.321), which was also true for males and females separately (female: p = 0.151; male: p = 0.984). In other words, the data suggest that misophonia symptoms are present in people regardless of sex or age, and is best conceptualized as a continuum in a symmetric and mesokurtic distribution of sound sensitivity. The distributions of MisoQuest scores by sex and by age are presented in Appendix A.
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FIGURE 2. Distribution of MisoQuest scores (N = 300). Least-Misophonic (LM) and Most-Misophonic (MM) groups represent the top and bottom 20% of the distribution. Actual scores are plotted below the curve (jittered for better visualization).


Based on the proposition that certain types of misophonic responses may be more common in women than in men (Kılıç et al., 2021), we compared sexes on their responses to individual items of the MisoQuest. For these additional analyses, given the ordinal nature of the data, we used Mann–Whitney U-tests. Results of the tests (using a Bayesian approach) on each item are provided in Appendix B. We found that females scored generally higher on item 14, which assesses impairments in daily functioning, and also scored higher on three items relating to emotional control (item 1, 2, and 5). Of note, the evidence for a sex difference was especially strong for item 5 (“When I hear unpleasant sounds, I start sensing emotions in my body [e.g., I sweat, feel pain, feel pressure, my muscles tense]”), which refers specifically to the physiological component of emotions.

To compare people with and without severe misophonia symptoms on our different measures, we established two groups based on participants' total scores on the MisoQuest. The groups of Most-Misophonic (MM) and Least-Misophonic (LM) included respectively the top and bottom 20% scorers on the MisoQuest, based on a prevalence of 20% for moderate-to-severe misophonia symptoms reported in past literature (Wu et al., 2014; Zhou et al., 2017). The resulting MM group (N = 66, 33 females, mean age: 24.0 SD = 5.9) included participants with a total score above 45 on the MisoQuest (M = 51.3; SD = 5.0), and the LM group (N = 68, 32 females, mean age: 25.1 SD = 7.6) included participants with total scores below 31 (M = 25.1; SD = 4.6).

The groups did not show statistically significant differences in any of the demographic variables, including age [t(132)=−0.88, p = 0.382], sex [χ2(1) = 0.12, p = 0.733], number of fluent languages [χ2(4) = 1.09, p = 0.895], continent of residence [χ2(2) = 2.69, p = 0.261], employment status [χ2(3) = 2.69, p = 0.261] and student status [χ2(1) = 0.21, p = 0.645]. The two groups also did not differ in the audio output they used [χ2(3) = 4.91, p = 0.179], nor the audio quality they reported [χ2(2) = 4.18, p = 0.124]. In other words, except from MisoQuest scores, the groups did not differ from one another.



3.2. Identification Thresholds

As expected, performance on the identification task averaged over the entire sample (300 participants) increased with SNR, such that when sounds were more easily detectable, performance on the identification task increased to about 100% identification. Percent correctness of sound identification on the 15-AFC-task was used to compute a sigmoidal model of psychometric functions for each category of sound and individual listener (Figure 3A). Although average fit of the models was lower for trigger sounds ([image: image] = 0.912) than for other types of sounds ([image: image] = 0.933, [image: image] = 0.937), all goodness of fit indices were above 0.9, and the model fit for each category did not differ between groups.
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FIGURE 3. (A) Psychometric functions (N = 300) for the 15-AFC identification task. Average percent identification plotted at each (SNR) level, for each sound category. Solid lines represent the mean of the fits and shaded areas represent ±1 standard deviation. Dotted lines represent chance level and the performance level chosen to define identification thresholds of the 15-AFC task. (B) Mean identification threshold for each sound category, for the Least-Misophonic (LM) and Most-Misophonic (MM) groups. Error bars represent ±1 standard deviation. Asterisk (*) indicates a statistically significant difference (p < 0.01), “n.s.” indicates a non-significant difference.


For each participant, an identification threshold was extracted from the psychometric function of each category of sound. This threshold would represent the SNR level required to attain an arbitrary criterion of 60.5% performance on the identification task for a given sound category. In other words, for each participant, the identification threshold represented the SNR level at which they reliably identified the sounds.

A 2 × 3 mixed ANOVA was conducted to assess differences in identification thresholds between the LM and MM groups for the three sound categories (neutral, unpleasant, trigger). The assumption of sphericity among the three categories of sound was not met. In this analysis, and for all other sets of data that violated this assumption, the degrees of freedom were adjusted with Greenhouse-Geisser [here, χ2(2) = 18.8, p < 0.001, ϵ = 0.882]. There was a main effect of category [F(1.8, 232.9) = 362.8, p < 0.001], and post-hoc comparisons (with Bonferroni corrections) revealed that thresholds were lower for triggers than unpleasant sounds (by 2.3 dB, p < 0.001) which themselves were lower than neutral sounds (by 9.9 dB, p < 0.001). However, there was no main effect of Group [F(1, 132) = 0.58, p = 0.884] nor any interaction of Group and Sound category [F(1.8, 232.9) = 0.3, p = 0.688]. Figure 3B illustrates the ANOVA results.

The trigger sounds were more salient in general than the other categories of sounds, but this was true of all participants, regardless of whether they were in the LM or MM group. This provides evidence for the first hypothesis, that as SNR increases (and all sounds become easier to detect), there would be a difference in identification of the sounds between sound categories, such that triggers will be identified prior to unpleasant sounds and certainly prior to (at least 10 dB) neutral sounds. It is also evidence against our second hypothesis; individuals most prone to misophonia are not better at detecting trigger sounds than those who are least misophonic.



3.3. Subjective Ratings Before and After Identification

Following a visual assessment of participants' responses for each type of subjective rating as a function of SNR, we observed that the ratings for the aversive sound categories seemed to follow a curvilinear trend. Therefore we used a 2nd-degree polynomial to fit the participant's mean ratings at each level of SNR, for each type of rating and each category of sound (Figure 4).
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FIGURE 4. Population results (N = 300) for subjective ratings of each sound category. Shaded areas represent ±1 standard deviation from the mean fit. The aversive sounds (blue and red) show a curvilinear trend.


To assess whether subjective ratings differed in sub-threshold SNRs vs. supra-threshold SNRs, we averaged all points in the subjective fits below and above the threshold to provide only 2 values per category and per participant. For each type of rating, this resulted in a total of six data points per participant: 3 categories of sounds (neutral, unpleasant, trigger) × 2 SNR windows (below recognition threshold, above recognition threshold). Ratings from the self-report scales were flipped, such that high scores indicated a more aversive reaction. Increases in a given rating therefore indicated elevated unpleasantness, anger, disgust, and anxiety.

For each type of rating, we conducted a 2 × 2 × 3 mixed ANOVA, with the within-subject factors being Sound category and SNR window, and the between-subjects factor being Group (LM and MM). For each test, the assumption of sphericity was assessed for Sound category and its interactions; when the assumption of sphericity was not met, degrees of freedom were adjusted with the Greenhouse-Geisser correction. Statistics for main effects and interactions (including effect sizes) are reported in Table 1. Note that, when re-computing these analyses with type of audio output or quality of audio as a between-subjects factor, we found that the main results were not affected. The LM and MM groups did not differ in audio quality or output, the main effect of either of these variables was never significant, and they did not interact with the group variable for any type of rating.


Table 1. ANOVA results for emotional ratings before and after recognition threshold.
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In addition, we reiterated a similar analysis looking at the linear slope with which subjective ratings degraded as a function of SNR. The results (reported in Appendix C) were largely consistent with those presented here in Section 3.3. This additional analysis reflected the differential trends in how sounds became more aversive as they progressively stood out from the multitalker babble.


3.3.1. Unpleasantness

The first ANOVA revealed a main effect of Sound category and of SNR window, but no main effect of Group. All 2- and 3-way interactions were significant (see Table 1 for statistics). Post-hoc comparisons of the 3-way interaction (with Tukey correction for multiple comparisons) revealed that, for each sound category, there was no statistically significant group difference in unpleasantness ratings below threshold (all p > 0.999), suggesting that the ratings for the two groups did not significantly differ when they could not detect the sounds.

The average fit of the second-degree polynomial was lower for neutral sounds ([image: image] = 0.656) than for trigger sounds ([image: image] = 0.800), which was itself lower than for unpleasant sounds ([image: image] = 0.870). The goodness of fit did not differ between groups.

To assess the 3-way interaction, we tested specifically the change in rating below and above threshold, across the two groups and the three categories (reducing the design to a 2-way mixed ANOVA). For the LM group, the increase in rating was considerably stronger for unpleasant and trigger sounds relative to neutral sounds (by 24.9 and 17.7 points, p < 0.001 in both cases), but the increase was smaller in triggers than in unpleasant sounds (by 7.3 points, p = 0.001). For the MM group, the increase in rating was even stronger for unpleasant and trigger sounds than neutral (by 33.2 and 27.7 points, p < 0.001 in both cases) and the increase was again smaller for triggers than unpleasant sounds (by 7.3 points, p = 0.050). Results of the Unpleasantness ratings below and above the identification threshold, for each sound category and group, are shown in Figure 5. These results illustrate how both groups recognized the unpleasantness of the trigger and unpleasant sounds, but only when the sounds were identified.
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FIGURE 5. Change in subjective ratings below and above identification thresholds, for each group and sound category. Unpleasantness ratings are from 0 (pleasant) to 100 (unpleasant), with 50 being a neutral rating. For Anger, Disgust, and Anxiety, ratings are from 0 (neutral) to 100. Error bars represent ±1 standard deviation.


Perhaps most importantly, the simple effect of Group on the below/above change in rating was significant for triggers (p < 0.001) and unpleasant sounds (p = 0.006) but not for neutral sounds (p = 0.760). Trigger sounds were the category of sounds where the MM group increased their rating considerably more than the LM group (effect size d = 0.64), whereas this was true to a smaller degree for unpleasant sounds (d = 0.48), and not true for neutral sounds (i.e., same trend for the two groups). In other words, the increase in unpleasantness ratings for all aversive sounds was more extreme for the MM group than for the LM group, especially for trigger sounds.



3.3.2. Anger

There was a main effect of Sound category, SNR window, and Group, on ratings of Anger. Like for Unpleasantness, all 2- and 3-way interactions were significant. Statistics (including effect sizes) are reported in Table 1. Post-hoc comparisons of the 3-way interaction (with Tukey correction for multiple comparisons) revealed that, for each sound category, there was no statistically significant group difference in anger ratings below threshold (all p > 0.271), suggesting that the ratings for the two groups did not significantly differ when they could not detect the sounds.

The average fit of the second-degree polynomial was lower for neutral sounds ([image: image] = 0.593) than for unpleasant and trigger sounds ([image: image] = 0.768, [image: image] = 0.767), which themselves did not differ from one another. The goodness of fit did not differ between groups.

To assess the 3-way interaction, we again reduced the design to a 2-way mixed ANOVA assessing the change in rating below and above threshold. For the LM group, the elevated anger was considerably stronger for unpleasant and trigger sounds relative to neutral sounds (by 17.97 and 14.65 points, p < 0.001 in both cases), but it was not significantly different between triggers and unpleasant sounds. For the MM group, the elevated anger was even stronger for unpleasant and trigger sounds than for neutral sounds (by 26.59 and 29.17 points, p < 0.001 in both cases) and again not significantly different between triggers and unpleasant sounds, as illustrated in Figure 5. These results illustrate how both groups felt more anger in response to the unpleasant and trigger sounds when they were identified.

The simple effect of Group on the elevated anger was significant for triggers (p < 0.001) and unpleasant sounds (p = 0.005), but not for neutral sounds (p = 0.760). Trigger sounds were the category of sounds where the MM group experienced elevated anger considerably more than the LM group (d = 0.95), which was also true to a smaller degree for unpleasant sounds (d = 0.57), but not true for neutral sounds (i.e., same trend around 0% for the two groups). That is, the increase in anger ratings for all aversive sounds was more extreme for the MM group than for the LM group, a pattern which was especially strong for the trigger sounds.



3.3.3. Disgust

There was a main effect of Sound category, SNR window, and Group, on ratings of Disgust. All 2- and 3-way interactions were significant. Statistics (including effect sizes) are reported in Table 1. Post-hoc comparisons of the 3-way interaction (with Tukey correction for multiple comparisons) revealed that, for each sound category, there was no statistically significant group difference in disgust ratings below threshold (all p > 0.143), suggesting that the ratings for the two groups did not significantly differ when they could not detect the sounds.

The average fit of the second-degree polynomial was lower for neutral sounds ([image: image]= 0.581) than for unpleasant sounds ([image: image]= 0.674), which were themselves lower than for trigger sounds ([image: image]= 0.803). The goodness of fit did not differ between groups.

To assess the 3-way interaction, we again reduced the design to a 2-way mixed ANOVA assessing the change in rating below and above threshold. For the LM group, the elevated disgust was considerably stronger for unpleasant and trigger sounds relative to neutral sounds (by 9.96 and 21.65 points, p < 0.001 in both cases), and stronger for trigger relative to unpleasant sounds (by 11.69, p < 0.001). For the MM group, the elevated disgust was even stronger for unpleasant and trigger sounds than for neutral sounds (by 16.89 and 32.92 points, p < 0.001 in both cases), and stronger for triggers than unpleasant sounds (by 16.03 points, p < 0.001), as illustrated in Figure 5. These results illustrate how both groups felt more disgust toward the unpleasant and trigger sounds (especially the trigger sounds) when they were identified.

The simple effect of Group on the elevated disgust was significant for triggers (p < 0.001), but not for unpleasant (p = 0.201) or neutral sounds (p = 1.000). Triggers were the category of sounds where the MM group experienced elevated disgust considerably more than the LM group (d = 0.60), whereas this was not true for unpleasant sounds and for neutral sounds (i.e., same trend [10–15% increase] for the two groups). In other words, the increase in disgust ratings was more extreme for the MM group than for the LM group, specifically for the trigger sounds.



3.3.4. Anxiety

There was a main effect of Sound category, SNR window, and Group, on ratings of Anxiety. Like for all other types of ratings, all 2- and 3-way interactions were significant. Statistics (including effect sizes) are reported in Table 1. Post-hoc comparisons of the 3-way interaction (with Tukey correction for multiple comparisons) revealed that, for each sound category, there was no statistically significant group difference in anxiety ratings below threshold (all p > 0.157), suggesting that the ratings for the two groups did not significantly differ when they could not detect the sounds.

The average fit was lower for neutral sounds ([image: image] = 0.606) than for trigger sounds ([image: image] = 0.679), which was itself lower than for unpleasant sounds ([image: image] = 0.862). The goodness of fit did not differ between groups.

To assess the 3-way interaction, we again reduced the design to a 2-way mixed ANOVA assessing the change in rating below and above threshold. For the LM group, the elevated anxiety was considerably stronger for unpleasant and trigger sounds relative to neutral sounds (by 29.08 and 6.91 points, p < 0.001 and p = 0.030), but was weaker for trigger than unpleasant sounds (by 22.17, p < 0.001). For the MM group, the elevated anxiety was even stronger for unpleasant and trigger sounds than neutral (by 38.79 and 19.33 points, p < 0.001 in both cases), and stronger for unpleasant than trigger sounds (by 19.46, p < 0.001), as illustrated in Figure 5. These results illustrate how both groups felt more anxiety toward the unpleasant and trigger sounds (especially the unpleasant sounds) when they were identified.

The simple effect of Group on the elevated anxiety was significant for triggers (p < 0.001) and unpleasant sounds (p = 0.005), but not neutral sounds (p = 1.000). Trigger sounds were the category of sounds where the MM group experienced elevated anxiety considerably more than the LM group (d = 0.96), which was also true to a smaller degree for unpleasant sounds (d = 0.61), and not true for neutral sounds (i.e., same trend for the two groups). That is to say, the increase in anxiety ratings was more extreme for the MM group than for the LM group for all aversive sounds. Even though the unpleasant sounds generally induced more anxiety once identified, this pattern (the MM group having a stronger increase in anxiety ratings than the LM group) was more extreme of the trigger than unpleasant sounds.





4. DISCUSSION


4.1. Distribution of Misophonia Symptoms

To characterize the distribution of misophonia symptoms in a general population, we collected responses from an online community sample of 300 participants on the MisoQuest (Siepsiak et al., 2020a). We found that MisoQuest scores were normally distributed (Figure 2), in line with the idea that many people without clinically-significant symptoms still experience negative emotional and physiological reactions to sounds. Some of the sounds that frequently bother people include fingernails scratching on a chalkboard, metal scraping glass, and even some typical misophonic triggers such as chewing or sucking noises (Zald and Pardo, 2002; Kumar et al., 2008). Previous work found that, when using a misophonia-specific scale, a relatively large proportion of the population (68%) reported experiencing such sub-clinical misophonia symptoms (Zhou et al., 2017). In their study, people with sub-clinical symptoms were defined as individuals experiencing misophonia symptoms which did not cause significant distress in daily life. Taken together with the distribution of MisoQuest scores found in this study, it appears that mild misophonia regularly occurs in a large number of people. This observation gives weight to the idea that those who experience daily life impairments as a result of misophonia simply represent the tail end of a normal distribution of misophonia symptoms.

In the development of the MisoQuest, a general cut-off of 61 out of 70 points was proposed to screen for misophonia (Siepsiak et al., 2020a), based on the mean score (minus the standard deviation) of participants self-reporting as having misophonia. Research assessing the psychometric properties of the MisoQuest, found that the questionnaire had good specificity (ability to correctly classify an individual as not having misophonia), but had low sensitivity (ability to correctly classify an individual as having misophonia) (Siepsiak et al., 2020a; Enzler et al., 2021). In other words, using the suggested cutoff point for the MisoQuest introduces a risk of false negatives. In our online community sample, which did not consist of people recruited on the basis of having misophonia or other hearing sensitivities, only 4 out of 300 participants (less than 2%) scored above 61 on the MisoQuest. This result is considerably lower than previous assessments of misophonia's prevalence (i.e., 12–20%, using semi-structured interviews and other misophonia-specific questionnaires), and illustrates the lack of specificity of the MisoQuest as a whole, which has not yet been validated for use in the general population (Siepsiak et al., 2020b). See Supplementary Material for a data-driven grouping approach which attempted to refine this cutoff, an optimization exercise outside the scope of this paper.

Although the 61-point MisoQuest cutoff appears to capture the most severe cases of misophonia, our observations suggest that the distribution of symptom severity in the population lies on a continuum, analogous to some other disorders (e.g., Autism Spectrum Disorder). Previous works proposed that misophonia represents one end of a specific sound sensitivity spectrum, with on the other end Autonomous Sensory Meridian Response (ASMR), a pleasurable tingling sensation in response to trigger sounds (Barratt et al., 2017; McErlean and Banissy, 2018; Rouw and Erfanian, 2018). The MisoQuest was only designed to assess negative emotions, and therefore cannot reflect both ends of that hypothetical ASMR-to-Misophonia continuum. Nonetheless, it may be suitable to measure an individual's severity of symptoms, as similar tools are used for other disorders that vary considerably in their presentation (e.g., the Autism Quotient in the field of autism; Baron-Cohen et al., 2001).

Many different measures have been developed and used in past years—most notably the A-MISO-S (Schröder et al., 2013) and Misophonia Questionnaire (MQ; Wu et al., 2014)—and keep being introduced in the misophonia literature (e.g., more recently the Duke Misophonia Questionnaire by Rosenthal et al., 2021). We hope that our findings about how the MisoQuest behaves in our online community sample can reveal how this measure relates to other scales assessing misophonia. Given recent consensus from clinical experts on a definition of misophonia (Swedo et al., 2022), understanding how these scales behave similarly or differently across multiple populations, and how they correlate with behavioral and physiological responses to trigger sounds, is crucial to the refinement and generalization of misophonia screening tools.

In addition to understanding the prevalence of the disorder (how many people suffer from misophonia), unequal sampling in past research revealed a need for better understanding of the patients' identity (exactly who suffers from misophonia). Unbalanced sex ratios have, so far, prevented researchers from reaching generalizable conclusions on sex differences. In our balanced data set, we found that both male and female distributions of MisoQuest scores were normal, with averages not statistically different from one another. In addition, when looking at the top and bottom 20% of the distribution separately, we found no difference in the number of males and females in each group. This contradicts previous statements on the possible role of sex in misophonia sensitivity (Wu et al., 2014; Zhou et al., 2017).

While misophonia severity may not differ between sexes overall, Kılıç et al. (2021) noted the possibility that certain types of responses may be more common in women than men. This prompted us to assess sex differences for individual items on the MisoQuest. The one item in particular which stood out as interacting with sex referred to the physiological component of emotions. However, this may not be specific to misophonia: men and women tend to differ in self-reported experiences to negative emotional stimuli, with women reporting higher arousal and negative valence (Šolcová and Lačev, 2017). Yet, these self-reports do not correlate with physiological measures of facial electromyography (muscle activity) and skin conductance, which Šolcová and Lačev (2017) proposed to result from stereotypes and emotional beliefs. Future research on misophonia should include physiological metrics to adjudicate on a possible sex-induced difference in physiology when attending to sounds that are known to affect emotions. Further, if this difference does not appear in physiological measures but is present in self reports, future work should attempt to refine questionnaires or possibly weigh items differently based on sex.

In this study, total MisoQuest score did not correlate with age, which contrasts with Kılıç et al. (2021)'s finding that younger individuals were more likely to have misophonia. One explanation for this discrepancy is likely about characteristics of the sample, as younger (less age-balanced) samples do not generally exhibit an effect of age on misophonia (no age effect found in undergraduate samples for Wu et al., 2014; Zhou et al., 2017). Despite our efforts to obtain a sample representative of a general population, by opening the study to all ages, our participants consisted mostly (80%) of adults between 18 and 29 years-old. Note however that there could be individual trajectories of symptoms improving and worsening over time. Early in misophonia research, Edelstein et al. (2013) observed that while 5 of their 11 participants reported symptoms worsening over time, the same number of people reported symptoms staying the same or improving, as they had learned to better cope with them. If there are counteracting trends such that half of individuals with misophonia improve and the other half worsen, this may be seen as a null effect in population results. We therefore do not rule out an effect of age in misophonia, even though our results do not support it at the population level. Future work could clarify how the evolution of symptoms over the lifespan and thus adjudicate on the prevalence of misophonia across different age groups.

Of note, although our results can be considered somewhat more generalizable than past studies done with samples consisting of undergraduate students, our sample may not be representative of all populations. As outlined in the review by Chandler and Shapiro (2016), there are differences between the general population and online convenience samples. Though their review focused on the crowdsourcing platform MTurk, which is suggested to provide data of a lesser quality than Prolific (Eyal et al., 2021), some of the considerations brought up by Chandler and Shapiro (2016) do apply to our sample. For example, in addition to online samples being of younger age than the general population, the review outlines how some groups are often over- and under-represented in such samples. Our sample is somewhat more diverse than in past research, considering that participants came from a variety of countries of origin (though currently residing in English-speaking countries) and had differing employment and student status. However, the present context of an online community sample should be considered when generalizing observations to the population at large, particularly as we did not obtain information regarding ethnicity nor socioeconomic-status. In addition, the screening questions available in the online platform did not allow for the specific exclusion of participants with a diagnosis of anxiety or depression. As we were concerned that the available more general mental health questions would screen out individuals with misophonia, our population of interest, we used a screening question concerning use of medication to treat symptoms of depression, anxiety, or low mood. Because psychiatric symptoms are often co-morbid with misophonia (Rouw and Erfanian, 2018; Erfanian et al., 2019), it is possible that some of the reported misophonia symptoms or high ratings of anger and anxiety in the most-misophonic group could be partially explained by co-morbid affective disorders.



4.2. Misophonia, a Sound-Specific or Person-Specific Disorder?

As highlighted in McGeoch and Rouw (2020), the often highly specific nature of trigger sounds (i.e., repetitive, low frequency, etc.) points to the involvement of bottom-up mechanisms, while the complex behavioral and emotional responses suggest involvement of higher-level (top-down) processes. Here, we used a masking paradigm to explore the nature of top-down and bottom-up processing, and how they interact in misophonia.

When assessing identification thresholds for different sound categories, we found that trigger sounds were better identified than unpleasant and neutral sounds. This observation provides evidence for our first hypothesis, about a difference in the acoustic salience of different sound categories, and indicates that trigger sounds are generally easier to detect than other types of sounds. With the small number of stimuli in our study (5 examples of triggers), this finding is difficult to generalize. The sounds chosen for this study aimed at covering the most typical trigger sounds, which are usually orofacial (i.e., produced by the mouth and face) in nature (Jager et al., 2020). There are, however, many different types of trigger sounds and so, future endeavors may continue exploring the idea that common triggers have distinctive acoustic properties that set them apart from other environmental sounds. A limitation of our study (although we found no effect of this in our sample) involved participants potentially having different audio devices perhaps involving sound quality differences. Future assessments of misophonia taking place on online platforms could aim at standardizing the type of listening device, perhaps through the use of screening tools for headphone-users (e.g., Milne et al., 2021); however, for use with rich, naturalistic stimuli such as those used in this study, minor spectral differences caused by output device are less likely to have an effect than overall differences in sound level. A more fruitful approach might be to complement online studies with relatively large sample sizes yet somewhat looser experimental control such as this one with smaller, highly focused and controlled studies in the laboratory environment.

Contrary to what we had hypothesized, the least- and most-misophonic participants did not differ in their ability to detect trigger sounds, suggesting that bottom-up processes (e.g., those engaged in the salience of certain sounds) may in fact be relatively independent of misophonia. Overall, this is evidence against our second hypothesis. Early misophonia research had previously shown some evidence for differences between people with and without misophonia in low level auditory information processing (Schröder et al., 2014) on auditory event-related potentials (ERPs). During an oddball task using pure tones, the authors observed a diminished N1 component to oddball tones in misophonia patients. One of the reasons suggested for this finding was a potential basic impairment in auditory processing at a low level, given that the N1 peak is linked to early attention to auditory stimuli (Näätänen, 1992; Rinne et al., 2006). If individuals who are most and least prone to misophonia do differ in such basic auditory processes, then this is not reflected in our behavioral data, for any type of sound. Our result, paired with the observation that the misophonic reaction is not associated with absolute hearing threshold or hearing impairments in general (Tyler et al., 2014; Jastreboff and Jastreboff, 2015), offers evidence against misophonia being driven by abnormal bottom-up auditory processes. This interpretation is largely consistent with the work of Kumar et al. (2021), who found involvement of the anterior insula in misophonia, known to be essential to top-down control of action mirroring. Yet, caution should be exerted before completely negating the involvement of (abnormal) bottom-up processes (certain acoustic properties of triggers might elicit a form of pain or aversion, see e.g., Arnal et al., 2019). Nevertheless, our conclusions about bottom-up auditory processes emphasize a departure from hyperacusis (i.e., pain in response to environmental sounds, especially loud sounds), even though it tends to be comorbid with misophonia (Jastreboff and Jastreboff, 2014). In hyperacusis, the discomfort is driven by abnormal responses to the sounds' characteristics while the meaning of the sound is irrelevant (Jastreboff and Hazell, 2008); it therefore contrasts with misophonia, in which the sounds' physical characteristics do not appear to be the main component of the response. Of note, the present study did not assess hyperacusis, and as such it is unknown to what extent it might have impacted our results. Still, our observations may indicate that treatment options used in disorders such as hyperacusis would be less effective for misophonia, and that misophonia may respond better to other approaches such as regular counseling (Jastreboff and Jastreboff, 2014).

Certain sounds are more aversive than others; this is true regardless of whether a person has misophonia or not. Often, aversive reactions to sounds depend on their physical properties; for example, generally aversive sounds are loud, rough, and have strong representation of high frequencies (Halpern et al., 1986). However, certain reactions to aversive sounds are based on emotional connections with the sound (Reuter et al., 2014), and thus involve learned associations (top-down processes). In this study, we found that external evaluations of the sounds (unpleasantness) and internal evaluations of emotions (anger, disgust, anxiety) largely paralleled each other, and both appeared only after the sounds were recognized. This parallel suggests that there is a common process to both sound appraisal and personal experience that depends on higher-level cognitive processes. The difference in ratings observed between groups, on trials where the sounds could be identified, thus relates to a higher-level evaluation of the sounds, which is evidence for our third hypothesis. These observations about the involvement of top-down processes are in line with recent findings by Hansen et al. (2021) who showed, using self-report data, that knowledge of the sound identity contributes to the discomfort experienced by people with misophonia. Using a similar design (participants identified sounds and provided aversiveness ratings), they showed that participants who correctly identified oral-nasal sounds rated them as more unpleasant and evoking more discomfort than those who could not identify them.

In our study, on trials where the sounds were identified, the most-misophonic group experienced a stronger increase in aversiveness ratings than the least-misophonic group. This was true to some degree of unpleasant sounds, but it was exacerbated for trigger sounds. For example, the elevated anger and anxiety induced by recognizable trigger sounds was almost 3 times larger for MM than LM individuals. Expressed differently, all participants experienced some discomfort, but participants with higher misophonia symptoms were bothered to a more extreme degree, and with specificity with regard to triggers as opposed to other unpleasant sounds. This finding of exaggerated responses in the MM group when the sounds are identified provides once again evidence for a strong cognitive component in the nature of the misophonic response; there must be something about the meaning of the sound that triggers the response. Differences at higher-level processing between those with and without misophonia are evident from studies using functional brain imaging (Kumar et al., 2017; Schröder et al., 2019). When listening to trigger sounds, participants with misophonia showed abnormal functional connectivity between the anterior insular cortex, critical in perception of interoceptive signals (i.e., signals originating from inside the body) and the default mode network, which includes regions responsible for emotion processing and attending to behaviorally-relevant stimuli. Such differences in brain networks between people with and without misophonia support the idea that memories and contextual associations are strongly tied to the aversive emotions experienced in response to triggers. Together, findings about top-down processing in misophonia call for more behavioral experiments manipulating top-down processes (perhaps manipulating the focus of attention, or instead, the presence of distracting tasks or stimuli) while observing neural correlates to different sound categories.

Here, we provided additional evidence for the idea that cognitive processes, specifically learned associations with identifiable triggers, are involved in misophonia. Treatment options could therefore focus on breaking the associative link with specific triggers. Such treatment options, aimed at treating the cognitive element of the misophonic response, have been anecdotally successful. Although this is often limited to case-studies, cognitive-behavioral therapy (CBT) seems to be effective in reducing misophonia symptoms (Bernstein et al., 2013; McGuire et al., 2015) and managing levels of anger when exposed to triggers (Roushani and Honarmand, 2021). Perhaps more convincingly, Schröder et al. (2017) showed that 48% of patients (N = 90) reported a reduction of misophonia symptoms following CBT, whereas the waiting-list control group showed no reduction of misophonia. These results were observed after 3 months of treatment (short-term) and maintained a year later (long-term). The present results, emphasizing a person-centered disorder with a high specificity to certain triggers (not so much other unpleasant sounds) that need to be presented at a sufficiently large SNR to be recognizable, are in full support of such treatment options.

To summarize, in a study involving 300 adults sampled from an online community, two sub-groups of participants were formed on the basis of their self reports in a questionnaire designed for misophonia symptom assessment: a least-misophonic group, largely immune to the impact of sound on their life and wellbeing, and a most-misophonic group that exhibited heightened sensitivity to sound. They all listened to three categories of sounds: neutral sounds, unpleasant sounds (typically aversive), and sounds typically triggering to individuals with misophonia (often orofacially-generated). These sounds, embedded in a multi-talker babble, were presented at different signal-to-noise ratios from very faint in the background (and thus barely identifiable) to perceptually salient (and thus clearly identifiable). Triggers were found to be recognized at a lower SNR than unpleasant sounds and neutral sounds, but this pattern was common in both the least-misophonic and most-misophonic groups. Listeners also rated each sound (identified or not) on four scales: unpleasantness, anger, disgust, and anxiety. As SNR increased, unpleasant and trigger sounds became more aversive (as expected), but this change was more pronounced for triggers than unpleasant sounds, and exacerbated in MM compared to LM individuals. These results demonstrate that the heightened sensitivity of individuals most prone to misophonia does not generalize to sound overall (neutral sounds or sub-threshold unpleasant/trigger sounds). In fact, it does not provide any detection or discrimination advantage, and relates to (conscious) appraisal as well as internal experience of certain triggers, provided that they are sufficiently salient. This pattern of findings strongly supports a role for higher-order processes related to sound identity (and likely its associations with the people generating them, contexts, and so on).




5. CONCLUSION

Misophonia is increasingly recognized as a problem that can significantly affect the wellbeing, education, and careers of sufferers. To devise effective mitigation strategies and effective treatments, we must better understand its prevalence, causes, and physiological basis. This study adds several pieces of information to our knowledge of misophonia. Overall symptom severity was found in a continuum, and was approximately equal in males and females. Although females rated some questionnaire items concerning subjective experiences of physiological responses higher, previous work showed that while males and females might self-report their emotional experiences differently, their physiological responses to negative emotional stimuli do not generally differ (Šolcová and Lačev, 2017). These observations suggests that the biological basis of misophonia is not strongly sex-related, and so eventual treatments might be predicted to work equally well for both males and females. In addition, we demonstrate that while people detect negative and trigger sounds better than neutral sounds in noise, suggesting that those sounds are more salient, people with stronger misophonia symptoms did not show an additional degree of sensitivity for detecting sounds. Conversely, once they were able to identify the aversive sounds, they had a stronger increase of negative emotional reactions to them, particularly for the trigger sounds. Together, these results further emphasize that consciously linking sounds to past experience plays an important role in misophonia.

As described above, the present study has several limitations, one of which being that the questionnaire used (MisoQuest) was validated in a Polish-speaking population (Siepsiak et al., 2020a). While the original authors provided an English translation, and the questionnaire (in English and translated in French) was recently used in a French sample (Enzler et al., 2021), it has not yet been validated in an English-speaking population. To our knowledge, this is the first study that is using the English translation of the questionnaire on English-speakers. In our sample, there was a relatively low proportion of participants who reached the recommended screening score for severe misophonia in our sample, with only 4 participants scoring above 61. This small number is difficult to interpret; because we excluded individuals who were taking psychotropic medications, our distribution may reflect the removal of some more severe cases. This exclusion may reduce the generalizability of our finding to more complex psychiatric patients. However, it did allow us to focus on misophonia symptoms in people whose physiology is not being modulated by pharmaceutics, and to highlight the continuous nature of misophonia severity in a sample more representative of a general population. Given these limitations, we support the proposition by Enzler et al. (2021) that the MisoQuest should be used with other measures of misophonia, to determine potential cut-offs for mild, moderate, and severe symptoms, and to determine the convergent validity of the MisoQuest with other misophonia assessment tools. As regards our experimental design, we chose to use an existing set of stimuli that focuses on orofacial trigger sounds and was used in previous research (Kumar et al., 2017, 2021). Misophonic trigger sounds are not all orofacially generated (the importance of other sources is highlighted in Hansen et al., 2021), although most people with misophonia do have at least one orofacially generated trigger sound (Jager et al., 2020). While a reasonable starting point for fundamental research, an exclusive focus on orofacial sounds across studies could lead to an incomplete mechanistic understanding of misophonia. Therefore, work is needed to characterize the full range of misophonic trigger sounds and produce a wider selection of high-quality stimuli for further study. In addition, although previous research has found similar experiences with misophonia in different cultures (Zhou et al., 2017), the lack of information on ethnicity and socioeconomic-status in our sample should be considered when generalizing our results. Finally, the online study design trades off the precise experimental control over listening contexts and sound quality that are possible in the laboratory with the advantages of being able to recruit a larger sample with an even representation of males and females. While the design appeared to be appropriate for the current questions, which concern perception and recognition of sounds in noise, some research questions such as those requiring fine characterization of individuals' psychiatric profiles and perceptual abilities require an in-person design.

Our main goal was to explore one aspect of misophonia: its relation to identification and memory. Further work is underway to explore physiological markers of these aversive responses, and manipulate listeners' attention to emphasize or deemphasize these sounds' salience. These next studies will be able to inform shorter-term attention-based coping strategies for people living with misophonia. However, attention-based strategies are likely to be effortful and tiring to the user and may represent only a partial solution. More work will be needed to clarify the etiology of misophonia and its evolution across the lifespan, to distinguish preexisting anatomical differences that might predispose people to misophonia from the effects of experience (Kumar et al., 2021), and perhaps to use our knowledge of neuroplasticity within the auditory and motor systems to induce meaningful long-term changes in how people with misphonia process sound (e.g., Herholz and Zatorre, 2012).
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Misophonia is characterized by excessive aversive reactions to specific “trigger” sounds. Although this disorder is increasingly recognized in the literature, its etiological mechanisms and maintaining factors are currently unclear. Several etiological models propose a role of Pavlovian conditioning, an associative learning process heavily researched in similar fear and anxiety-related disorders. In addition, generalization of learned associations has been noted as a potential causal or contributory factor. Building upon this framework, we hypothesized that Misophonia symptoms arise as a consequence of overgeneralized associative learning, in which aversive responses to a noxious event also occur in response to similar events. Alternatively, heightened discrimination between conditioned threat and safety cues may be present in participants high in Misophonia symptoms, as predicted by associative learning models of Misophonia. This preliminary report (n = 34) examines auditory generalization learning using self-reported behavioral (i.e., valence and arousal ratings) and EEG alpha power reduction. Participants listened to three sine tones differing in pitch, with one pitch (i.e., CS+) paired with an aversive loud white noise blast, prompting aversive Pavlovian generalization learning. We assessed the extent to which overgeneralization versus heightened discrimination learning is associated with self-reported Misophonia symptoms, by comparing aversive responses to the CS+ and other tones similar in pitch. Behaviorally, all participants learned the contingencies between CS+ and noxious noise, with individuals endorsing elevated Misophonia showing heightened aversive sensitivity to all stimuli, regardless of conditioning and independent of hyperacusis status. Across participants, parieto-occipital EEG alpha-band power reduction was most pronounced in response to the CS+ tone, and this difference was greater in those with self-reported Misophonia symptoms. The current preliminary findings do not support the notion that overgeneralization is a feature of self-reported emotional experience in Misophonia, but that heightened sensitivity and discrimination learning may be present at the neural level.

Keywords: Misophonia, aversive auditory conditioning, generalization learning, sharpened tuning, valence, arousal


INTRODUCTION

Individuals with Misophonia experience decreased tolerance and aversive responses to specific auditory “trigger” cues (Jastreboff and Jastreboff, 2001, 2015; Swedo et al., 2022). Interest in this disorder has been steadily growing over the past years, given its association with adverse outcomes and comorbidity with other mental health disorders (Schröder et al., 2013; Wu et al., 2014; Cavanna and Seri, 2015; Webber and Storch, 2015; Zhou et al., 2017; Brout et al., 2018; Erfanian et al., 2019; Porcaro et al., 2019; Jager et al., 2020). However, there are still limited data regarding potential etiological mechanisms contributing to the emergence and maintenance of Misophonia. The present report presents initial data from an ongoing study of generalization learning, testing an extension of long-standing hypotheses in this area of research.


Etiology of “Trigger” Cues

The auditory cues driving negative emotional reactions in Misophonia often include orofacial sounds (e.g., smacking lips, loud chewing, heavy breathing, sniffling, etc.) produced by other individuals (Jastreboff and Jastreboff, 2003, 2015; Edelstein et al., 2013; Schröder et al., 2013; Duddy and Oeding, 2014; Kumar et al., 2021; Vitoratou et al., 2021a; Swedo et al., 2022), regardless of the intensity of these sounds (Schröder et al., 2013; Jager et al., 2020; Swedo et al., 2022) or other alterations in physical properties of these auditory cues (Aazh et al., 2008, 2018; Edelstein et al., 2013; Schröder et al., 2013; Tyler et al., 2014; Jastreboff and Jastreboff, 2015; Potgieter et al., 2019; Swedo et al., 2022). The negative affective responses elicited by these cues comprise feelings of anxiety, fear, disgust, irritation, and anger directed at the individual eliciting them, and the avoidance of contexts or situations where these sounds may occur (Schröder et al., 2013; Cavanna and Seri, 2015; Potgieter et al., 2019; Swedo et al., 2022). This has led several to propose that these auditory cues hold some contextual value to individuals with Misophonia (Jastreboff and Jastreboff, 2003, 2015; Edelstein et al., 2013; Schröder et al., 2013; Duddy and Oeding, 2014), implying an etiological role for associative learning in the development of these cues. Taken together with the lack of altered physiology in Misophonic individuals, many have called for Misophonia to be treated as a mental health disorder separate from auditory perceptual disorders (Schröder et al., 2013; Taylor, 2017; Rouw and Erfanian, 2018; Jager et al., 2020; Swedo et al., 2022), with a primary emphasis on learning dynamics driving the development of symptomology. A recent consensual definition of Misophonia calls for the recognition of Misophonia as a disorder (Swedo et al., 2022).

Pavlovian conditioning has been considered as an etiological mechanism in Misophonia (Jastreboff and Jastreboff, 2001, 2002; Schröder et al., 2013; Dozier, 2015; Brout et al., 2018; Palumbo et al., 2018; Kumar et al., 2021). In one theoretical framework, Dozier (2015) hypothesized a two-step reflex process in response to auditory “trigger” cues (i.e., conditioned stimuli, CS+), with the cue inducing a physical muscular reflex, resulting in an emotional response (i.e., conditioned response, CR). Specifically, these auditory cues are hypothesized to be initially processed in the auditory cortex, which then provides input to the amygdala (Jastreboff and Jastreboff, 2001, 2002), consequentially activating the sympathetic nervous system and eliciting an emotional response (LeDoux, 2007, 2012). Complementing this notion, Kumar et al. (2021) theorized that other non-orofacial sounds may come to elicit adverse emotional reactions in individuals with Misophonia via associative learning, in which both an initial “trigger” cue is presented with a non-associated cue (Muller et al., 2018; Wiese et al., 2021). As such, Pavlovian conditioning is theorized to drive increased connectivity between limbic and autonomic sympathetic systems, resulting in the primary symptoms experienced in Misophonia in response to specific auditory “trigger” cues (Jastreboff and Hazell, 2004; Møller, 2011; Jastreboff and Jastreboff, 2013). Furthermore, these responses may over time generalize to other non-associated “trigger” cues (Dozier, 2015; Kumar et al., 2021).



Generalization Learning

Aversive conditioning, a form of classical Pavlovian conditioning where a CS+ is learned to be associated with an unconditioned stimulus (i.e., US), has been applied extensively to study the development and maintenance of fear and anxiety disorders (Lissek et al., 2005; Reinhardt et al., 2010; Torrents-Rodas et al. (2013); Tinoco-González et al. (2015); Duits et al., 2015), which encompass co-occurring symptoms with Misophonia (Quek et al., 2018; Erfanian et al., 2019; Jager et al., 2020; Guetta et al., 2022). In addition to classical associative learning, some have proposed that individuals with Misophonia may come to experience heightened emotional responses to stimuli not related to orofacial sounds through separate associative and generalization learning processes (Dozier, 2015; Kumar et al., 2021). Generalization learning is an extension of simple differential aversive conditioning that allows for the assessment of how generalizable a conditioned response is to stimuli that are similar to a CS+ (Dunsmoor and Paz, 2015; Dymond et al., 2015; Struyf et al., 2015; Jasnow et al., 2017). In this process, a neutral stimulus is paired with a US, creating a CS+. In addition, other stimuli varying in physical similarity along a continuum (e.g., some closely resembling the CS+, while others may appear completely different) are presented but never paired with a US. This paradigm allows for the evaluation of conditioned responses to these non-paired stimuli, known as generalized stimuli (GS). Results from generalization learning have found that healthy control participants normally display a quadratic pattern of responses along this generalization gradient when measuring self-reported perceived risk of encountering a US (Lissek et al., 2010, 2014a), while those with anxiety-related disorders (e.g., Panic Disorder and Generalized Anxiety Disorder) display less of a decline from a CS+ to the nearest GS, indicative of overgeneralization in these clinical populations. Additional electrophysiological work with rodents found difference-of-Gaussian, or sharpened tuning, response patterns in auditory cortical cells (Bordi and LeDoux, 1994; Weinberger, 2007), while broadened-Gaussian patterns in cellular firing were observed in the medial geniculate portion of the thalamus (Edeline and Weinberger, 1992; Bordi and LeDoux, 1994) and a range of regions (e.g., insula, dorso- and ventromedial prefrontal cortex, etc.) in human neuroimaging work (Greenberg et al., 2013; Lissek et al., 2014b). These findings suggest that behavioral responses are likely to follow a Gaussian-like distribution (Ghirlanda and Enquist, 2003), while underlying neural mechanisms associated with these processes may yield either generalization or sharpened tuning response patterns.

Synthesizing these findings, evidence of both generalization and sharpened tuning response patterns have been provided in human electroencephalography (EEG) research measuring visual sensory cortical responses (Müller et al., 1998; Wieser et al., 2016), and alpha-band power, a signal reflecting attentional processing (Deng et al., 2020) and heightened attentional engagement to a CS+ (Panitz et al., 2019). Specifically, parietal alpha power (Friedl and Keil, 2020, 2021) and steady-state visual evoked potentials (i.e., ssVEPs) displayed Gaussian distributions across the generalization gradient (McTeague et al., 2015), similar to neuroimaging work (Greenberg et al., 2013; Lissek et al., 2014b), and followed the generalization pattern shown in Figure 1A (Ghirlanda and Enquist, 2003). Parietal alpha-band activity (spectral power between 8 and 12 Hz) has been established as a robust index of stimulus saliency, linked to heightened attentional engagement with conditioned stimuli (Yin et al., 2018). Specifically, transient suppression of alpha power upon stimulus presentation has been taken to index the attentive engagement with conditioned threat cues, compared to safety cues or neutral cues (Panitz et al., 2019). The present study leveraged this effect as a manipulation check for successful conditioning, and examined its sensitivity to differences in Misophonia symptom status. During generalization learning, it is expected that as threat cues acquire increased task-relevance through conditioning, alpha power would show greater power reduction for the CS+ compared to the generalization stimuli. In contrast, ssVEPs recorded from occipital sites, commonly used to assess visual cortical perception, showed difference-of-Gaussian patterns (McTeague et al., 2015; Stegmann et al., 2020; Friedl and Keil, 2021). This suggests that non-sensory regions are likely to show Gaussian-like responses along a generalization gradient, while primary sensory cortices may yield sharpened tuning, both response patterns being adaptive, respectively, for optimizing perception (sharpening) and attentional orienting (generalization).
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FIGURE 1. Hypothesized learning model response patterns. (A) Generalization, with the GS1 eliciting a greater response than the GS2. (B) Sharpening, in which GS1 has a decreased response compared to the GS2. (C) All-or-Nothing, where the GS1 and GS2 display similarly decreased responses relative to the CS+.


While previous work has investigated both autonomic (Edelstein et al., 2013; Kumar et al., 2017; Schröder et al., 2019) and neural responses to naturalistic auditory stimuli in individuals with Misophonia (Kumar et al., 2017, 2021; Schröder et al., 2019; Daniels et al., 2020), no study to our knowledge has examined how aversive learning processes contribute to auditory cues acquiring negative attributes. Furthermore, it is unclear whether Misophonic individuals display overgeneralized responses akin to what is commonly observed in fear and anxiety disorders (Lissek et al., 2005; Reinhardt et al., 2010; Duits et al., 2015). This is critical given the notion that Pavlovian conditioning serves as an etiological mechanism of symptomology in Misophonia (Jastreboff and Jastreboff, 2001, 2002; Schröder et al., 2013; Dozier, 2015; Brout et al., 2018; Palumbo et al., 2018; Kumar et al., 2021). Thus, we sought to address this gap by examining the mechanisms underlying aversive generalization learning in individuals with Misophonia (Dozier, 2015; Kumar et al., 2021). Participants completed an aversive generalization task consisting of an auditory sinewave tone presented at three different pitches over habituation and acquisition phases while EEG was recorded. In this design, one pitch served as the CS+, while the other two pitches differed in frequency from the CS+ and served as our GS. The inclusion of a habituation phase alongside the acquisition phase allowed us to examine changes over the course of learning relative to a baseline.



Current Study

First, we aimed to examine the extent to which an auditory sinewave tone paired with a US (i.e., CS+) influenced ratings and EEG indices of attentional processing compared to other GS along a generalization continuum. We hypothesized that (H1) participants, regardless of Misophonia severity, would rate the CS+ tone as more aversive and arousing, and EEG signals reflecting greater attentional processing for the CS+ compared to the non-CS+ tones (i.e., the GS) during acquisition, in which the CS+ is paired with a loud noise US. This was assessed by self-reported behavioral ratings of valence and arousal, and stimulus-induced changes in parietal alpha-band power during two phases: an initial habituation (i.e., baseline) phase, in which no stimulus was paired with a US, and an acquisition phase. Furthermore, we expected (H2) the change in these dependent variables between the habituation and acquisition phases to be larger for the CS+ compared to the other GS presented.

Regarding self-reported symptoms of Misophonia, we investigated the impact symptom severity had on response patterns to the CS+ and GS. Specifically, we predicted that (H3A) participants endorsing greater Misophonia symptomology, measured through the Misophonia Symptom Scale (MSS; Wu et al., 2014), would show overgeneralized responses across the stimulus generalization gradient (Figure 1A), demonstrated via a Gaussian distribution pattern with greater responses to the CS+, similarly high responses to a similar GS (i.e., GS1), and low responses to a less similar GS (i.e., GS2). This would be reflected by better model fits for a generalization model compared to a sharpened tuning or all-or-nothing discrimination models. Specifically, model weights derived from the competing learning models (e.g., overgeneralization and sharpening) were applied to self-reported behavioral valence and arousal ratings, and parietal alpha-band power changes, with better model fit scores reflecting a stronger match between these dependent variables and the associated model. These hypotheses were guided by explicit models of generalization learning, as discussed in previous reports of overgeneralization in clinical populations compared to healthy controls for behavioral responses (e.g., Lissek et al., 2010, 2014a). Our overgeneralization hypothesis in individuals with elevated Misophonia was also driven by the large overlap in symptomology between anxiety and fear-related disorders and Misophonia (Ginsburg et al., 2006; Hadjipavlou et al., 2008; Edelstein et al., 2013; Wu et al., 2014; Dozier, 2015; Webber and Storch, 2015; Zhou et al., 2017; Quek et al., 2018; Erfanian et al., 2019; Potgieter et al., 2019; Jager et al., 2020; McKay and Acevedo, 2020; Guetta et al., 2022), suggesting that individuals with Misophonia may display similar overgeneralization learning. Furthermore, several (Dozier, 2015; Kumar et al., 2021) have proposed that emotional responses to auditory “trigger” cues may over time generalize to other stimuli via associative learning processes.

We also considered the alternative hypothesis that (H3B) a sharpened tuning response pattern (Figure 1B) across our dependent variables would be found in individuals with greater MSS scores, as seen in previous work assessing sensory responses in socially anxious individuals (Stegmann et al., 2020). Such a response pattern would indicate suppression of the most similar GS, resulting in sharpening in sensory systems (McTeague et al., 2015). We included an all-or-nothing discrimination learning model (Figure 1C) to assess the possibility that (H3C) the CS+ alone would elicit heightened responses in our dependent variables, with little to no difference in response to the other GS, an effect observed previously for alpha power changes in visual aversive conditioning paradigms (Friedl and Keil, 2020, 2021).

Finally, we predicted that individuals endorsing greater Misophonia symptomology would also exhibit larger response change scores for the CS+ from the habituation to acquisition phases compared to those with less Misophonia symptomology. This was assessed by correlating individuals’ MSS scores with calculated change scores for self-reported behavioral ratings of valence and arousal, and parietal alpha-band power. If supported, these findings would suggest that individuals endorsing Misophonia are more likely to have adverse and arousing reactions, as well as greater attentional processing, to auditory stimuli that have acquired adverse attributes.




MATERIALS AND METHODS

The study design and hypotheses are part of a larger project that was preregistered prior to data collection1. Here, we report initial preliminary findings for the aversive generalization task, and our planned analyses pertaining to alpha-band power. In addition, we have included results from an assessment of loudness discomfort level thresholds, aimed to capture one facet of hyperacusis, a disorder of broad hypersensitivity to the volume of auditory stimuli. These measurements were included to examine the extent to which relations observed between self-reported Misophonic symptoms and the dependent variables were specific to Misophonia symptoms or partly explained by loudness discomfort as is characteristic for hyperacusis.


Participants

This report represents a preliminary analysis of a subset of data from an ongoing study. For the data discussed in the present article, 36 participants were recruited through online advertisements, flyers, and existing data bases. Participants were recruited and prescreened to include individuals scoring high on the Misophonia Symptom Scale (MSS), detailed below. They were either paid 20 USD per hour or received class credit. All participants provided informed consent prior to participation in accordance with the Declaration of Helsinki, with all procedures approved by the institutional review board at the University of Florida. Participants were at least 18 years of age, reported normal or corrected-to-normal vision, and indicated no history of seizures. Two participants were excluded from data analysis due to having over 50% of EEG trials containing artifacts (n = 1), and technical errors (i.e., program crash) during data collection (n = 1). This resulted in a total of 34 (21 Female; Mage = 19.85, SEage = 0.29) participants used for data analyses (see Table 1 for full demographics).


TABLE 1. Demographic information.

[image: Table 1]
Participants completed the Misophonia Questionnaire (Wu et al., 2014) and a set of additional questionnaires capturing symptoms in the OCD, Fear, Anxiety, and Depression spectrum. Only data from the Misophonia Questionnaire are included in the present report.



Materials and Procedure


Misophonia Measures

Symptoms of Misophonia were quantified using the Misophonia Symptom Scale (MSS), a sub-scale of the Misophonia Questionnaire (Wu et al., 2014; Supplementary Appendix Table 1). This seven-question measure assesses the degree to which individuals experience sound sensitivities to specific circumstances, such as people making throat or nasal sounds. Specifically, this questionnaire requires participants to rate how bothered they feel when hearing these specific sounds on a 5-point Likert scale ranging from 0 (i.e., Never) to 4 (i.e., Always), yielding a potential sum score between 0 and 28. The MSS has demonstrated high internal consistency (i.e., α = 0.83–0.86; Wu et al., 2014; McErlean and Banissy, 2018), with our sample showing similar internal consistency (α = 0.85). Wu et al. (2014) considered scores 14 or greater on the MSS as reflective of elevated Misophonia symptomology. In this report, we use the MSS as a continuous variable, with MSS scores in our sample ranging from 0 to 20 (M = 9.55, SE = 0.88).



Self-Assessment Manikin Measures

Self-Assessment Manikin (SAM; Bradley and Lang, 1994) ratings were collected for valence (Figure 2A) and arousal (Figure 2B) during early and late periods of both the habituation and acquisition phases of the aversive generalization task. SAM ratings were assessed following a presentation of each pitch during each assessment period (i.e., early/late habituation, and early/late acquisition). Five manikins were presented for valence and arousal, and participants were required to click on a continuous scale to rate how pleasant/unpleasant (i.e., valence) and calm/aroused (i.e., arousal) they felt after hearing each tone. All responses were recorded as pixel location (i.e., x-axis, ranging from 1 to 1,920 pixels) where participants clicked to indicate their valence or arousal.
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FIGURE 2. Self-Assessment Manikin (SAM) presented to during the early and late stages of both the habituation and acquisition phases in the auditory aversive generalization task. (A) Measures of valence quantified by pixel number (i.e., 1–1,920) corresponding with participants’ mouse click on an x-axis of the monitor’s length. (B) Measures of arousal were similarly represented by pixel number corresponding with participants’ mouse clicks.




Loudness Discomfort Level Testing

Loudness discomfort levels (LDLs), a characteristic of hyperacusis, were assessed by presenting individual sine-wave tones varying in amplitude for one second at one of five randomly presented pitches (i.e., 320, 544, 925, 1,572, and 2,673 Hz). Next, participants were provided a dichotomous choice to increase the loudness or not. If they selected “yes” to increase the loudness, the tone at that respective pitch was presented in the subsequent trial at an increased loudness level. If the participant selected “no” to increase the loudness, the next randomly selected pitch would be presented at the minimal loudness level. Loudness levels, measured with an audiometer, ranged in steps of 1–10 (ranging from ∼69 to ∼91 dBA), increasing approximately 2.5 dB for every unit increase in loudness. If participants reached the max loudness level for a given pitch (i.e., loudness level of 10), they would be presented with the next pitch regardless of their choice. Measures of hyperacusis sensitivity were calculated as the sum of loudness levels across each pitch, ranging from 1 to 50, with higher values indicating higher auditory tolerance thresholds. It is important to note that LDL measures do not serve as a complete assessment of hyperacusis. The assessment was presented using Psychtoolbox code (Brainard, 1997) on a Cambridge research systems Display ++ monitor (1,920 × 1,080, 120 Hz refresh rate) at 120 cm distance from the participant, and auditory stimuli were presented through two Behringer Studio 50 speakers arranged symmetrically behind the participant at ear level, at a 30 cm distance.



Auditory Stimuli

A sine-wave tone was presented for 4 s (88,001 sample points) at three different pitches, consisting of frequencies of 320, 541, and 914 Hz chosen from an exponential pitch function. We chose three pitches based on the results of extensive pilot work prior to the start data acquisition in the current study. In this pilot work, we tested various ranges of pitches, with up to 5–7 pitch conditions being presented spaced between 320 and 914 Hz. Using these larger condition designs, we found that participants failed to identify the CS+, indicating failure to learn contingencies between a specific pitch and US. However, when we tested a design using only these three pitches, participants correctly learned which pitch predicted the CS+. Thus, although these frequencies may be in the pleasantness range (Patchett, 1979), as discussed in our results below, we found significant differences in behavioral measures of valence and arousal for these stimuli following conditioning.

A cosine-wave was generated to create onset and offset-ramps for each pitch. The loudness of each pitch was normalized by dividing each pitch’s amplitude at a given sample point by its respective frequency. This resulted in normalizing loudness levels to 70 dBA to ensure consistent loudness levels were presented for each frequency. In addition, a 91 dBA white noise was also generated, using white noise with 22,001 sample points, multiplied with a ramp-off, ramp-down cosine square window of 5 sample points to avoid popping at the beginning and end. This loud white noise stimulus served as the US, and was presented during the final second of the 4 s tone presentation of the sinewave tone designated the CS+. The duration of 1 s was chosen because previous work has shown that loud noise USs are most effective when longer than 500 ms (Sperl et al., 2016). In addition, the final second was chosen because Pavlovian conditioning is most effective when the CS+ and US co-terminate after having overlapped for a period of time (Kamin, 1956). This white noise was paired with the 320 Hz tone, with both the tone and white noise co-terminating. Thus, the 320 Hz pitch served as the CS+ (100% reinforcement rate), while the 541 and 914 Hz pitches were never paired with the white noise, allowing for generalization learning to occur across a gradient of pitches, (541 Hz serving as the GS1 and 914 Hz as the GS2). All tones were multiplied by a 41.2 Hz cosine envelope for a separate set of analyses not reported here (see our preregistration for more details). All auditory stimuli were presented through two Behringer Studio 50 speakers.



Auditory Aversive Generalization Task

Participants completed an aversive generalization task consisting of tones presented at three different pitches (i.e., CS+, GS1, and GS2) over a habituation and acquisition phase. Given that the task primarily required active listening, no practice trials were presented to participants. However, all participants were informed that they would be required to rate the sounds presented using a mouse to click a location on a scale presented several times throughout the experiment (i.e., SAM ratings). No white noise presentations occurred during the habituation phase (Figure 3A), and only the tone serving as a CS+ (i.e., 320 Hz) was paired with this US during the acquisition phase (Figure 3B). Participants completed a total of 240 trials (80 per condition), 120 in the habituation phase (40 per condition), and 120 in the acquisition phase. SAM ratings for each tone were acquired following trials 10 and 90 in each of the two phases, allowing for early and late behavioral assessments in both habituation and acquisition phases. The first and third trials in the acquisition phase were designed to be CS+, serving as booster trials to facilitate learning, and the remaining conditions were randomized, with the constraint that not more than 2 CS+ trials would occur in sequence. Each trial began with a central white fixation dot (0.8° of visual angle) presented throughout the entire task, excluding when SAM ratings were presented. Following a variable inter-trial interval (ITI; 1.85–3.50 s), a tone at a specific pitch was presented for 4 s. All stimuli were presented using Psychtoolbox code (Brainard, 1997) on a Cambridge research systems Display ++ monitor (1,920 × 1,080, 120 Hz refresh rate) at 120 cm distance from the participant, and auditory stimuli were presented through two Behringer Studio 50 speakers arranged symmetrically behind the participant at ear level, at a 30 cm distance. The entire experiment (i.e., completion of the task, survey measures, and EEG application) took approximately an hour and 15 min per participant.
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FIGURE 3. Trial flow of the auditory aversive generalization task. (A) The habituation phase presented a tone (each pitch) without any white noise US pairings. (B) The acquisition phase presented a tone (each pitch) with the lowest pitch being paired with the white noise US.





Data Acquisition and Signal Processing


Differential Aversive Conditioning

Continuous EEG data were recorded using an Electrical Geodesics (EGI) high-impedance system with a 128-channel (Ag-AgCl electrodes) HydroCel net. Online data were recorded at a 500 Hz sampling rate, referenced to the vertex sensor (Cz), with impedances kept below 60 kΩ. Online Peyk et al. (2011) Butterworth low-pass (3 dB point at 60 Hz) and high-pass (3 dB point at 0.1 Hz) filters were applied throughout recording. Data were then re-filtered offline using Butterworth low-pass (10th order, 3 dB point at 30 Hz) and high-pass (3rd order, 3 dB point at 1 Hz) filters, and were re-referenced to the average reference (i.e., averaged across all sensors). EEG data were segmented into epochs of 3.6 s (1,801 sample points), 600 ms (300 sample points) prior to the onset of the tone and 3,000 ms (1,501 sample points) following the tone onset. This 3,000 ms duration was selected as opposed to the 4,000 ms presentation time to prevent any artifactual confounds resulting from the presentation of the US within the final 1,000 ms. Epoched trials then underwent artifact rejection based on the Statistical Correction of Artifacts in Dense Array Studies (SCADS) procedure (Junghöfer et al., 2000), in which data quality indices (absolute value, standard deviation, and maximum of differences across time points) for each channel and trial were calculated. Eye movements were corrected with regression-based EOG correction methods (Schlögl et al., 2007, 2009) using HEOG and VEOG sensors. Participants with trials containing excessive artifacts (i.e., >50% of all trials rejected) were removed from analyses. This procedure resulted in an average 9.2 trials (SE = 1.30) of the total 40 trials per condition being rejected in the remaining participants used for analyses. Importantly, the total number of trials retained did not significantly differ between conditions within phases (habituation: CS+ = 32.0; GS1 = 33.7; GS2 = 33.9; acquisition: CS+ = 28.4; GS1 = 28.4; GS2 = 27.71), but differed between the habituation and acquisition phases, t(33) = 4.21, p ≤ 0.001, BF10 = 141.4.



Alpha-Band Power Quantification

Artifact-free single trial data were transformed into the time-frequency domain by convolving the EEG data with a family of complex Morlet wavelets with center frequencies (f) between 2.50 and 27.49 Hz, in steps of 0.2776 Hz. A Morlet constant (i.e., m) was calculated by dividing the center frequencies by the frequency smoothing value (i.e., sigma_f), using the formula: m = f/sigma_f = 10. This Morlet constant was chosen to optimize the trade-off between temporal smoothing (sigma_t) and frequency smoothing for the lower alpha-band frequencies targeted by the present research [i.e., sigma_f = 1/(2*pi*sigma_t)]. We obtained a sigma_f = 0.86 Hz and a sigma_t = 185 ms at our lowest center frequency of interest (i.e., 8.61 Hz). The absolute value of the convolution between that data and the complexed wavelets was obtained, and served as our estimate of time-varying power (Tallon-Baudry and Bertrand, 1999).

Next, all trials were averaged by condition, and total power was baseline corrected as the percentage change from a 222 ms interval preceding the tone onset (−422 to −202 ms prior to tone onset), to accommodate edge artifacts of the wavelet transform and account for temporal smoothing factors. We used baseline division given that alpha-band power was present in the baseline period, and the amount of reduction in percent has been shown to co-vary meaningfully with a range of experimental tasks (Jensen and Mazaheri, 2010; Foxe and Snyder, 2011). Alpha-band power was measured by averaging the time-varying power across wavelets ranging from 8.60 to 11.13 Hz.




Statistical Analyses


Overview

The dependent variables consisted of behavioral ratings of valence and arousal for each tone across habituation and acquisition phases of the aversive generalization task, and parietal alpha power. Auditory tolerance thresholds (i.e., hyperacusis LDL test) were included as covariates in our hierarchal linear model analyses of behavioral data. All frequentist analyses (e.g., repeated measures ANOVAs) included Greenhouse–Geisser adjustments when sphericity assumptions were violated. Significant main effects and interactions were decomposed using Bonferroni corrected comparisons. We also conducted Bayes Factor analyses to assess the degree of evidence supporting the null versus alterative hypothesis (Dienes, 2014, 2016; Jarosz and Wiley, 2014; Lee and Wagenmakers (2014); Wagenmakers et al., 2016, 2018a,2018b; Keysers et al., 2020; Lakens et al., 2020; van Doorn et al., 2021). Bayes Factor 10 (BF10) values are represented on a continuous scale, as opposed to the dichotomous scale affiliated with frequentist approaches (e.g., p-values). Although there is debate in terms of interpretation criteria for BF10 outcomes (see Jeffreys, 1939; Kass and Raftery, 1995; Jarosz and Wiley, 2014; van Doorn et al., 2021), many agree that BF10 scores near 0 provide strong support for the null hypothesis, with the strength of this evidence decreasing as the BF10 becomes larger, and thus evidence for the alternative hypothesis becoming strengthened. We chose multivariate Cauchy priors (fixed effects = 0.5, covariates = 0.354) given the possibility for any statistical test outcome being possible, resulting in a uniform prior distribution (Lee and Vanpaemel, 2018; van Doorn et al., 2021).



Behavioral Valence and Arousal

To assess how MSS scores influenced raw valence and arousal behavioral ratings, including their change from habituation to acquisition phases, we conducted hierarchal linear model analyses using maximum likelihood (ML) methods. First, we conducted a series of step-wise model testing, in which we began with an intercept-only model, with intercepts allowed to vary randomly by participant (level 3), and added a predictor variable in each model iteration, until the addition of predictor terms no longer significantly contributed explaining the variability of our valence/arousal measures. Specifically, we assessed the following variables in each of the respective iterations: (1) Phase (level 1), (2) Pitch (level 2), (3) MSS score (level 3), (4) Pitch × Phase (cross-level) and MSS score, (5) Pitch × Phase × MSS score (cross-level). Auditory tolerance threshold scores (level 3), measured using LDLs, and MSS scores were mean-centered, with the auditory tolerance threshold scores serving as covariates in all models. Our Pitch factor consisted of the CS+, GS1, and GS2 conditions (3 levels of the factor), and the Phase factor included early/late habituation and early/late acquisition (4 levels of the factor). Only fixed effects were assessed. Our model comparisons yielded a final model including the predictor variables of Pitch, Phase, Pitch × Phase, MSS score, and the covariate of auditory tolerance threshold (see Table 2 for model comparison breakdown).


TABLE 2. Raw behavioral data comparison outcomes.
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Next, we assessed the degree to which the valence and arousal ratings across CS+ and GS conditions fit one of the three learning models discussed above (i.e., generalization, sharpening, and all-or-nothing) within each behavioral assessment phase (i.e., early/late habituation and acquisition). This was done by computing a series of weights for each pitch (i.e., CS+, GS1, and GS2) based on our hypothesized gradient response pattern, with the sum of these weights equal to zero in each model (Figure 1). Specifically, the following weights were applied to each pitch in the respective model: generalization ∼ CS+ = 1, GS1 = 0.75, GS2 = −1.75; sharpening ∼CS+ = 1, GS1 = −1.5, GS2 = 0.5; and all-or-nothing ∼ CS+ = 2, GS1 = −1, GS2 = −1. These weights were multiplied for each pitch’s valence and arousal score, separately, within each phase. This resulted in a single value reflecting the relative strength of each model’s fit within each assessment phase. Importantly, greater values reflected stronger model fits for the behavioral data. Following the logic of our hierarchal linear model analyses for raw valence and arousal ratings, we conducted another series of step-wise model comparisons, including the same predictor variables in the order tested previously. However, we replaced the Pitch factor with a Model factor (i.e., generalization, sharpening, and all-or-nothing) to test the degree to which each model represented these behavioral data over each phase. These step-wise model comparisons resulted in a final model with the predictor variables of Pitch, Model, Pitch × Model, and the covariate of auditory tolerance threshold score (see Table 3). Critically, MSS score was not a significant contributor to predicting variability in model strength in valence or arousal, and was thus excluded in our final model.


TABLE 3. Modeled behavioral data comparison outcomes.
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Alpha-Band Power

Because of the higher dimensionality of EEG data (e.g., time and sensors in addition to conditions), we used a different approach for analyzing alpha-band power than what was done for self-reported valence and arousal. Two approaches were then taken for alpha-band power statistical analyses. First, time-varying alpha-band power (% change from baseline) was extracted in two separate time windows, one early (i.e., 300–800 ms post-tone onset) and one late (800–1200 ms post-tone onset), and averaged across a parietal sensor cluster containing the central parieto-occipital sensor POz and its 5 nearest neighboring sensors. The second approach used all sensors and time points, controlled by a mass-univariate permutation approach (Blair and Karniski, 1993), described in more detail below.

A 2 (Phase: habituation and acquisition) × 3 (Pitch: CS+, GS1, and GS2) mixed ANOVA was conducted for parietal alpha-band power to test the prediction that the CS+ in the acquisition phase would selectively elicit the largest response compared to all other conditions, including the CS+ in the habituation phase. Next, we computed a change score for each pitch (i.e., CS+, GS1, and GS2), from the habituation to acquisition phase. This was done by subtracting the raw alpha-band power value in a pitch condition’s acquisition phase from the alpha-band power in that same pitch condition’s habituation phase (i.e., acquisition – habituation = change score or Δ). This resulted in change scores of CS+Δ, GS1Δ, and GS2Δ. Similar to our behavioral analyses, we fit these change scores with our learning models (i.e., generalization, sharpening, and all-or-nothing), resulting in the final learning models: generalization ∼CS+Δ = 1, GS1Δ = 0.75, GS2Δ = −1.75; sharpening ∼ CS+Δ = 1, GS1Δ = −1.5, GS2Δ = 0.5; and all-or-nothing ∼ CS+Δ = 2, GS1Δ = −1, GS2Δ = −1. This was done for both alpha-band intervals (i.e., early and late).

After computing weighted alpha-band power change scores, we conducted F contrasts on the two selected time ranges (i.e., early and late) and the parieto-occipital electrode clusters to examine how similar the raw change scores for each pitch were to the predicted model trend (i.e., generalization, sharpening, and all-or-nothing). The same F-contrasts were also separately computed for each sensor and time point in the alpha-band power change score time series for the three pitches, resulting in a mass-univariate spatiotemporal map of F-values. These maps were controlled by a permutation technique (Blair and Karniski, 1993; McTeague et al., 2015), further described below in our correlational analyses with MSS scores, resulting in a permutation controlled threshold of Fcrit = 7.88. These maps served as manipulation and data quality checks, and were expected to indicate which learning model was most strongly fit our alpha-band power changes. To quantify the linear relationship between learning-induced alpha-band power changes and MSS score as a continuous variable, we quantified each variable’s fit with the three competing learning models for each participant, computing the inner product between the resulting three values per dependent variable (i.e., early alpha-band time window, late alpha-band time window, and mass univariate approach for alpha-band power), and the model weights for each learning model. These values represented a direct measure of the strength of learning-induced changes, and were then correlated with MSS using Pearson’s r correlations, with and without controlling for auditory tolerance threshold score.

For the mass univariate evaluation of correlations between learning model fits of alpha-band power change scores and MSS scores, we obtained Pearson’s r-values (corresponding to a significance level of 0.05) by calculating distributions of r-values on data shuffled between the conditions and within each participant (i.e., 1,000 permutations). Specifically, we randomly permuted the three change scores obtained for each pitch by subtracting alpha-band power in acquisition from habituation, randomly within each participant 1,000 times, and then computed F-values for each sensor and time point (Blair and Karniski, 1993). The same approach was taken when correlating learning model fits of alpha-band power change scores with MSS scores. Next, the minimum and maximum and of each Pearson’s r distribution was determined and stored in an rmin and rmax distribution, respectively, with each index having 1,000 values corresponding with the 1,000 permutations. The 2.5th and 97.5th percentiles from these rmin and rmax distributions were used as critical values. For the present data, these mass univariate correlation thresholds were −0.51 and +0.50. Only empirical correlations crossing this defined threshold were considered statistically significant.





RESULTS


Behavioral Outcomes


Raw Valence and Arousal

In the hierarchal linear model predicting raw valence scores from the predictor variables of Pitch, Phase, Pitch × Phase, MSS, and the covariate of auditory tolerance threshold, we observed a main effect of Pitch, F(2,374) = 27.19, p < 0.001, [image: image] = 0.13, BF10 = 32.61e + 5. The CS+ elicited significantly more negative valence ratings than GS1 [t(385) = 6.77, p < 0.001] and GS2 [t(385) = 5.67, p < 0.001], but GS1 did not significantly differ in valence than GS2, t(385) = −1.11, p = 0.808. A main effect of Phase was also found [F(3,374) = 15.68, p < 0.001, [image: image] = 0.11, BF10 = 10.87e + 2], with significantly more negative valence ratings being reported in early acquisition compared to early [t(385) = 5.46, p < 0.001] and late habituation, t(385) = 4.11, p < 0.001. Valence was also rated as more negative in late acquisition compared to early [t(385) = 5.25, p < 0.001] and late habituation, t(385) = 3.90, p < 0.001. No significant differences in valence between early and late habituation [t(385) = −1.35, p > 0.999], and early and late acquisition were observed, t(385) = 0.21, p > 0.999. In addition, we found a Pitch × Phase interaction [F(6,374) = 19.65, p < 0.001, [image: image] = 0.24, BF10 = 45.91e + 18], demonstrating that the CS+ during the acquisition phases was rated as more negative compared to the other GS and the CS+ in the habituation phases (Figure 4A). Post hoc Bonferroni comparisons for this interaction are reported in Supplementary Appendix Table 2. Importantly, we observed a main effect of MSS [F(1,34) = 7.41, p = 0.010, [image: image] = 0.18, BF10 = 620.78], such that valence ratings were predicted to be approximately 9.60 (95% CI [2.35, 15.78] pixels further to the right (i.e., more negative) for every unit increase in MSS (Figure 5A). Auditory tolerance threshold scores were non-significant in this model, F(1,34) = 1.07, p = 0.307, [image: image] = 0.03, BF10 = 0.65.
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FIGURE 4. Bar plots showing the raw and model strength scores for self-reported behavioral data. (A) The CS+ elicited more negative ratings than the other pitches, and this was driven by the acquisition phases. (B) The CS+ also was rated as more arousing than the other GSs, once more being primarily observed in the acquisition phases. (C) The All-or-Nothing model provided the best fit for valence rating data, an effect driven by the acquisition phases. (D) Arousal ratings were also better fit with the All-or-Nothing learning model, which was primarily found in the acquisition phases. Error bars represent ±1 standard error.



[image: image]

FIGURE 5. Scatter plots showing the association between self-reported behavioral variables and MSS scores. (A) Valence ratings, regardless of pitch or phase, were positively associated with MSS scores, even after controlling for auditory tolerance threshold scores. (B) MSS scores were positively related to arousal ratings across pitch and phase after controlling for auditory tolerance threshold scores.


Our model predicting arousal ratings yielded a main effect of Pitch [F(2,374) = 60.14, p < 0.001, [image: image] = 0.24, BF10 = 55.16e + 7], with the CS+ being reported as having greater arousal than the GS1 [t(385 = 10.01, p < 0.001] and GS2, t(385) = 8.53, p < 0.001. Arousal ratings did not significantly differ between the GS1 and GS2, t(385) = −1.48, p = 0.416. We also observed a main effect of Phase [F(3,374) = 38.05, p < 0.001, [image: image] = 0.23, BF10 = 10.87e + 6], with participants reporting significantly higher arousal ratings in early acquisition compared to early [t(385) = 7.65, p < 0.001] and late habituation, t(385) = 7.44, p < 0.001. Significantly greater arousal ratings were also reported in the late acquisition relative to the early [t(385) = 7.45, p < 0.001] and late habituation phases, t(385) = 7.23, p < 0.001. No significant differences in arousal were found between early and late habituation [t(385) = −0.21, p > 0.999] and early and late acquisition phases, t(385) = 0.20, p > 0.999. Similar to our valence findings, we observed a significant Pitch × Phase interaction [F(6,374) = 30.13, p < 0.001, [image: image] = 0.33, BF10 = 12.39e + 33], suggesting that participants rated the CS+ during the acquisition phases as being more arousing than the other GS and the CS+ in the habituation phases (Figure 4B). All post hoc follow-up comparisons for this interaction can be seen in Supplementary Appendix Table 2. MSS also had a main effect [F(1,34) = 12.77, p = 0.001, [image: image] = 0.27, BF10 = 57.98e + 3], such that arousal ratings were approximately 14.09 (95% CI [6.14, 22.04] pixels further to the right (i.e., more arousing) for every unit increase in MSS (Figure 5B). Unlike results for valence, auditory tolerance threshold scores significantly predicted arousal ratings, F(1,34) = 5.40, p = 0.026, [image: image] = 0.14, BF10 = 63.05. Specifically, arousal ratings were predicted to be 3.00 (95% CI [0.40, 5.61] pixels further to the right (i.e., more arousing) for every unit increase in auditory tolerance threshold score.

In summary, overall valence measures, regardless of pitch and experimental phase, were associated with MSS scores, but not with auditory tolerance threshold scores. In contrast, arousal ratings were associated with both MSS and auditory tolerance threshold scores, regardless of pitch and experimental phase. Nonetheless, the CS+ demonstrated more negative valence and greater arousal than the GS1 and GS2, which did not significantly differ. However, this effect only was found during the acquisition, as expected.



Learning Model Comparisons

The fit of generalization, sharpening, and all-or-nothing learning models to the rating data was examined next. The hierarchal linear model predicting model fit strength for valence from Pitch, Model, Pitch × Model, and the covariate of auditory tolerance threshold yielded a main effect of Model, F(2,374) = 9.74, p < 0.001, [image: image] = 0.05, BF10 = 1.45. Bonferroni post hoc comparisons indicated that the all-or-nothing model yielded significantly greater strength, or fit with the valence data, compared to the generalization [t(385) = −4.27, p < 0.001] and sharpening models, t(385) = −2.87, p = 0.013. The generalization and sharpening models did not significantly differ in model strength, t(385) = −1.40, p = 0.49. We also observed a main effect of phase [F(3,374) = 98.76, p < 0.001, [image: image] = 0.44, BF10 = 63.94e + 28], with late acquisition phase showing greater model strength compared to the early habituation [t(385) = −8.95, p < 0.001] and late habituation phases [t(385) = −10.65, p < 0.001], but weaker model strength than the early acquisition phase, t(385) = 3.69, p = 0.002. The early acquisition phase also held significantly greater model strength than the early habituation [t(385) = −12.64, p < 0.001] and late habituation phases [t(385) = −14.34, p < 0.001], and no significant differences in model strength were found between the early and late habituation phases, t(385) = 1.70, p = 0.541. A Model × Phase interaction was found [F(6,374) = 6.26, p < 0.001, [image: image] = 0.09, BF10 = 31.71e + 31], suggesting that the all-or-nothing model held the best fit for valence data, but primarily in the acquisition phases (Figure 4C). All post hoc comparisons for this interaction can be seen in Supplementary Appendix Table 3. Auditory tolerance threshold scores did not significantly predict model strength, F(1,34) < 0.01, p = 0.967, [image: image] < 0.01, BF10 < 0.01.

We found a main effect of Model [F(2,374) = 19.13, p < 0.001, [image: image] = 0.09, BF10 = 24.78] in our analysis predicting model strength for arousal ratings, such that the all-or-nothing model was a significantly better fit for arousal data than the generalization [t(385) = −5.94, p < 0.001] and sharpening models [t(385) = −4.12, p < 0.001], with these latter models showing non-significant differences in model strength, t(385) = −1.78, p = 0.226. A main effect of Phase was also seen [F(3,374) = 136.02, p < 0.001, [image: image] = 0.52, BF10 = 48.56e + 36], with early acquisition showing greater model fit than late acquisition [t(385) = 4.99, p < 0.001], early habituation [t(385) = −14.01, p < 0.001], and late habituation phases, t(385) = −17.72, p < 0.001. Model strength in the late acquisition phase was also a better fit for arousal data compared to model strength in the early habituation [t(385) = −9.02, p < 0.001] and late habituation phases [t(385) = −12.73, p < 0.001], and the early habituation phase arousal data had greater model strength than the late habituation phase, t(385) = 3.71, p = 0.001. Similar to our valence results, we also obtained a Model × Phase interaction [F(6,374) = 9.29, p < 0.001, [image: image] = 0.13, BF10 = 48.39e + 43], with the main findings of our Bonferroni post hoc comparisons (Supplementary Appendix Table 3) demonstrating the all-or-nothing model held the best fit for the arousal data, but this was only the case in the acquisition phases (Figure 4D). Auditory tolerance threshold scores were non-significant in predicting model strength, F(1,34) = 0.57, p = 0.455, [image: image] = 0.02, BF10 = 0.206.

Taken together, these outcomes suggests that neither MSS nor auditory tolerance threshold scores account for the variability in predicting valence ratings based on different learning models. Similar model strength outcomes were also observed for arousal ratings, with neither of these predictor variables significantly contributing to model strength. Despite these outcomes, our behavioral data suggests the all-or-nothing model was a better fit for both valence and arousal data compared to the generalization and sharpening models, but only during acquisition.




Alpha-Band Power Outcomes

Parietal alpha-band power was present throughout the baseline segment, and showed the expected parietal topographical distribution (Figure 6A). The tone onset prompted decrease in parietal alpha-band power, which spanned a frequency range from 8 to 12 Hz across a time window between 300 to 1,200 ms post-pitch. As described above, alpha-band power averaged separately across time points into two adjacent analytical windows (i.e., 300–800 ms and 800–1200 ms), to examine the temporal dynamics of this dependent variable (Figure 6B). The topographical distribution of this decrease in alpha power (Figure 6C) indicated that alpha-band power was reduced at temporal sites, in addition to the expected parieto-occipital locations. These outcomes demonstrate reduced alpha-band power at expected topographical sites following the onset of the tone, replicating robust findings for its involvement in attentional processing (Frey et al., 2014; Deng et al., 2019, 2020).
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FIGURE 6. Grand mean time-frequency changes, with a focus on power reduction in the alpha-band (8–12 Hz). (A) Topography of the grand mean (n = 34) alpha power during the pre-tone baseline segment demonstrated a typical parietal alpha-band power topography. (B) Grand mean time-frequency representation of baseline-adjusted power changes at sensor POz and its 5 nearest neighboring sensors. (C) The topography of the alpha-band power reduction relative to baseline, averaged across a time range from 300 to 1,200 ms following the onset of the pitch.


Results from our repeated measures ANOVA comparing differences in transient alpha-band power reduction in response to tone onset from acquisition to habituation yielded a main effect of Pitch, F(2,66) = 4.41, p = 0.016, [image: image] = 0.14, BF10 = 3.79 (Figure 7). This main effect was examined using three F-contrast analyses performed for each learning model on the difference score in alpha-band power from habituation to acquisition, computed for each pitch. F-contrasts across the three values were then computed using the weights corresponding to the three competing learning models, as described above (Figure 7). Specifically, the following linear contrasts were observed for early window time points (i.e., 300–800 ms): generalization [F(1,68) = 3.3, p = 0.043], sharpening [F(1,68) = 1.6, p = 0.141], and all-or-nothing, F(1,68) = 6.3, p = 0.007. For late window time points (i.e., 800–1,200 ms) the following contrasts were observed: generalization [F(1,68) = 0.6, p = 0.379], sharpening [F(1,68) = 4.9, p = 0.016], and all-or-nothing, F(1,68) = 6.2, p = 0.008. These initial F-contrast tests suggested evidence for the all-or-nothing models across both early and late time windows of alpha-band power changes between habituation and acquisition. However, we conducted mass univariate analyses to ensure these outcomes were robust and not a product of the sensors or time points selected.
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FIGURE 7. Effects of aversive generalization learning on stimulus-induced power changes in the alpha frequency band. (Left) Grand mean (n = 34) changes in alpha-band power, averaged across a posterior cluster of POz and its 5 nearest neighboring sensors, and across a time window of 300–800 ms post-stimulus (i.e., early time window). Note the strong alpha-band power reduction for the CS+ stimulus in acquisition, compared to habituation, indicative of learning effects. (Middle) The change in alpha-band power from habituation to acquisition for the three pitches is consistent with the All-or-Nothing learning model, reflecting discrimination learning to the GS1. (Right) Converging findings were seen in the mass univariate analysis of the early time window, submitting each sensor’s alpha-band power change score to fitting the linear contrast corresponding to each learning model. Most support was seen for the all-or-nothing discrimination model.


The mass univariate analyses for each time point and sensor, controlled by Fmax permutation distributions, yielded converging results demonstrating strong evidence for the all-or-nothing learning model and weak evidence for the Generalization learning model in the early time window at parieto-occipital sites (Figure 7). Specifically, the permutation-controlled threshold was exceeded for the early time window (i.e., 300–800 ms) at three adjacent parieto-occipital sensors. We also observed strong evidence for the all-or-nothing model, and the sharpening model at the same sites in the later time window (i.e., 800–1,200 ms). None of the other model-based contrasts crossed the permutation-based threshold at any electrode or time point. Thus, changes in alpha-band power reduction were strongest for the CS+, and held a better fit with the all-or-nothing learning model.

Participants’ MSS scores were differentially associated with our learning models. This was observed by computing the inner product of each model with the corresponding alpha-band power differences, resulting in a single value per subject, electrode, and time point that reflected the fit of the respective model with our alpha-band power data. This value, for both early and late time windows, was then correlated across participants’ MSS scores obtained for averaged alpha-band power in early and late windows. This was also done in a mass-univariate fashion, for each sensor and time point. Again, the two analyses converged, showing that individuals with higher MSS scores showed more pronounced all-or-nothing learning model in the early time window, and that this correlation was greatest at parieto-occipital sites (Figure 8). Correlations were unaffected by co-varying out Hyperacusis thresholds, which were not associated with MSS scores in this sample, r = 0.03. No significant correlations between MSS and learning-induced changes were observed in the late time window in the mass-univariate analysis nor for the selected time and electrode averages. A subsequent exploratory analysis examining this linear relationship is further illustrated in Figure 9, in which we analyzed alpha-band power in two groups: those reporting the highest MSS and those with the lowest MSS (i.e., 10 per group). As in our continuous analyses, the high MSS group showed greater changes in alpha-band power reduction for the CS+, with their data fitting an all-or-nothing model stronger than those in the low MSS group. This suggests that individuals with endorsing higher scores on the MSS also exhibit stronger decreases in alpha-band power changes from habituation to acquisition phases in response to the CS+ versus the other GS conditions. More importantly, the all-or-nothing learning model was a stronger fit for these data in individuals with greater MSS.
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FIGURE 8. Linear relation between posterior alpha-band power changes and MSS. (Left) Scatter plot showing the relationship between the All-or-Nothing learning model (i.e., selective alpha-band power reduction for the CS+, with little to no change for the GS1 and GS2) fit with parieto-occipital alpha-band power changes, and correlated with the MSS score of each participant. Alpha-band power reduction was computed by averaging time-varying power changes (acquisition minus habituation) in a time window from 300 to 800 ms post-tone onset (i.e., early time window), across sensor POz, and its 5 nearest neighboring sensors. (Right) Mass univariate analysis of correlations between the All-or-Nothing model fit applied to alpha-band power changes and MSS scores, with Person’s r-values between these variables color coded. The results of this analysis converged with the window average analysis in the left panel. A cluster of posterior sensors (dark red) crossed the permutation-controlled threshold for statistical significance (r > 0.50), during an interval of 520 to 640 ms. The topographical distribution of this effect shows the mean correlation in that time window, following Fisher-z transformation, averaging across time points, and re-transformed to correlation coefficients.
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FIGURE 9. Illustration of differences in generalization learning as a function of MSS score. The present report considered MSS scores as a continuous variable. To illustrate the correlation between MSS scores and All-or-Nothing model fit, this figure shows the mean changes in alpha-band power, with learning-induced changes expressed as the difference score, for the 10 individuals with the highest and lowest MSS. Consistent with the positive correlation between the All-or-Nothing learning model fit of alpha-band power changes and MSS scores as a continuous variable, individuals with high self-reported Misophonia symptoms displayed strong discrimination learning, with no generalization or sharpening present. By contrast, participants in the low MSS group (i.e., 10 participants with lowest MSS scores), showed little learning effects and displayed some evidence of generalization.





DISCUSSION

The present preliminary report from an ongoing project aimed to identify the extent to which aversive generalization learning is systematically related to self-reported Misophonia symptoms. Pavlovian learning has long been hypothesized to be involved in the etiological nexus of Misophonia (Jastreboff and Jastreboff, 2001, 2015), as a cause or contributory factor. More recently, others have theorized that emotional responses to orofacial “trigger” sounds can be generalized to various environmental auditory stimuli (Dozier, 2015; Kumar et al., 2021; Vitoratou et al., 2021a) through associative learning. Because generalization learning has also yielded promising findings in fear and anxiety-related disorders (Lissek et al., 2005; Reinhardt et al., 2010; Duits et al., 2015), which share common symptomology with Misophonia (Ginsburg et al., 2006; Hadjipavlou et al., 2008; Edelstein et al., 2013; Wu et al., 2014; Dozier, 2015; Webber and Storch, 2015; Zhou et al., 2017; Quek et al., 2018; Erfanian et al., 2019; Potgieter et al., 2019; Jager et al., 2020; McKay and Acevedo, 2020), we examined the extent to which individuals differing in Misophonia symptoms varied in auditory aversive generalization learning. A classical conditioning approach was used to pair one of three initially neutral pitches of a sine-wave tone with a loud noise. Three dependent variables with known sensitivity to generalization learning were considered: self-reported valence and emotional arousal in response to each pitch (McTeague et al., 2015; Plog et al., 2022), as well as stimulus-induced reductions in parieto-occipital alpha power, a brain response linked to the attentive processing of aversively conditioned cues, auditory or visual (Miskovic and Keil, 2012; Yin et al., 2020; Friedl and Keil, 2021). Self-reported symptoms on the MSS were used to quantify the intensity of Misophonia symptoms in each participant.

Manipulation checks indicated that all dependent variables showed strong effects of the conditioning regimen, with selective responses to the CS+ apparent across the entire sample. Specifically, these effects were isolated to the acquisition phase, demonstrating participants learned the contingencies between each pitch of the sine-wave tone and the US. Comparing three prototypical models of generalization, we found that an all-or-nothing discrimination learning model was most pronounced across the sample, with little evidence for competing generalization and sharpened tuning models. All-or-nothing learning occurs when individuals respond selectively to the CS+, but do not respond differentially to the generalization stimuli, despite their similarities in physical characteristics (Friedl and Keil, 2020). As such, individuals responding in this pattern effectively identify and differentiate a stimulus based on specific attributes from other stimuli sharing similar properties.

For self-reported valence and arousal ratings, the CS+ elicited the most negative and arousing ratings, and this occurred primarily in the acquisition phase. Importantly, we also found strong evidence that heightened Misophonia symptoms are associated with more negative and greater arousal ratings for the sine-wave tone, regardless of pitch or the phase in which the tone was presented (i.e., habituation or acquisition) in the conditioning paradigm. This effect was not related to auditory tolerance threshold scores, determined through LDLs. However, auditory tolerance threshold scores did predict arousal, or intensity, ratings for the tone, regardless of pitch and experimental phase. Importantly, no interactions were found involving MSS. Thus, although MSS was strongly related to affective ratings of the tones at baseline, these findings suggest that the conditioning-induced change in affective ratings (i.e., valence and arousal) as well as the amount of generalization learning as reflected specifically in ratings did not vary as a function of Misophonia symptoms in the present sample.

Examination of the overall fit of our competing learning models to both valence and arousal data revealed that the strength of the models was not related to Misophonia symptoms, nor did the overall fit of any of our models vary based on MSS scores. Instead, we observed evidence supporting the all-or-nothing discrimination learning model, an effect that was mostly prominent in the acquisition phase. These analyses controlled for auditory tolerance threshold scores, which also were unrelated to model fit. These findings indicate that, regardless of the degree of Misophonia symptoms endorsed, individuals’ valence and arousal ratings were selectively higher for the CS+ compared to the other GS, and that responses to these latter stimuli were similarly low. Thus, participants were able to clearly distinguish the CS+ from other stimuli sharing similarities in auditory properties.

Parieto-occipital alpha-band power reduction has long been associated with responses to a salient external event, regardless of sensory modality (Berger, 1929; Friedl and Keil, 2021). Recently, these changes have been shown to index aversive conditioning, including generalization learning (Friedl and Keil, 2020; Yin et al., 2020). Consistent with the self-reported behavioral findings, we found that alpha-band power reduction showed pronounced activity patterns best fit by an all-or-nothing learning model across all participants at the predicted parieto-occipital regions where alpha power during rest is maximal. Specifically, the CS+ prompted pronounced alpha power reduction after, compared to before, conditioning, consistent with attentive processing. By contrast, both GS induced relative alpha power enhancement, consistent with reduced attention to these auditory cues. Quantifying the all-or-nothing pattern, along with two additional model-based patterns, showed the best fit of the all-or-nothing learning model both in a region-of-interest analysis and in a permutation-controlled mass univariate analysis. Neither the generalization nor sharpening learning models fit the empirical EEG data. Interestingly, MSS scores showed a strong positive linear relationship with the all-or-nothing learning pattern at parieto-occipital alpha locations, indicating that individuals endorsing Misophonia symptoms showed more pronounced discrimination learning. However, there was no evidence of generalization learning and limited evidence for sharpened tuning being associated with MSS scores. These results do not support the hypothesis that Misophonia is associated with heightened generalization (i.e., overgeneralization). Although overgeneralization may be present at other levels of analysis, such as sensory evoked responses or auditory cortical fMRI-BOLD, neither self-reported valence and arousal, nor alpha-band power reduction suggests that overgeneralization is related to Misophonia during a laboratory-based auditory conditioning regimen. In contrast, very strong linear relations were observed between MSS scores and affective ratings of valence and arousal, and this association was independent of the psychophysics-based proxy of hyperacusis used in the present study (i.e., auditory tolerance threshold). These main effects suggest that sine-wave tones, while tolerated, evoked greater self-reported feelings of aversive/defensive affect and arousal in those with Misophonia, regardless of their learned attributes and role in the conditioning paradigm. Such heightened aversive/defensive sensitivity in Misophonia has been discussed in the literature and has prompted discussions regarding the demarcation of Misophonia and hyperacusis or related conditions associated with sound aversion (Aazh et al., 2018; Jager et al., 2020).

At the level of parieto-occipital alpha-band power changes measured through scalp EEG, there was also strong evidence of an effect of MSS score, but this effect depended on the role a stimulus played in the generalization learning protocol. In contrast to the notion that Misophonia is associated with heightened generalization learning (overgeneralization), we observed heightened discrimination learning (all-or-nothing) in individuals endorsing high levels of Misophonia. However, Participants with lower MSS scores displayed less evidence of learning in their alpha-band power changes, and anecdotally displayed relatively heightened generalization compared to high MSS individuals. A larger sample is needed to characterize these differences, but they are consistent with the notion that individuals endorsing Misophonia symptoms display discriminating response patterns across a generalization gradient, such that they efficiently isolate an auditory CS+ from other similar stimuli sharing similar physical properties. In contrast, those without Misophonia may be less adept at being able to discriminate an auditory cue paired with a noxious event from other similar sounds.

Individuals with Misophonia endorse orofacial sounds as primary “trigger” cues (Jastreboff and Jastreboff, 2003, 2015; Edelstein et al., 2013; Schröder et al., 2013; Duddy and Oeding, 2014; Kumar et al., 2021; Vitoratou et al., 2021a; Swedo et al., 2022). In addition, others have proposed that these adverse emotional responses can generalize to other environmental sounds, which may not be orofacial in nature (Dozier, 2015; Kumar et al., 2021). Supporting this notion, Vitoratou et al. (2021a) found that individuals sensitive to orofacial sounds were also likely to have adverse reactions to environmental sounds, such as tapping keyboard or rustling paper. However, their results also indicated that a listener’s ability to discriminate “trigger” cues from other similar sounds largely relied upon individuals’ sound sensitivity. Specifically, environmental cues providing little information were clustered as having lower discrimination abilities (e.g., clocks, nails, etc.), such that they held lower sensitivity to be detected. In contrast, other sounds (e.g., car engine, rustling, and tapping) providing more information held greater sensitivity and were easier to discriminate. Taking these findings into account, it could be argued that the all-or-nothing discrimination model is most likely to occur for impoverished stimuli, such as pure tones. However, more research is required with different and more naturalistic auditory cues.

As noted above, the present study is limited by its preliminary nature owed to the still evolving sample. As such, several considerations should be taken regarding these outcomes. First, our sample size is limited (i.e., 34), and primarily consisted of undergraduate students from the University of Florida. As such, larger and more encompassing sample sizes may detect effects related to overgeneralization. In addition, studies with significantly larger sample sizes will be capable of appropriately co-varying other personality traits, such as neuroticism, that may have contributed to our findings. In a similar vein, averages scores on the MSS were 9.55, below Wu et al. (2014) recommended threshold for the presence of Misophonia. Given this, our sample was largely more non-misophonic. Third, our measurement of Misophonia symptomology was restricted to the use of the MSS subscale, which may not have as psychometrically sound as other Misophonia measures (Siepsiak et al., 2020; Rosenthal et al., 2021; Vitoratou et al., 2021b). For example, the MSS only assesses seven symptoms of Misophonia. In contrast, the Duke Misophonia Questionnaire measures several features of Misophonia, including affective, physiological, and cognitive symptoms in respective subscales.

Several conceptual limitations should also be considered regarding these preliminary results. Although we did not observe evidence of generalization mechanisms in Misophonia for the outcome measures reported on here, indices of other physiological processes involved in Pavlovian learning may well indicate generalization, paralleling a plethora of studies in aversive conditioning research (Hamm and Weike, 2005). It may also be the case that although generalization learning was not observed here, this does not rule out Pavlovian processes as an etiological mechanism in Misophonia. In addition, our study did not include formal auditory evaluations of participants using an audiologist, and only included assessment of LDLs. Thus, we may not have fully captured all dimensions of hyperacusis, and we were unable to rule out individuals experiencing tinnitus. In addition, future analyses will be able to examine additional variables, such as pupil diameter change, auditory steady-state responses, and fMRI BOLD during auditory aversive generalization learning. The results of such work will be in a better, more adequately powered, position to give a more complete picture of the robustness of the effects observed here, as well as examine the potential usefulness and psychometric properties of indices of aversive generalization learning for characterizing Misophonia.
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Misophonia involves a decreased tolerance to certain sounds and is associated with a range of emotions and emotion processes. In addition to the distress caused by misophonia, some individuals report having aggressive outbursts and significant impact on doing things they would like to be able to do. This study aimed to examine whether misophonia-specific cognitive and emotional processes were associated with misophonic outbursts and impact, and whether these relationships could be explained in part by emotion processes not specific to misophonia. A sample of 703 individuals, 315 of whom identified with having misophonia, completed measures of misophonia, depression and anxiety symptoms, anxiety and disgust sensitivity, interoception and beliefs about emotions. Exploratory correlation and regression analyses were used to build mediation models, which were tested using multiple linear regression. Externalising appraisals (blaming others for causing one’s reaction to sounds) were positively associated with misophonic outbursts, and this relationship was partially explained by anxiety symptoms and disgust sensitivity. Sense of emotional threat in misophonia predicted functional impact of misophonia, and this was partially explained by depression symptoms and negative beliefs about emotions. Anxiety sensitivity and interoception were not significant independent predictors of misophonic outbursts or functional impact. These results provide support for the relevance of emotion processes in misophonia and highlight the importance of using multi-dimensional measures of misophonia to improve our understanding of the condition.

Keywords: misophonia, S-Five, misophonic outbursts, misophonic impact, disgust sensitivity, emotion processes


INTRODUCTION

Misophonia is characterised by decreased tolerance to select sounds that might be only mildly aversive to others, which can lead to intense emotional, physical and behavioural reactions and functional impairment (Swedo et al., 2021). Current research suggests that its aetiology is complex, possibly influenced by individual perception, past experiences, context, acoustic features of sounds (Jastreboff and Jastreboff, 2002; Bernstein et al., 2013; Rouw and Erfanian, 2018) and atypical connectivity in the brain (Kumar et al., 2017). In addition to the distress caused by misophonia, there are negative outcomes in terms of aggressive outbursts and the impact of the disorder on being able to live a full and productive life (Swedo et al., 2021; Vitoratou et al., 2021).

One study found that although patients frequently reported fears about resorting to violence, physical outbursts in misophonia were rare (Jager et al., 2020). This was supported by the psychometric analysis of the S-Five, a measure of misophonia severity, in a sample of individuals identifying with the condition (Vitoratou et al., 2021). Within the “Outburst” factor, mean scores were approximately 5 (out of a possible 10) on items about shouting, verbal aggression and worries about acting on violent thoughts, and lower for physical aggression (mean 2.7 out of 10) and violence (2.3).

It is not clear what factors contribute to an individual’s tendency to have verbal or physical outbursts in misophonia. Anger is one of the most frequently reported emotions in response to trigger sounds (Schröder et al., 2013; Vitoratou et al., 2021), but the frequency of anger reactions to triggers has only a low correlation with outbursts (Vitoratou et al., 2021). Two studies examined the relationship between misophonia severity and general anger outbursts (i.e., not misophonia-specific), and found that the relationship was partially mediated by the presence of anxiety symptoms (Wu et al., 2014; Zhou et al., 2017).

Another study found that anxiety sensitivity, a relatively stable, transdiagnostic trait related to fearful beliefs about anxiety symptoms (Hovenkamp-Hermelink et al., 2019), strengthened the relationship between misophonia symptoms and aggression (Schadegg et al., 2021). That is, at higher levels of anxiety sensitivity (more fear of anxiety sensations), misophonia was more strongly associated with aggression. However, this study did not control for anxiety symptoms, which are also associated with anxiety sensitivity (Wheaton et al., 2012). It is therefore not clear whether it is current symptoms of anxiety or the trait of anxiety sensitivity, or both, that influences the relationship between misophonia and general aggressive outbursts.

The studies described above did not examine aggression in the context of misophonia-specific outbursts, focusing instead on general aggression and outbursts. Barahmand et al. (2021) examined traits of dealing with emotions as predictors of misophonic behaviour, which included misophonia-specific aggression. They found that disgust sensitivity was associated with misophonic behaviours, but this relationship was fully mediated by emotion dysregulation. They proposed that misophonic behaviours emerge from an interplay of emotions and cognitive processes.

Misophonia-specific outbursts are captured in one of the dimensions of the S-Five scale (Vitoratou et al., 2021). In the initial psychometric analysis of this scale, outbursts were positively associated with all the other dimensions of the scale: internalising and externalising appraisals, sense of emotional threat and functional impact. Given that aggression is associated with other-directed blame (Kulik and Brown, 1979), the association between misophonic outbursts and externalising appraisals is worth exploring further. Individuals with misophonia have expressed negative assumptions about the character of those making unpleasant sounds (Edelstein et al., 2013; Rouw and Erfanian, 2018; Vitoratou et al., 2021), as captured in the externalising factor, but it is not yet clear whether there is a direct or indirect relationship between these interpretations in the moment and aggressive outbursts.

Outbursts in misophonia were also associated with symptoms of depression and anxiety, and functional and social impairment (Vitoratou et al., 2021). Further research into predictors of misophonia-specific outbursts would be helpful for identifying potential targets to address this negative outcome for individuals with misophonia.

Beyond outbursts, individuals living with misophonia also report impact on social and occupational functioning (Edelstein et al., 2013; Rouw and Erfanian, 2018), loss of enjoyment (Hocaoglu, 2018), not being able to go places and see the people they would like to see and concern about future impact of the condition (Vitoratou et al., 2021). In a study of 828 individuals with self-identified misophonia, an average score of 45 out of a possible 50 was found for the S-Five variable described as emotional threat, which captures a sense of misophonia-specific emotional dysregulation, with items about feeling distressed, trapped and helpless if unable to get away from sounds (Vitoratou et al., 2021). If day-to-day sounds like eating and breathing can potentially lead to such intense reactions, it is not surprising that individuals with misophonia would report limited lives and concerns about future opportunities. As yet, it is not clear which psychological processes may contribute to greater impact of misophonia, in terms of the perceived limitations of misophonia on daily functioning and concerns about future functioning. To our knowledge, there is no prior research examining this specifically.


Summary and Aims of the Study

Existing research has shown us that symptoms of misophonia are likely associated with a range of emotion processes. Based on the literature, it seems that there are several potential emotion processes associated with misophonia, including an increased propensity to experience certain emotions (Barahmand et al., 2021), awareness of bodily sensations connected to emotions (interoception; Kumar et al., 2017; McKay et al., 2018), beliefs about the nature and consequences of sensations caused by emotion (e.g., anxiety sensitivity; Schadegg et al., 2021) and the presence of symptoms of disorders related to emotional health, such as anxiety and depression (Erfanian et al., 2019; Jager et al., 2020).

Further investigation is needed to improve our understanding of the role of these emotion processes in misophonia. We also need research to distinguish between misophonia-specific processes (e.g., a sense of uncontrollable emotions in the presence of sounds) and general processes (e.g., believing that one’s emotions are uncontrollable, in general).

The aim of this exploratory study was to examine these processes in a sample of both individuals who identify with having misophonia and individuals who do not identify with having misophonia. We aimed to examine this specifically in relation to two negative outcomes in misophonia: aggressive outbursts or fear of having outbursts (henceforth “outbursts”) and the perceived impact in terms of limitations on functioning (henceforth “functional impact”). We theorised that misophonia-specific variables would be significant predictors of the outcome variables and aimed to investigate whether these relationships could be partially or fully explained by variables related to emotions and general emotion processing.

Specifically, we hypothesised misophonic outbursts would be predicted by the S-Five variable of externalising appraisals, that is, the tendency to put blame for one’s reactions to sounds on to the person making the sound. We also hypothesised that functional impact would be predicted by the S-Five variable of emotional threat.

Drawing from the existing misophonia literature, the additional predictor variables we examined were interoception, disgust propensity and sensitivity, anxiety sensitivity, beliefs about emotions and symptoms of depression and anxiety. As there were no previous studies examining these variables in the context of misophonia-specific outcomes at the time of designing the research, we did not form any a priori hypotheses regarding their possible impact. Instead, we aimed to develop models to be tested in an exploratory study.




MATERIALS AND METHODS


Recruitment

As part of a wider project studying misophonia, participants were recruited from two different sources. The sampling service Prolific was used to recruit participants from the general population. To ensure our sample also included a large number of individuals experiencing symptoms of misophonia, we also recruited from misophonia support groups on social media (e.g., Facebook). Inclusion criteria included being older than 18 years old, with enough fluency in English to complete the questionnaire, and without any severe learning disabilities. Attention-check items were included in the survey and participants were removed if they did not complete these satisfactorily. All participants gave informed consent before beginning the survey.



Measures

Information on the participants’ age, gender, ethnicity, education and occupation were collected. During this process, participants were also asked whether they self-identify with having misophonia (yes, no or unsure). Participants were then presented with the list of measures listed below.


Selective Sound Sensitivity Syndrome Scale

The S-Five is a multidimensional tool for measuring misophonia severity (Vitoratou et al., 2021). It has five distinct factors: internalising and externalising appraisals, emotional threat, outbursts and functional impact. The five factors demonstrated satisfactory internal consistency (α ≥ 0.83) and stability in time (stability coefficients >0.80 in all items and factors; Vitoratou et al., 2021). The supplementary trigger checklist of the S-Five was not used in the present study.



Anxiety Sensitivity Index-3

The ASI-3 (Taylor et al., 2007) is an 18-item inventory that measures anxiety sensitivity, the fear of sensations related to anxiety, across three dimensions: physical, cognitive and social concerns. All three subscales have demonstrated high reliability in internal consistency in both clinical and non-clinical samples (α > 0.70).



Body Consciousness Questionnaire

The BCQ (Miller et al., 1981) is a 15-item self-report questionnaire measuring three components: public body consciousness, body competence and private body consciousness. Participants completed the whole scale, but only the private body consciousness subscale (α = 0.69) was used in this study for the purpose of measuring interoception, one’s awareness of internal bodily sensations. This subscale was found to be higher in those with misophonia than without (Kumar et al., 2017), and there was no current theoretical rationale for inclusion of the other two subscales. All subscales have demonstrated high test–retest reliability.



Disgust Propensity and Sensitivity Scale-Revised

We used the 12-item, shortened version of the DPSS-R (Fergus and Valentiner, 2009), the full version of which contains 16-item (van Overveld et al., 2006). The items are measured on a five-point scale (from never to always) and form two factors. Disgust propensity is the ease of which one is disgusted, whilst disgust sensitivity is how bothered an individual is by their disgust (van Overveld et al., 2006). Both reduced-item subscales show good internal consistency, at α = 0.83 for disgust propensity and α = 0.80 for disgust sensitivity and share a moderate to strong correlation (r = 0.59) with one another (Fergus and Valentiner, 2009). In the present study, we used the combined propensity and sensitivity, henceforth referred to as disgust sensitivity.



Generalised Anxiety Disorder-7

The GAD7 is a widely used, valid and reliable scale measuring symptoms of anxiety (Spitzer et al., 2006). It has seven items, each measuring the frequency of symptoms (from not at all to nearly every day).



Leahy Emotional Sensitivity Scale-II

The Leahy Emotional Sensitivity Scale-II (Leahy, 2012; Unpublished Manuscript)1 consists of 28 items measuring 14 dimensions, with a six-point ordinal response scale measuring negative beliefs about emotions (e.g., “I feel ashamed of my feelings”), with higher scores indicating more negatively held beliefs.



Patient Health Questionnaire-9

The PHQ9 is a widely used measure of symptoms of depression (Kroenke et al., 2001). It has nine items, each measuring the frequency of symptoms (from not at all to nearly every day) and has good validity and reliability.




Data Analysis

In this work, we focused on two main models. First, we studied the effect of the externalising factor on outbursts, followed by the effect of the threat factor on functional impact. In both models, we adjusted for age, gender, identifying as having misophonia or not and a set of covariates. The set of covariates was identified in the literature and was verified first by exploring the inter-correlations between the measures used in the study. That is, pairwise correlations of the key variables of interest (interoception, anxiety sensitivity, disgust sensitivity, beliefs about emotions, anxiety symptoms, depression symptoms, as well as the S-Five total score and factors, along with age and gender) were examined separately for those who identified with and without misophonia. Variables that did not show significant correlations were removed from consideration.

Next, forward stepwise linear regression was conducted to build comprehensive models. At each step, all possible combinations of predictor variables were entered, and any variables found to be non-significant at any step in this process were removed. We chose a stepwise selection procedure to account for possible multicollinearity between predictor variables. Significant variables were carried forwards to the next step, increasing the number of variables in the model until the best fitting model was found. This process yielded the models with the combinations of variables that explained the largest amount of the outcome’s variability, as determined by the model’s R2 value, the percentage of variability explained by the included variables. The resulting models were carried forwards into mediation analyses.

Lastly, parallel mediation analyses were carried out with the PROCESS macro (Hayes, 2017), which uses the theoretical Sobel test and Baron and Kenny’s four steps to determine mediation (Baron and Kenny, 1986), as well as a bootstrapping procedure to test the hypothesis. Unstandardised indirect effects were computed for each of 5,000 bootstrapped samples, and the 95% CI was computed by determining the indirect effects at the 2.5th and 97.5th percentiles. All data analyses were conducted on IBM SPSS Statistics for Windows (Version 26.0. Armonk, NY: IBM Corp).




RESULTS

A total of 728 participants submitted completed surveys. Of these, 25 were removed for not satisfactorily passing attention check items, leaving a total sample of 703. Within this, 396 were recruited from the sampling service Prolific, and 307 were recruited from misophonia groups on social media. Participants were then split into two groups based on their answer to the question, “Do you identify with having misophonia?” Those who responded yes were labelled as “Identifying with having misophonia” and those who said no, or that they were unsure, were labelled as “Not identifying with having misophonia.” Participant demographics are presented in Table 1 and comparisons between the two groups all variables of interest are presented in Table 2. Comparisons between means are presented for variables with normal distributions and comparisons between medians are presented for skewed variables.



TABLE 1. Demographic characteristics of the study sample.
[image: Table1]



TABLE 2. Descriptive indices and comparison between groups.
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The pairwise correlations between the variables of interest are presented in Table 3. Externalising was moderately correlated with the outburst subscale. Similarly, threat was moderately correlated with the functional impact subscale. We therefore retained these main relationships of interest for further exploration of our hypotheses. Interoception was not significantly correlated with any of the four target variables in the sample identifying with misophonia and was therefore not carried forwards into the next stage of analysis. All other variables were positively correlated with our four main variables of interest, and with overall misophonia severity, and were therefore retained for the next stage of analysis.



TABLE 3. Intercorrelations for variables of interest in those identifying (and not) with misophonia.
[image: Table3]

For all the retained variables, correlations were significant in both groups (i.e., those identifying with misophonia and those who did not). We therefore combined the samples at this stage to increase the power of our remaining analyses. In each subsequent analysis, we first controlled for whether participants identified with having misophonia or not.


Main Effects Analysis

In the forward stepwise regression, predictors were added one at a time, and in each model tested, any variables found to be non-significant were removed. Figure 1 summarises the process of building the models to be tested in the mediation analyses, showing the point at which non-significant variables were removed. We present the regression results for only the final models that emerged from this process (see Table 4; full stepwise regression results available on request).

[image: Figure 1]

FIGURE 1. Exploratory process of building models to test in mediation analyses.




TABLE 4. Regression models for misophonia outcomes outbursts and impact.
[image: Table4]

For the dependent variable outbursts, the final model included predictor variables externalising, disgust sensitivity and anxiety symptoms, explaining 46% of the variance. For the dependent variable functional impact, the final model included the predictor variables threat, beliefs about emotions and depression symptoms, explaining 63% of the variance.



Mediation Analyses

After controlling for age, gender and whether they identified with misophonia or not, both disgust sensitivity and anxiety symptoms partially mediated the relationship between externalising and outburst in misophonia (Figure 2). The indirect effect of disgust sensitivity on externalising and outburst was 0.017, and the indirect effect of anxiety was 0.029 (total indirect effect 0.046). The bootstrapped unstandardised indirect effect was 0.046, and the 95% CI ranged from 0.023 to 0.074. Both the indirect and direct effects of externalising on outbursts were statistically significant (p < 0.001).

[image: Figure 2]

FIGURE 2. The mediating effect of disgust sensitivity and anxiety symptoms on externalising appraisals and outbursts in misophonia.


After controlling for age, gender and whether they identified with misophonia or not, beliefs about emotions and depression symptoms partially mediated the relationship between emotional threat and functional impact in misophonia (Figure 3). The indirect effect of beliefs about emotions on the relationship between threat and functional impact was 0.046, and the indirect effect of depression on threat and functional impact was 0.055, making the total indirect effect 0.100. The bootstrapped unstandardised indirect effect was 0.100, and the 95% CI ranged from 0.064 to 0.142. Both the indirect and direct effects of externalising on outbursts were statistically significant (p < 0.001).

[image: Figure 3]

FIGURE 3. The mediating effect of depression symptoms and beliefs about emotions on emotional threat and functional impact in misophonia.





DISCUSSION

The aim of this study was to examine two commonly reported negative outcomes of misophonia: aggressive outbursts and perceived current and future impact that misophonia has on seeing people and doing things. We aimed to explore these in relation to both misophonia-specific and more general emotional processing variables.

As hypothesised, misophonic outbursts were significantly predicted by the S-Five variable of externalising appraisals, that is, the tendency to blame others for the intensity of one’s reactions to sounds made by others. This relationship was partially explained by anxiety symptoms and disgust sensitivity. This builds on previous research finding that the relationship between misophonia and general aggressive outbursts was partly explained by symptoms of anxiety (Wu et al., 2014; Zhou et al., 2017). Neither anxiety sensitivity nor beliefs about emotions were significant independent predictor of outbursts in our exploratory regressions, which is interesting in relation to previous research finding that anxiety sensitivity strengthened the relationship between misophonia and general aggression (Schadegg et al., 2021). However, that study did not control for the presence anxiety symptoms, which our findings suggest is more relevant than fear of anxiety symptoms, for misophonia-specific outbursts, at least. Another study found that the relationship between trait neuroticism and misophonia symptoms was completely mediated by impulse control difficulties, an aspect of emotion regulation (Cassiello-Robbins et al., 2020). Theoretically, it makes sense that impulse control could be a potential key mechanism in outbursts in misophonia, and it is possible that impulse control could explain the association we found with anxiety symptoms.

Disgust sensitivity was also a significant independent predictor of misophonic outbursts. Barahmand et al. (2021) found an association between disgust sensitivity and misophonic behaviours, which included aggressive outbursts as well as non-aggressive avoidance. They found that this was completely mediated by emotional dysregulation, which we did not measure in our study. Further research is needed to clarify whether disgust sensitivity is a significant component in misophonic outbursts. If it is an important factor, then it would also be useful to examine whether this relates to core disgust in response to sounds, or socio-moral disgust (Simpson et al., 2006), which could be in response to the behaviour of the perpetrator of the sounds or directed towards oneself for having outbursts, and could have implications for treatment.

Given the cross-sectional nature of our study, the direction of these relationships between externalising appraisals, anxiety symptoms, disgust sensitivity and misophonic outbursts is not clear. One of the items in the outbursts factor relates to being afraid of doing something aggressive or violent. It is therefore possible that the association with anxiety symptoms can be accounted for by this specific item, rather than actual outbursts. It is also possible that those who have had outbursts in the past may experience more anxiety in general, in anticipation of what might happen in triggering situations or anxiety about the impact of their outbursts. It is possible that these associations could be explained by emotion dysregulation, in line with the findings of Barahmand et al. (2021) and Cassiello-Robbins et al. (2020). There may also be other variables not yet measured in misophonia research that could be contributing to these relationships, for example, a tendency to engage in angry rumination, which has previously been linked to generalised anxiety (Jessup et al., 2019), aggression and externalisation of blame (Schoenleber et al., 2021). Further exploration of this in qualitative and survey studies would be helpful for developing and testing hypotheses that may support the development of interventions.

Our second outcome variable of interest was functional impact, which was significantly predicted by the S-Five variable measuring a sense of emotional threat. This was partially explained by depression symptoms and beliefs about emotions. Previous research has also found an association between symptoms of depression and misophonia (Erfanian et al., 2019; Jager et al., 2020). Again, it is not clear whether there is a causal pathway here. It is possible that the extreme sense of dysregulation captured in the threat variable contributes to low mood, which, in turn, leads to withdrawal from activities and hopelessness about the future with misophonia. Alternatively, it could be that low mood is caused by withdrawal from activities as a result of the distress caused by misophonia. When we look at this in the context of beliefs about emotions, it is possible that beliefs that these emotions in misophonia are wrong or harmful could also lead to withdrawal from other people. The LESS II captures a wide range of negative beliefs about emotions, with a broader theme of emotions being bad, wrong or harmful, as opposed to fear of emotions as captured in the measures of anxiety and disgust sensitivity. Therefore, negative beliefs about emotions might contribute to functional impact through behavioural responses to shame or guilt about emotions in misophonia, as opposed to a fear of emotions captured in the sensitivity measures (which were not significant independent predictors). There could also be another variable or set of variables that could further explain these relationships. Along these lines, the tendency to ruminate in a depressive way could be associated with greater sense of threat, low mood, more negative beliefs about emotions and greater avoidance, withdrawal and hopelessness. In-depth interviews and prospective and experimental studies are needed to shed light on these relationships.

It was interesting to find that interoception was not significantly correlated with any of our S-Five outcome or predictor variables in the group who identified with having misophonia. This was surprising considering previously found associations between interoception and misophonia symptoms (Kumar et al., 2017; McKay et al., 2018). Examining our correlations further, we noted that interoception had low, significant correlations with overall misophonia severity and with the internalising appraisals factor, suggesting that interoception might play a part in some aspects of misophonia but not others. We also found that it was significantly (albeit weakly) correlated to all S-Five variables in the group that did not identify with misophonia. It would be interesting to test this association further in future research, perhaps investigating whether one’s misophonia “status” moderates the relationship between interoception and misophonia symptoms.


Limitations

There were some limitations to this study. Most importantly, this was an exploratory study, and our results should therefore be considered theories to be tested further. We recruited from two different populations and used self-identification with misophonia (or not) to create our initial two groups. We then combined the sample for our regression analyses, controlling for the “identification with misophonia” variable in all regression analyses. While there are currently no published cut-off scores on the S-Five, we note that the mean score for the S-Five total in our sample of those identifying with misophonia (mean = 147.15, data available on request) was comparable to the means presented in the original validation of the S-Five in a sample of individuals identifying with the condition (mean = 148.0). Future studies testing theories emerging from this research would benefit from using either community or clinical samples, with a view to later doing comparison studies between clinical and non-clinical groups, using gold standard diagnostic interviews to create clinical groups. However, this is difficult to achieve without agreed diagnostic criteria for misophonia. Additionally, participants recruited from misophonia social media groups were disproportionately female, consistent with other research on misophonia. Future studies would benefit from a more balanced sample and testing for differences between gender groups. Finally, we used the combined total of the Disgust Sensitivity and Propensity scale as our measure of disgust sensitivity. In future studies, it would be preferable to separate these two constructs and test whether both have a direct impact on aspects of misophonia.



Summary and Conclusion

This exploratory study is, to our knowledge, the first to investigate potential predictors of two misophonia-specific outcomes: outbursts and functional impact. Our findings suggest that these two aspects of misophonia are related to cognitive and emotion processes, both misophonia-specific and non-specific. This highlights the importance of breaking misophonia down into its different dimensions to improve our understanding of the condition and its consequences. The study provides further support for the notion that there are psychological aspects to misophonia, which raises hope for developing and adapting psychological interventions to improve the lives of those suffering with the condition.




DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by the King’s College London Psychiatry, Nursing and Midwifery Research Ethics Subcommittee (REC reference number: HR-19/20-17173). The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

QW completed the analysis, contributed to interpretation, and contributed to the manuscript. SV provided supervision to the project, carried out data collection, contributed to data analysis, and contributed to the manuscript (Materials and Methods and Results). NU-M carried out data collection and contributed to data analysis. JG provided supervision to the project, contributed to interpretation, and contributed to the manuscript. All authors contributed to the article and approved the submitted version.



FUNDING

SV was funded or partially funded by the Biomedical Research Centre for Mental Health at South London and Maudsley NHS Foundation Trust and King’s College London. This research was funded in whole, or in part, by the Wellcome Trust (JG; grant number 102176/B/13/Z).



AUTHOR DISCLAIMER

The views expressed are those of the author(s) and not necessarily those of the NHS, Wellcome Trust, the NIHR or the Department of Health and Social Care.



FOOTNOTES

1Leahy, R. L. (2012). Leahy Emotional Schema Scale II (LESS II). American Institute for Cognitive Therapy (Unpublished Manuscript).



REFERENCES

 Barahmand, U., Stalias-Mantzikos, M. E., Rotlevi, E., and Xiang, Y. (2021). Disgust and emotion Dysregulation in Misophonia: a case for mental contamination? Int. J. Ment. Heal. Addict. doi: 10.1007/s11469-021-00677-x

 Baron, R. M., and Kenny, D. A. (1986). The moderator-mediator variable distinction in social psychological research: conceptual, strategic, and statistical considerations. J. Pers. Soc. Psychol. 51, 1173–1182. doi: 10.1037/0022-3514.51.6.1173 

 Bernstein, R. E., Angell, K. L., and Dehle, C. M. (2013). A brief course of cognitive behavioural therapy for the treatment of misophonia: a case example. Cogn. Behav. Ther. 6:E10. doi: 10.1017/S1754470X13000172

 Cassiello-Robbins, C., Anand, D., Mcmahon, K., Guetta, R., Trumbull, J., Kelley, L., et al. (2020). The mediating role of emotion regulation Within the relationship between neuroticism and Misophonia: a preliminary investigation. Front. Psychol. 11:847. doi: 10.3389/fpsyt.2020.00847 

 Edelstein, M., Brang, D., Rouw, R., and Ramachandran, V. S. (2013). Misophonia: physiological investigations and case descriptions. Front. Hum. Neurosci. 7:296. doi: 10.3389/fnhum.2013.00296 

 Erfanian, M., Kartsonaki, C., and Keshavarz, A. (2019). Misophonia and comorbid psychiatric symptoms: a preliminary study of clinical findings. Nord. J. Psychiatry 73, 219–228. doi: 10.1080/08039488.2019.1609086 

 Fergus, T. A., and Valentiner, D. P. (2009). The disgust propensity and sensitivity scale-revised: an examination of a reduced-item version. J. Anxiety Disord. 23, 703–710. doi: 10.1016/J.JANXDIS.2009.02.009 

 Hayes, A. (2017). Introduction to Mediation, Moderation, and Conditional Process Analysis: A Regression-based Approach. New York: Guildford Press.

 Hocaoglu, C. (2018). A little known topic misophonia: two case reports. Dusunen Adam 31, 89–96. doi: 10.5350/DAJPN2018310109

 Hovenkamp-Hermelink, J. H. M., van der Veen, D. C., Oude Voshaar, R. C., Batelaan, N. M., Penninx, B. W. J. H., Jeronimus, B. F., et al. (2019). Anxiety sensitivity, its stability and longitudinal association with severity of anxiety symptoms. Sci. Rep. 9, 4314–4317. doi: 10.1038/s41598-019-39931-7 

 Jager, I., de Koning, P., Bost, T., Denys, D., and Vulink, N. (2020). Misophonia: phenomenology, comorbidity and demographics in a large sample. PLoS One 15:e0231390. doi: 10.1371/journal.pone.0231390 

 Jastreboff, M. M., and Jastreboff, P. J. (2002). Decreased sound tolerance and tinnitus retraining therapy (TRT). Aust. N. Z. J. Audiol. 24, 74–84. doi: 10.1375/audi.24.2.74.31105

 Jessup, S. C., Knowles, K. A., Berg, H., and Olatunji, B. O. (2019). Anger rumination is not uniquely characteristic of obsessive-compulsive disorder. Personal. Individ. Differ. 140, 10–14. doi: 10.1016/j.paid.2018.09.011 

 Kroenke, K., Spitzer, R. L., and Williams, J. B. W. (2001). The PHQ-9. J. Gen. Intern. Med. 16, 606–613. doi: 10.1046/J.1525-1497.2001.016009606.X 

 Kulik, J. A., and Brown, R. (1979). Frustration, attribution of blame, and aggression. J. Exp. Soc. Psychol. 15, 183–194. doi: 10.1016/0022-1031(79)90029-5

 Kumar, S., Tansley-Hancock, O., Sedley, W., Winston, J. S., Callaghan, M. F., Allen, M., et al. (2017). The brain basis for Misophonia. Curr. Biol. 27, 527–533. doi: 10.1016/j.cub.2016.12.048 

 McKay, D., Kim, S. K., Mancusi, L., Storch, E. A., and Spankovich, C. (2018). Profile analysis of psychological symptoms associated with misophonia: a community sample. Behav. Ther. 49, 286–294. doi: 10.1016/j.beth.2017.07.002 

 Miller, L. C., Murphy, R., and Buss, A. H. (1981). Consciousness of body: private and public. J. Pers. Soc. Psychol. 41, 397–406. doi: 10.1037/0022-3514.41.2.397

 Rouw, R., and Erfanian, M. (2018). A large-scale study of misophonia. J. Clin. Psychol. 74, 453–479. doi: 10.1002/jclp.22500 

 Schadegg, M. J., Clark, H. L., and Dixon, L. J. (2021). Evaluating anxiety sensitivity as a moderator of misophonia and dimensions of aggression. J. Obs.-Compuls. Relat. Disord. 30:100657. doi: 10.1016/j.jocrd.2021.100657

 Schoenleber, M., Beltran, E., Peters, J. R., and Anestis, M. D. (2021). Association between shame aversion and ruminative retribution: evidence for moderation by externalization of blame and control. Motiv. Emot. 45, 798–808. doi: 10.1007/s11031-021-09901-6 

 Schröder, A., Vulink, N., and Denys, D. (2013). Misophonia: diagnostic criteria for a new psychiatric disorder. PLoS One 8:e54706. doi: 10.1371/journal.pone.0054706 

 Simpson, J., Carter, S., Anthony, S. H., and Overton, P. G. (2006). Is disgust a homogeneous emotion? Motiv. Emot. 30, 31–41. doi: 10.1007/S11031-006-9005-1/TABLES/2

 Spitzer, R. L., Kroenke, K., Williams, J. B. W., and Löwe, B. (2006). A brief measure for assessing generalized anxiety disorder: the GAD-7. Arch. Intern. Med. 166, 1092–1097. doi: 10.1001/ARCHINTE.166.10.1092 

 Swedo, S., Baguley, D. M., Denys, D., Dixon, L. J., Erfanian, M., Fioretti, A., et al. (2021). A consensus definition of misophonia: using a Delphi process to reach expert agreement. medRxiv [Preprint]. doi: 10.1101/2021.04.05.21254951

 Taylor, S., Zvolensky, M. J., Cox, B. J., Deacon, B., Heimberg, R. G., Ledley, D. R., et al. (2007). Robust dimensions of anxiety sensitivity: development and initial validation of the anxiety sensitivity Index-3. Psychol. Assess. 19, 176–188. doi: 10.1037/1040-3590.19.2.176 

 van Overveld, W. J. M., de Jong, P. J., Peters, M. L., Cavanagh, K., and Davey, G. C. L. (2006). Disgust propensity and disgust sensitivity: separate constructs that are differentially related to specific fears. Personal. Individ. Differ. 41, 1241–1252. doi: 10.1016/J.PAID.2006.04.021

 Vitoratou, S., Uglik-Marucha, N., Hayes, C., and Gregory, J. (2021). Listening to people with misophonia: exploring the multiple dimensions of sound intolerance using a new psychometric tool, the S-five, in a large sample of individuals identifying with the condition. Psych 3, 639–662. doi: 10.3390/PSYCH3040041

 Wheaton, M. G., Deacon, B. J., McGrath, P. B., Berman, N. C., and Abramowitz, J. S. (2012). Dimensions of anxiety sensitivity in the anxiety disorders: evaluation of the ASI-3. J. Anxiety Disord. 26, 401–408. doi: 10.1016/J.JANXDIS.2012.01.002 

 Wu, M. S., Lewin, A. B., Murphy, T. K., and Storch, E. A. (2014). Misophonia: incidence, phenomenology, and clinical correlates in an undergraduate student sample. J. Clin. Psychol. 70, 994–1007. doi: 10.1002/jclp.22098 

 Zhou, X., Wu, M. S., and Storch, E. A. (2017). Misophonia symptoms among Chinese university students: incidence, associated impairment, and clinical correlates. J. Obs.-Compuls. Relat. Disord. 14, 7–12. doi: 10.1016/j.jocrd.2017.05.001


Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Wang, Vitoratou, Uglik-Marucha and Gregory. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.










	 
	ORIGINAL RESEARCH
published: 05 July 2022
doi: 10.3389/fnins.2022.900065





[image: image]

Audiological and Other Factors Predicting the Presence of Misophonia Symptoms Among a Clinical Population Seeking Help for Tinnitus and/or Hyperacusis

Hashir Aazh1,2,3*†, Mercede Erfanian4†, Ali A. Danesh2† and Brian C. J. Moore5†

1Audiology Department, Royal Surrey NHS Foundation Trust, Guildford, United Kingdom

2Department of Communication Sciences & Disorders, Florida Atlantic University, Boca Raton, FL, United States

3Faculty of Engineering and Physical Sciences (FEPS), University of Surrey, Guildford, United Kingdom

4UCL Institute for Environmental Design and Engineering, The Bartlett, University College London, London, United Kingdom

5Cambridge Hearing Group, Department of Psychology, University of Cambridge, Cambridge, United Kingdom

Edited by:
Julia Campbell, University of Texas at Austin, United States

Reviewed by:
Prashanth Prabhu, All India Institute of Speech and Hearing (AIISH), India
Pawel J. Jastreboff, Emory University, United States

*Correspondence: Hashir Aazh, info@hashirtinnitusclinic.com

†ORCID: Hashir Aazh, orcid.org/0000-0002-6839-5649; Mercede Erfanian, orcid.org/0000-0001-9253-4162; Ali A. Danesh, orcid.org/0000-0001-7128-1303; Brian C. J. Moore, orcid.org/0000-0001-7071-0671

Specialty section: This article was submitted to Auditory Cognitive Neuroscience, a section of the journal Frontiers in Neuroscience

Received: 19 March 2022
Accepted: 07 June 2022
Published: 05 July 2022

Citation: Aazh H, Erfanian M, Danesh AA and Moore BCJ (2022) Audiological and Other Factors Predicting the Presence of Misophonia Symptoms Among a Clinical Population Seeking Help for Tinnitus and/or Hyperacusis. Front. Neurosci. 16:900065. doi: 10.3389/fnins.2022.900065

This paper evaluates the proportion and the audiological and other characteristics of patients with symptoms of misophonia among a population seeking help for tinnitus and/or hyperacusis at an audiology clinic (n = 257). To assess such symptoms, patients were asked “over the last 2 weeks, how often have you been bothered by any of the following problems? Feeling angry or anxious when hearing certain sounds related to eating noises, lip-smacking, sniffling, breathing, clicking sounds, tapping?”. The results of routine audiological tests and self-report questionnaires were gathered retrospectively from the records of the patients. Measures included: pure tone audiometry, uncomfortable loudness levels (ULLs), and responses to the tinnitus impact questionnaire (TIQ), the hyperacusis impact questionnaire (HIQ), and the screening for anxiety and depression in tinnitus (SAD-T) questionnaire. The mean age of the patients was 53 years (SD = 16) (age range 17 to 97 years). Fifty four percent were female. Twenty-three percent of patients were classified as having misophonia. The presence and frequency of reporting misophonia symptoms were not related to audiometric thresholds, except that a steeply sloping audiogram reduced the likelihood of frequent misophonia symptoms. Those with more frequent misophonia symptoms had lower values of ULLmin (the across-frequency average of ULLs for the ear with lower average ULLs) than those with less frequent or no reported symptoms. The reported frequency of experiencing misophonia symptoms increased with increasing impact of tinnitus (TIQ score ≥9), increasing impact of hyperacusis (HIQ score >11), and symptoms of anxiety and depression (SAD-T score ≥4). It is concluded that, when assessing individuals with tinnitus and hyperacusis, it is important to screen for misophonia, particularly when ULLmin is abnormally low or the TIQ, HIQ or SAD-T score is high. This will help clinicians to distinguish patients with misophonia, guiding the choice of therapeutic strategies.
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INTRODUCTION

Tinnitus is the perception of sound without an acoustical source external to the body. Hyperacusis is intolerance of certain everyday sounds, which are perceived as too loud or uncomfortable and cause significant distress and impairment in the individual’s day-to-day activities (Aazh et al., 2016, 2022a). Misophonia is characterized by a decreased tolerance for specific sounds (Jastreboff and Jastreboff, 2002; Brout et al., 2018; Swedo et al., 2022). These sounds are known as “triggers,” and they are usually man or animal-made sounds, and often orofacial sounds (generated by the mouth and nose), such as sniffing and chewing. In addition, there is evidence to suggest that, regardless of the source of the triggers, they share similar properties, including repetition (Brout et al., 2018; Erfanian et al., 2019; Enzler et al., 2021b; Hansen et al., 2021). People with misophonia may also be intolerant of certain visual and tactile stimuli (Kumar et al., 2017, 2021; Rouw and Erfanian, 2018; Schroder et al., 2019; Eijsker et al., 2021b). It may be the case that the action of the trigger-producing person is what causes the reaction, rather than the sound itself (Kumar et al., 2021).

The reported prevalence of misophonia varies from 6 to 19%, although a prevalence as high as 37% has been found (Wu et al., 2014; Zhou et al., 2017; Naylor et al., 2021). The prevalence depends on the population studied and on the way that misophonia is diagnosed; the prevalence differs markedly across populations with and without co-morbid disorders. A growing body of literature shows co-morbidity of misophonia with a range of affective disorders as diagnosed in mental health settings, such as major depressive disorder (MDD), obsessive-compulsive personality disorder (OCPD), and post-traumatic stress disorder (PTSD) (Schroder et al., 2013; Rouw and Erfanian, 2018; Erfanian et al., 2019; Jager et al., 2020b), and developmental disorders like attention-deficit hyperactivity disorder (ADHD) and autism spectrum disorder (ASD) (Jager et al., 2020a; McKay and Acevedo, 2020; Haq et al., 2021). The overlapping symptomology of misophonia and psychiatric, developmental, and audiological disorders makes the diagnosis and treatment complicated.

Although auditory disorders, including tinnitus and hyperacusis, often co-occur with misophonia (Jastreboff and Jastreboff, 2014; Danesh and Aazh, 2020), studies focused on misophonia in the field of audiology are scarce (Porcaro et al., 2019). Nevertheless, audiologists play a key role in providing therapy and support for this patient population. Often, audiologists who are specialized in the management of tinnitus and hyperacusis also provide counseling and sound therapy (Jastreboff and Jastreboff, 2014) and/or audiologist-delivered cognitive behavioral therapy for the management of misophonia (Aazh et al., 2014, 2019b). Although the term misophonia was suggested based on studies related to therapy for tinnitus and hyperacusis (Jastreboff and Jastreboff, 2002), most of the research literature on misophonia comes from the fields of psychiatry, psychology and neuroscience, with little or no attention paid to the audiological profile of the population studied. A possible reason for this is that in the field of audiology misophonia is often considered as a subtype of hyperacusis rather than a distinct disorder (Tyler et al., 2014). Therefore, most research studies in the field of audiology have not distinguished misophonia from hyperacusis (Fackrell et al., 2015; Sheldrake et al., 2015; Zaugg et al., 2016; Aazh et al., 2017).

Most studies of misophonia performed in mental health settings have not conducted full audiological evaluations, but some have performed pure tone audiometry on a sub-group of patients (Sztuka et al., 2010; Schroder et al., 2013, 2014; Jager et al., 2020a,b; Siepsiak et al., 2022). Generally, no hearing loss was found, although some cases of tinnitus and/or hyperacusis were reported. However, Enzler et al. (2021b) conducted a study on the development of a psychoacoustic test for assessment of misophonia and reported that among 78 patients with misophonia diagnosed via the MisoQuest questionnaire (Siepsiak et al., 2020), 17 reported hearing problems, 14 had tinnitus, and 55 had hyperacusis. These results suggest that hearing loss, tinnitus and hyperacusis may not be uncommon among patients with misophonia.

Published studies have not assessed the relationship between hearing-related variables and misophonia. In theory, hearing loss could affect the experience of misophonia. The trigger sounds for misophonia often have a spectrum that is dominated by high-frequency components (Dacremont, 1995; Enzler et al., 2021b). A steeply sloping audiogram, with the greatest loss at high frequencies, would reduce the audibility of such sounds, perhaps making it less likely for an individual to have misophonia or reducing the severity of misophonia. On the other hand, people with hearing loss also often experience loudness recruitment, a more rapid than normal growth of loudness with increasing sound level once the sound becomes audible (Moore and Glasberg, 2004). Hence a sound that is only just above the detection threshold may be of moderate loudness and may be annoying. Analysis of the audiometric characteristics of people with misophonia can indicate if hearing loss influences the likelihood or severity of misophonia.

An audiological measure that is often used in the assessment and diagnosis of hyperacusis is the uncomfortable loudness level (ULL) (Aazh and Moore, 2017b). People with hyperacusis often have lower ULLs than people without hyperacusis (Blaesing and Kroener-Herwig, 2012; Formby et al., 2015). In addition, the difference between ULLs at 1 and 8 kHz, a measure of the variation of ULLs across frequency, may be an indicator of a dislike of specific sounds, especially high-frequency sounds. Aazh and Moore (2017b) reported that among patients seeking help for tinnitus and/or hyperacusis the difference between ULLs at 1 and 8 kHz was ≥20 dB for about 10%, perhaps indicating misophonia. Siepsiak et al. (2022) compared ULLs for 62 patients with misophonia and 51 individuals with no sound sensitivity symptoms. The average ULL across ears was about 85 dB HL (standard deviation, SD = 16 dB) for the misophonia group and 90 dB HL (SD = 14 dB) for the control group, but the difference was not statistically significant, perhaps because of the large SD within each group.

Another audiological factor that may be relevant to misophonia is asymmetrical hearing threshold levels (HTLs) or ULLs (i.e., between-ear differences). A large between-ear difference in ULLs might indicate some specific abnormality in monaural pathways. For example, a disorder of the olivo-cochlear efferent system, which reduces the gain of the cochlea in response to high-level sounds, might increase sound sensitivity (Guinan, 2018), and the effect might differ across ears depending on where in the auditory system the disorder originates. On the other hand, if a global psychological or neurological component is predominant in producing hyperacusis and misophonia, then it seems unlikely that it would affect one ear more than the other.

Although to our knowledge ear asymmetry in HTLs or ULLs has not been investigated among patients with misophonia, some reports suggest the presence of asymmetrical HTLs and ULLs among patients with severe hyperacusis (Aazh and Moore, 2017b,2018). This is relevant to misophonia as Jastreboff and Jastreboff (2015) reported that misophonia is almost always present in cases of severe hyperacusis. Aazh and Moore (2018) reported that 6 out of 13 patients with severe hyperacusis had an interaural asymmetry between 5 and 12 dB in average ULLs and 5/13 had an interaural asymmetry between 5 and 16 dB in average HTLs. However, due to the small sample size they were not able to assess if greater interaural asymmetry was related to the severity of hyperacusis.

Finally, it is not clear if the likelihood of a person experiencing misophonia is related to whether or not they suffer from distressing tinnitus and/or hyperacusis. Distressing tinnitus and/or hyperacusis may increase anxiety and depression (Aazh and Moore, 2017a), making the individual more likely to develop a strong reaction to trigger sounds, i.e., misophonia. Alternatively, tinnitus may distract the individual, preventing them from attending to potentially annoying trigger sounds. Past studies have not assessed the relationship between the impact of tinnitus and/or hyperacusis and symptoms of misophonia.

The first aim of the current study was to assess the proportion of patients with symptoms of misophonia among a clinical population of patients seeking help for tinnitus and hyperacusis. We predicted that this proportion would be higher than for the general population (Wu et al., 2014; Zhou et al., 2017; Rouw and Erfanian, 2018).

The second aim was to compare the audiological characteristics and severity of tinnitus, hyperacusis, anxiety and depression among patients who reported different frequencies of experiencing symptoms of misophonia in a two-week period (i.e., 0-1 days, 2-6 days, 7-10 days, and 11-14 days). We predicted that a sloping audiogram, with greater hearing loss at high frequencies would be associated with a smaller number of days of experiencing misophonia symptoms and that lower ULLs and more severe tinnitus, hyperacusis, anxiety and depression would be associated with a greater frequency of experiencing of misophonia symptoms.

The results were intended to inform those working in audiology clinics of the likelihood of misophonia among their patients and of factors that are related to it, i.e., factors that increase the probability of misophonia being present. This information could be used to guide the choice of therapy.



MATERIALS AND METHODS


Ethical Approval

The study was registered and approved as a clinical audit by the Quality Governance Department at the Royal Surrey NHS Foundation Trust (RSFT). The need for patient consent was waived as this was a retrospective analysis of available clinical data. Analysis of the data was approved by the South West-Cornwall and Plymouth Research Ethics Committee and the Research and Development department at the RSFT (Project ID: 182924).



Study Design and Patients

This was a retrospective cross-sectional study conducted at the Tinnitus and Hyperacusis Therapy Specialist Clinic (THTSC), RSFT, Guildford, United Kingdom. Data were included for all patients who attended the THTSC seeking help for tinnitus and/or hyperacusis in 2019-2020 and who answered a question assessing symptoms of misophonia (n = 257). Administration of the self-report questionnaires (including the question about misophonia) and audiological measurements included in this study were part of the routine care for patients at THTSC. This routine care did not include the administration of validated questionnaires for assessing misophonia; this issue is addressed in the Discussion section.

Demographic data for the patients, results of their audiological investigations and the outcomes of their self-report questionnaires were imported from their records held at the Audiology Department. All questionnaires were completed prior to the start of any treatment, at each patient’s first visit to the clinic. Patients completed the questionnaires in the clinic waiting area without involvement of their audiologist. The mean age of the patients was 53 years (SD = 16 years) (age range = 17 - 97 years). Fifty four percent (139/257) were female.



Audiological Measures

Audiological measures were:


(1)Pure tone audiogram measured using the procedure recommended by the British Society of Audiology (BSA, 2011a), but with some modifications proposed by Aazh and Moore (2017c) to limit discomfort. The starting presentation level at 0.25, 0.5, 2, 3, 4, 6, and 8 kHz was equal to the HTL at the adjacent frequency (e.g., if the HTL at 1 kHz was 20 dB HL, the starting level for measuring the HTL at 2 kHz was 20 dB HL, instead of 50 dB HL as recommended by the BSA). The severity of hearing loss was categorized based on the values of the PTA across the frequencies 0.25, 0.5, 1, 2, and 4 kHz, as recommended by the British Society of Audiology (BSA, 2011a): Mild (20 – 40 dB HL), Moderate (41 – 70 dB HL), Severe (71 – 95 dB HL) and Profound (over 95 dB HL). To explore asymmetries in HTLs across the ears, patients were classified into five groups based on the between-ear difference in PTA: <5 dB, ≥5 and <10 dB, ≥10 and <20, ≥20 and <30, and ≥30. The absolute values of the differences in HTLs between 8 and 1 kHz, referred to here as HTL slope were calculated separately for the right and left ears.

(2)ULLs measured following the BSA recommended procedure (BSA, 2011b), but with the modifications proposed by Aazh and Moore (2017c), to limit discomfort. The instructions were “I will gradually make the sound louder in your ear, and you must press the button (or raise your hand) as soon as the sound becomes uncomfortable (uncomfortably loud). This is not a test to find the loudest sound you can tolerate; it is a test to find what level of sound you find uncomfortable. You should press the button (or raise your hand) only when the sound becomes uncomfortable; but make sure you press (raise) it as soon as the sound reaches that level.” The starting presentation level was equal to the measured HTL at the test frequency. In addition, levels above 80 dB HL were not used. If the ULL was not reached at 80 dB HL, the ULL at the test frequency was recorded as 85 dB HL. The across-frequency average (0.25, 0.5, 1, 2, 3, 4, 6, and 8 kHz) ULL for the ear with lower average ULL is denoted ULLmin. When ULLmin was ≤ 77 dB HL, hyperacusis was deemed to be present (Aazh and Moore, 2017b). Patients were diagnosed with severe hyperacusis if the ULL for any frequency for either ear was 30 dB HL or less (Aazh and Moore, 2018). To explore asymmetries in ULLs across the ears, patients were classified into three groups based on the between-ears difference in average ULLs (across 0.25, 0.5, 1, 2, 3, 4, 6, and 8 kHz): symmetrical (between-ear difference <5 dB), mildly asymmetrical (between-ear difference ≥5 dB and <10 dB), asymmetrical (between-ear difference ≥ 10 dB). The absolute values of the differences in ULLs between 8 and 1 kHz (i.e., ULL at 8 kHz minus ULL at 1 kHz), referred to here as ULL slope, were calculated separately for the right and left ears.





Questionnaires


Assessment of Misophonia Symptoms

Item 4 of the Sound Sensitivity Symptoms Questionnaire (SSSQ) (Aazh et al., 2022a) was used to identify patients with symptoms of misophonia. This item asks, “Over the last 2 weeks, how often have you been feeling angry or anxious when hearing certain sounds related to eating noises, lip smacking, sniffling, breathing, clicking sounds, tapping?” The response choices are: 0-1 days, 2-6 days, 7-10 days and 11-14 days. Scores of 0 were assigned for 0-1 days, 1 for 2-6 days, 2 for 7-10 days and 3 for 11-14 days. Patients who scored 2 or 3 on this item (i.e., reporting feeling anxious or angry more than half of the days) were classified as having frequent symptoms of misophonia. This is denoted Miso Cat 1. Patients with scores of 0 or 1 (i.e., reporting feeling anxious or angry less than half of the days) were classified as having no or less frequent misophonia symptoms. This is denoted Miso Cat 0. In some of the analyses that follow, the actual score for item 4 of the SSSQ was used. This is denoted SSSQ4.



Screening for Anxiety and Depression in Tinnitus

The screening for anxiety and depression (SAD-T) questionnaire contains four items that match those for the physical health questionnaire (PHQ-4; Kroenke et al., 2009). Each item is rated on a four-point Likert scale. Two items relate to experiences of anxiety and worry and two relate to the experience of anhedonia and feeling down, depressed or hopeless. The response choices are: 0-1 days, 2-6 days, 7-10 days and 11-14 days. Scores of 0 were assigned for 0-1 days, 1 for 2-6 days, 2 for 7-10 days and 3 for 11-14 days. Cronbach’s alpha for the SAD-T, based on responses from a tinnitus and hyperacusis clinical population, is 0.91 (Aazh et al., 2022a). The overall score for the SAD-T ranges from 0 to 12. Scores of 4 or more indicate symptoms of anxiety and/or depression. This was calculated but not reported during a study on the acceptability and relevance of psychological questionnaires in the assessment of patients with tinnitus and/or hyperacusis (Aazh and Moore, 2017d).



Questions About History of Mental Health

Given the high prevalence of mental illness among patients seeking help for tinnitus and/or hyperacusis, the patients were asked several questions about mental health as part of routine history taking (Aazh and Moore, 2017d; Aazh et al., 2018). The questions were: (1) Do you have any history of mental illness? (2) Have you seen mental health professionals? (3) While you were growing up during the first 18 years of life did your parent(s) have depression or mental illness? The responses for these questions were “yes” or “no.” The third question is taken from the questionnaire for Adverse Childhood Experiences (Felitti et al., 1998).



Hyperacusis Impact Questionnaire

The hyperacusis impact questionnaire (HIQ) has eight items assessing the impact of hyperacusis on the patient’s life. The HIQ asks respondents how often (in number of days in the last 14 days) each of several situations occurred because of certain environmental sounds that seemed too loud to them, but that other people could tolerate well. Reponses choices and the score for each choice were the same as for the SAD-T, as described above. Cronbach’s alpha for the HIQ is 0.93. The overall score ranges from 0 to 24. Scores above 11 indicate a clinically significant impact of hyperacusis (Aazh et al., 2022a).



Tinnitus Impact Questionnaire

This 7-item questionnaire assesses how often respondents experience a number of problems because of hearing a sound in their ears or head with no external source (e.g., buzzing, high-pitched whistle, hissing), over a two-week period. Reponses choices and the score for each choice were the same as for the SAD-T, as described above. Cronbach’s alpha for the TIQ is 0.89 (Aazh et al., 2022b). The overall score ranges from 0 to 21. A score below 5 indicates no impact of tinnitus, a score of 5 or 6 indicates mild impact, a score of 7 or 8 indicates moderate impact, and a score of 9 or more indicates a severe impact (Aazh et al., 2022b).




Data Analyses

The data were anonymized prior to statistical analysis. Descriptive statistics for the demographic variables, hearing thresholds and ULLs, and the scores for the self-report questionnaires were calculated.

Welch’s t-tests (Delacre et al., 2017) and chi-squared (χ2) tests were used to compare audiological variables across frequencies and to assess the differences in the scores for the questionnaires between Miso Cat 1 and Miso Cat 0. Cohen’s d was calculated to assess effect sizes (ES) based on mean comparison for unequal variances (Lakens, 2013; Delacre et al., 2017).

One-way analyses of variance (ANOVA) were used to assess the differences in scores for the HIQ, TIQ, SAD-T, ULLmin and PTA across ears among patients with scores of 0, 1, 2, and 3 for item 4 of the SSSQ (SSSQ4 score). The Šídák method was used for post hoc tests (Kirk, 2012). ES values following ANOVA were assessed using the ξ2 measure (Smithson, 2001).

Spearman correlation was used to assess the relationships between SSSQ4 scores and scores for the HIQ, TIQ, SAD-T, ULLmin, PTA across ears, HTL and ULL slopes and age. The strength of the correlation coefficient (ρ) was considered as weak if ρ < 0.2, moderate if ρ was between 0.2 and 0.5, and strong if ρ > 0.5 (Cohen, 1988; Hemphill, 2003). Variables that were significantly correlated with SSSQ4 scores were included in a logistic regression model to assess whether the SSSQ4 score (dependent variable) was related to ULLmin, scores for the HIQ, TIQ, SAD-T, and ULL and HTL slopes (independent variables). Odds ratios (ORs) and their 95% confidence intervals were obtained, both unadjusted and adjusted for (a) age and gender (b) categories of tinnitus impact as measured via the TIQ, (c) hyperacusis impact as measured via the HIQ, (d) anxiety and depression as measured via the SAD-T, (e) hyperacusis as measured via ULLmin, (f) ULL slope, and (g) HTL slope. Hearing loss categories and between-ear differences in ULLs and PTA were not included in the model as they were not correlated with SSSQ4 scores. The p value required for statistical significance was p < 0.05.

The analyses were restricted to patients with complete data for all variables required for a particular analysis. The number of patients included in each analysis (n) is reported. The STATA program (version 13) (StataCorp, 2013) and MATLAB 2020a (The MathWorks, 2020) were used for statistical analyses.




RESULTS


Characteristics of the Study Population

The means and SDs of the HTLs and ULLs for each ear and each frequency are shown in Table 1. The grand mean PTA across ears was 22 dB HL (SD = 15 dB) (n = 244). The grand mean PTA for the better ear was 18 dB HL (SD = 13 dB). The grand mean PTA for the worse ear was 26 dB HL (SD = 19 dB). Based on the PTA for the better ear, 65% of the patients had no hearing loss, 28% had mild hearing loss, and 7% had moderate hearing loss. Based on the PTA for the worse ear, 49% of the patients had no hearing loss, 34% had mild hearing loss, 13.5% had moderate hearing loss, 2.9% had severe hearing loss and 0.8% had profound hearing loss.


TABLE 1. Means (SDs) of hearing threshold levels (HTLs) and uncomfortable loudness levels (ULLs) in dB HL for each ear of the study population across different frequencies.
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For 64% of the patients (156/244), there was less than a 5-dB difference in PTA between the two ears. The difference in PTA between ears was ≥ 5 and < 10 dB for 20% of cases, ≥ 10 and < 20 dB for 5% of cases, ≥ 20 and < 30 dB for 4.5% of cases, and ≥ 30 dB for 6.2% of cases. The mean HTL slope was 22.7 dB (SD = 19.5 dB) for the left ears and 20 dB (SD = 19 dB) for the right ears. The HTL slope was ≥ 20 dB, for at least one ear, for 58% of the patients (143/248).

The grand average ULL across 0.25, 0.5, 1, 2, 4, 6, and 8 kHz and across ears was 78.5 dB HL (SD = 8.3) (n = 169). The average value of ULLmin was 77.7 dB HL (SD = 9) (n = 191). ULLmin values were 77 dB HL or below, suggesting hyperacusis for 30% of patients. About 1.5% of the patients were diagnosed with severe hyperacusis, based on them having a ULL of 30 dB HL or less for any frequency for either ear (Aazh and Moore, 2018). ULLs were symmetrical for 83% of patients, mildly asymmetrical for 14% and asymmetrical for 2.4%. The mean ULL slope was 5 dB (SD = 8 dB) for both ears. About 11.5% of patients had a ULL slope ≥ 20 dB for at least one ear.

For the study population, the mean scores for the HIQ, TIQ and SAD-T were 8 (SD = 7.5, n = 224), 8.4 (SD = 6, n = 170), and 4 (SD = 4, n = 253), respectively. Based on scores for the HIQ, 30% of patients had hyperacusis. Based on scores for the TIQ, 28% of patients had no tinnitus handicap, 20.5% had a mild tinnitus handicap, 10.5% had a moderate tinnitus handicap, and 41% (70/170) had a severe tinnitus handicap. Based on scores for the SAD-T, 44.5% of patients had symptoms of anxiety and/or depression. About 47% of the patients (113/241) reported a history of mental illness, 39% (94/240) reported seeing mental health professionals, and 31.5% reported that when they were under 18 years of age at least one of their parents had mental illness.



Comparison of Miso Cat 0 and Miso Cat 1

Overall, 23% of patients (59/257) were classified as Miso Cat 1. Patients in Miso Cat 1 were younger on average than those in Miso Cat 0 (Table 2). The percentage of females was 61% for Miso Cat 1 and 52% for Miso Cat 0, and the difference was not significant (χ2 = 1.5, p = 0.22). There was no significant difference in PTA between those in Miso Cat 0 and those in Miso Cat 1, as shown in Figures 1, 2.


TABLE 2. Results of independent-samples Welch’s t-tests comparing the PTA (pure tone average) averaged across ears, between-ears difference in PTA, ULLmin (across-frequency average uncomfortable loudness level for the ear with lower average ULL), between-ears difference in average ULL, ULL slope (the value of the difference in ULLs between 8 and 1 kHz) for each ear and averaged across ears, HTL slope (absolute values of the differences in hearing threshold levels between 8 and 1 kHz) for each ear and averaged across ears, scores for the TIQ (Tinnitus Impact Questionnaire), HIQ (Hyperacusis Impact Questionnaire), SAD-T (Screening for Anxiety and Depression-Tinnitus), and age for groups Miso Cat 0 and Miso Cat 1. Significant p values are indicated in bold font.
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FIGURE 1. Means and SDs (error bars) of the uncomfortable loudness levels (ULLs) and hearing threshold levels (HTLs) ‘of’ the right ear for Miso Cat 0 and Miso Cat 1 groups.
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FIGURE 2. As Figure 1 but for the left ear.


Based on the PTA for the better ear, among the 58 patients in Miso Cat 1, 59% had no hearing loss, 38% had mild hearing loss, and 3.5% had moderate hearing loss. Among the 190 patients in Miso Cat 0, 67% had no hearing loss, 24% had mild hearing loss, and 8% had moderate hearing loss. Based on the PTA for the worse ear, among the patients in Miso Cat 1, 45% had no hearing loss, 38% had mild hearing loss, 14% had moderate hearing loss, and 3.5% had severe hearing loss. Among the patients in Miso Cat 0, 50% had no hearing loss, 33% had mild hearing loss, 13% had moderate hearing loss, 3% had severe hearing loss, and 1% had profound hearing loss. The differences in distributions of hearing loss categories for the better and worse ears between Miso Cat 1 and Miso Cat 0 were not statistically significant (χ2 = 5.08, p = 0.079 and χ2 = 1.3, p = 0.86, respectively).

The HTL slope averaged across ears was ≥ 20 dB for 52% of those in Miso Cat 1 and for 59.5% of those in Miso Cat 0 (χ2 = 1.1, p = 0.3). The PTA differed across ears by less than 5 dB for 65.5% of those in Miso Cat 1 and 63.4% of those in Miso Cat 0. The difference in PTA across ears was ≥5 and <10 dB for 17% of cases in Miso Cat 1 and 21% of Miso Cat 0, ≥10 and <20 dB for 3. 5% of those in Miso Cat 1 and 5.9% of Miso Cat 0, ≥20 and <30 dB for 5.3% of those in Miso Cat 1 and 4.3% of those in Miso Cat 0, and ≥30 dB for 8.6% of those in Miso Cat 1 and 5.4% of those in Miso Cat 0. The proportions of patients falling in each asymmetry category did not differ significantly for Miso Cat 1 and Miso Cat 0 (χ2 = 1.7, p = 0.79).

As shown in Figures 1, 2, those in Miso Cat 1 had significantly lower (worse) mean ULLs than those in Miso Cat 0 for all frequencies and both ears (all p < 0.01). The ULL slope averaged across ears was ≥20 dB for 26% of patients (n = 12/46) in Miso Cat 1 compared to 7% (n = 10/145) in Miso Cat 0, and this difference in proportions was significant (χ2 = 12.6, p < 0.001).

Among patients in Miso Cat 1 (n = 38), ULLs were symmetrical for 82%, mildly asymmetrical for 16% and asymmetrical for 3%. Corresponding values for those in Miso Cat 0 were 84, 14, and 2%. The proportions of patients falling in each asymmetry category did not differ significantly for Miso Cat 1 and Miso Cat 0 (χ2 = 0.12, p = 0.94).

Among patients in Miso Cat 1, based on TIQ scores there was no impact of tinnitus for 8% (3/39), a mild impact for 13% (5/39), a moderate impact for 5% (2/39), and a severe impact for 74% (29/39). Among patients in Miso Cat 0, corresponding values were 34% (44/131), 23% (30/131), 12%% (16/131), and 31% (41/131). The proportions falling in the different tinnitus impact categories differed significantly between Miso Cat 1 and 0 (χ2 = 23.7, p < 0.001), the impact of tinnitus generally being greater for those in Miso Cat 1.

Based on the HIQ score, 73% (37/51) of those in Miso Cat 1 had a significant impact of hyperacusis compared to 18% (31/173) of those in Miso Cat 0, and this difference in proportions was significant (χ2 = 55.6, p < 0.001).

Based on the SAD-T score, 81% (47/58) of patients in Miso Cat 1 had symptoms of anxiety and depression compared to 33.5% (65/194) of patients in Miso Cat 0, and this difference in proportions was significant (χ2 = 40.8, p < 0.001).

Seventy one percent (40/56) of patients in Miso Cat 1 reported a history of mental illness compared to 39.5% (73/185) in Miso Cat 0, and this difference in proportions was significant (χ2 = 17.6, p < 0.0001). Fifty seven percent (32/56) of patients in Miso Cat 1 had seen mental health professionals compared to 34% (62/184) in Miso Cat 0, and this difference in proportions was significant (χ2 = 9.9, p = 0.002). Forty five percent (25/55) of patients in Miso Cat 1 reported that when they were a child at least one of their parents had mental illness compared to 27% (50/183) for Miso Cat 0, and this difference in proportions was significant (χ2 = 6.4, p = 0.011). Among patients with a history of parental mental illness in their childhood, 59% (43/73) had an abnormal SAD-T score compared to 39.5% (64/162) of those with no history of parental mental illness, and this difference in proportions was significant (χ2 = 7.6, p = 0.006).

Table 2 shows the results of Welch’s t-tests comparing various measures for those in Miso Cat 0 and Miso Cat 1. The mean ULLmin values were significantly lower and total scores for the SAD-T, TIQ, HIQ were significantly worse for Miso Cat 1 than for Miso Cat 0. The ULL slope was higher for Miso Cat 1 than for Miso Cat 0, but the HTL slope was lower for Miso Cat 1 than for Miso Cat 0. There were no significant differences between Miso Cat 1 and 0 in terms of the between-ear differences in ULL or PTA.



Audiological and Psychological Factors Related to Misophonia Symptoms

Of 257 patients, SSSQ4 scores of 0, 1, 2, and 3 were obtained for 149 (58%), 49 (19%), 21 (8%) and 38 (15%), respectively. As shown in Table 3, there were significant differences in ULLmin, HIQ, TIQ and SAD-T scores among patients with different SSSQ4 scores. Post hoc pairwise comparisons indicated that ULLmin was significantly lower only for patients who scored 3 compared to 0 for SSSQ4 (p = 0.013). The other pairwise comparisons were not significant (p > 0.05). HIQ scores were significantly worse for patients whose SSSQ4 scores were 3 vs. 0 (p < 0.0001), 2 vs. 0 (p = 0.009), 3 vs. 1 (p < 0.0001) and 3 vs. 2 (p < 0.0001). TIQ scores were significantly worse for patients whose SSSQ4 scores were 3 vs. 0 (p < 0.0001), 3 vs. 1 (p < 0.0001) and 3 vs. 2 (p = 0.005). SAD-T scores were significantly worse for patients whose SSSQ4 scores were 3 vs. 0 (p < 0.0001), 2 vs. 0 (p = 0.001), 3 vs. 1 (p < 0.0001) and 3 vs. 2 (p = 0.041). The other pairwise comparisons were not significant (p > 0.05).


TABLE 3. Means (SD) of ULLmin (across-frequency average uncomfortable loudness level for the ear with lower average ULL), PTA (pure tone average) across ears, and scores for the HIQ (Hyperacusis Impact Questionnaire), TIQ (Tinnitus Impact Questionnaire), and SAD-T (Screening for Anxiety and Depression-Tinnitus) for patients giving each SSSQ4 score, indicating the number of days that they were bothered by certain sounds in the last 2 weeks.
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There was no significant difference in the average PTA across ears for patients with different SSSQ4 scores.

As shown in Table 4, there was no significant correlation between the SSSQ4 scores and the average PTA values across ears. There were moderate to strong correlations between SSSQ4 scores and scores for the TIQ, HIQ, and SAD-T. Greater frequency of being bothered by certain sounds was associated with greater impact of tinnitus, greater impact of hyperacusis, and greater incidence of symptoms of anxiety and depression. SSSQ4 scores were moderately correlated with ULL slope values; a higher frequency of being bothered by specific sounds was associated with a greater ULL slope. There was a moderate negative correlation between SSSQ4 scores and ULLmin values and weak negative correlations with HTL slopes and with ages.


TABLE 4. Spearman correlations (ρ) and corresponding p values between the number of days out of 14 when bothered by certain sounds (based on SSSQ4 score) with: PTA (pure tone average) across ears, TIQ (Tinnitus Impact Questionnaire) scores, HIQ (Hyperacusis Impact Questionnaire) scores, SAD-T (Screening for Anxiety and Depression-Tinnitus) scores, ULL slope (the value of the difference in ULLs between 8 and 1 kHz) for each ear and averaged across ears, ULLmin (across-frequency average uncomfortable loudness level for the ear with lower average ULL), HTL slope (value of the differences in hearing threshold levels between 8 and 1 kHz) for each ear and averaged across ears, and age.
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The variables that were significantly correlated with SSSQ4 scores were included in logistic regression models to assess their influence on the OR of an SSSQ4 score of 1, 2, or 3 relative to a score of 0. The predictor variables were: (a) absence versus presence of hyperacusis based on ULLmin values; (b) category of tinnitus impact as measured via the TIQ; (c) no versus significant hyperacusis impact as measured via the HIQ; (d) absence versus presence of anxiety and depression as measured via the SAD-T, (e) ULL slope < 20 dB versus ≥ 20 dB; and (f) HTL slope <20 dB versus ≥20 dB. When all measures were treated as independent (columns 2 and 3 of Table 5), the resulting non-adjusted ORs differed significantly from 1 for all predictors, with the largest effects for tinnitus impact category being moderate or severe, significant impact of hyperacusis, and presence of symptoms of anxiety and depression.


TABLE 5. Results of a logistic regression model showing the odds ratio (OR) of the SSSQ4 score (dependent variable) relative to a baseline.
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Columns 4 and 5 of Table 5 show the outcomes of a model including all six independent variables but adjusted for age and gender and taking into account the effect of each of the six variables on the other variables. The number of patients included in the adjusted model was 120, as complete data for all measures were not available for all patients. For this model, the variables that significantly increased the likelihood of an SSSQ4 score above 0 were: (a) a severe impact of tinnitus; (b) a significant impact of hyperacusis; and (c) having symptoms of anxiety and depression. A difference in HTLs across frequency of 20 dB or more, associated with a high-frequency hearing loss, decreased the likelihood of an SSSQ4 score above 0.




DISCUSSION

Our results showed that 42% of patients seeking help for tinnitus and/or hyperacusis presented with some symptoms of misophonia. Twenty three percent of patients reported being bothered by certain sounds on 7-14 days in the last 14 days (Miso Cat 1). There was no difference in the prevalence of different degrees of hearing loss among patients in Miso Cat 1 and Miso Cat 0, but a significant proportion of patients in both groups (more than 33%) had some degree of hearing loss, indicating that misophonia is not restricted to those with normal hearing. The percentage of patients with hearing loss among those with misophonia symptoms reported here is higher than reported in previous studies. For example, Enzler et al. (2021b) reported that 22% of individuals with misophonia as measured via the MisoQuest had self-reported hearing issues and Siepsiak et al. (2022) reported hearing loss in 16% of participants with misophonia, as diagnosed using the criteria of Schroder et al. (2013). Most of the patients in those studies were recruited via social media, so their study population was different from that for our study.

Although the presence or absence of hearing loss did not seem to be related to the presence of misophonia symptoms, a steep slope of the audiogram, with greater loss at high frequencies, was associated with a reduced risk of misophonia. This probably occurs because some of the triggers for misophonia are sounds whose spectrum is dominated by high frequencies, such as the sound of crispy foods (Dacremont, 1995). Hearing loss at high frequencies reduces the likelihood that such trigger sounds will be audible.

The presence of symptoms of misophonia was not significantly related to between-ear differences in HTL or ULL. This indicates that the underlying mechanism of misophonia is unlikely to be related to asymmetric pathologies of the peripheral auditory pathway; rather, a more central mechanism is involved. This is consistent with imaging studies reporting altered non-auditory areas in the brain among patients with misophonia compared with healthy controls (Kumar et al., 2017; Lin et al., 2020).

In this paper, one of the criteria for indicating the presence of hyperacusis was a ULLmin value ≤77 dB HL (the other criterion was HIQ score). The use of ULLs for diagnosing hyperacusis has been challenged by several authors; some studies have reported that ULLs averaged across frequency were not significantly correlated with self-report measures of hyperacusis (Khalfa et al., 2002; Meeus et al., 2010). In addition, there are differences in the criteria for diagnosing hyperacusis based on ULLs (Goldstein and Shulman, 1996; Anari et al., 1999; Jastreboff and Jastreboff, 2000). For example, Goldstein and Shulman (1996) suggested that ULLs between 80 and 90 dB HL at two or more frequencies indicate mild hyperacusis, ULLs between 65 and 75 dB HL indicate moderate hyperacusis and ULLs below 60 dB HL indicate severe hyperacusis. Anari et al. (1999) suggested 70 dB HL as the cutoff value indicating significant hyperacusis. Jastreboff and Jastreboff (2000) suggested that “threshold of significant hyperacusis is defined as average LDLs below 100 dB HL” (LDL stands for loudness discomfort level, which is another term for ULL). Sheldrake et al. (2015) reported that if a criterion value of 100 dB HL for ULLs averaged across 0.5, 1, 2, and 4 kHz (denoted ULL0.5–4) is used, this results in a positive diagnosis for 90% of those with hyperacusis, but results in a high false positive rate of 60% (and a corresponding specificity of only 40%).

Sherlock and Formby (2005) reported that among individuals with no complaint of hyperacusis the average value of ULL0.5–4 was 102 dB HL (SD = 12 dB). They showed that 50% of people with no hyperacusis had average ULL0.5–4 values less than 105 dB HL, 25% had ULL0.5–4 values less than 94 dB HL, and 5% had ULL0.5–4 values less than 80 dB HL. To avoid excessive false positives when diagnosing hyperacusis based on ULL0.5–4, the lower 95% bound of the global mean for people without hyperacusis can be used as the cutoff; this is obtained by subtracting from that mean 1.96 times the square root of the variance of the mean, giving a value of 80 dB HL based on the data of Sherlock and Formby (2005).

Aazh and Moore (2017b) took a different approach. As noted earlier, they based their analyses on the average ULL across 0.25, 0.5, 1, 2, 3, 4, 6, and 8 kHz for the ear with lower average ULLs, denoted ULLmin. They chose a cutoff value for ULLmin corresponding to the 95% upper bound of the ULLmin values for people with hyperacusis as diagnosed via the score for Hyperacusis Questionnaire (HQ) (Khalfa et al., 2002); this was obtained by adding 1.96 times the square root of the variance of the global mean ULLmin value to the global mean value, based on the clinical data of patients seen in a tinnitus and hyperacusis service. The resulting value was 77 dB HL. For this criterion, anyone with ULLmin ≤ 77 dB HL is diagnosed as having hyperacusis. Based on the data reported by Aazh and Moore (2017b), sensitivity with this criterion is 53% and specificity is 79%. Thus, the cutoff value of 77 dB HL only rarely results in false positives. The ULLmin criterion of 77 dB has recently been used in a study of Enzler et al. (2021a), who proposed a novel method of assessing hyperacusis using psychoacoustic ratings of natural sounds. Their results showed good consistency of the new psychoacoustic method in diagnosing hyperacusis with the ULLmin criterion. Note, however, that whatever criterion is chosen, diagnosis of hyperacusis based on ULLs is imperfect. That is why, in the present study, HIQ scores were used in addition to ULLs.

The average value of ULLmin was 74 dB HL for those in Miso Cat 1 and 79 dB HL for those in Miso Cat 0, and this difference was significant. Also, there was a moderate negative correlation between SSSQ4 scores and ULLmin values. In other words, those with low ULLmin values were more likely to show symptoms of misophonia. In contrast, Siepsiak et al. (2022) reported no statistically significant difference in average ULLs across ears between patients with and without misophonia, although there was a trend in the same direction as found in the present study. The difference across studies may be a consequence of the different study populations, but may also be related to differences in the method for measuring ULLs. The maximum presentation level used by Siepsiak et al. (2022) ranged from 90 to 120 dB HL depending on the test frequency. In our study, the level was limited to 80 dB HL regardless of frequency in order to avoid discomfort, as recommended by Aazh and Moore (2017c).

One concern is the extent to which the cap of 80 dB HL influenced the values of ULLmin. There were very few cases of patients who were classified as having hyperacusis based on ULLmin who did not press the button indicating the onset of discomfort at a level of 80 dB HL or below, so the artificial value of 85 dB was used only rarely, and then usually only for one or two frequencies. Thus, the cap of 80 dB HL had very little influence on the values of ULLmin among those who were classified as having hyperacusis based on ULLmin. For patients who were not classified as having hyperacusis based on ULLmin, 59 and 70 (out of 133) did not press the button at 80 dB HL or below for the left and right ears, respectively. Therefore, the cap of 80 dB HL would have reduced the mean ULLmin value among patients who were not classified as having hyperacusis based on ULLmin values. The overall effect of the cap was to reduce the difference in average ULLmin values for those diagnosed as having versus not having hyperacusis. It is likely that the differences in ULLmin values between those in Miso Cat 0 and Miso Cat 1 would have been even larger if the cap of 80 dB HL had not been imposed.

The ULL slope was significantly higher (steeper) for patients in Miso Cat 1 than for patients in Miso Cat 0. The ULL slope values were moderately correlated with SSSQ4 scores, indicating that patients with misophonia symptoms are likely to be more bothered by high-frequency sounds than by low-frequency sounds. This is consistent with the finding that sounds with strong concentrations of energy in the range 2.5 to 5.5 kHz are associated with auditory perceptual unpleasantness for normal subjects (Halpern et al., 1986; Kumar et al., 2008). The auditory system is maximally sensitive over this frequency range, in that absolute thresholds are lowest, and for a given sound level loudness is greatest (Moore et al., 1997). This sensitivity may be magnified in patients with misophonia, as has been observed for individuals with noise sensitivity (Kliuchko et al., 2016). High sensitivity to high-frequency sounds has also been reported for cases of severe hyperacusis (Aazh and Moore, 2018) and many of the patients in our sample with higher SSSQ4 scores also had hyperacusis as measured via the HIQ and ULLmin.

The proportion of patients who had seen mental health professionals was significantly higher for Miso Cat 1 than for Miso Cat 0. This is consistent with the finding of Kılıç et al. (2021) that contact with mental health services for any psychological problem was more common among those with misophonia than among those without (48 vs. 29%). The present study showed that SAD-T scores were moderately correlated with SSSQ4 scores. This is consistent with other reports of a relationship between misophonia and mental illness (Guetta et al., 2022; Siepsiak et al., 2022). More in-depth investigation is needed to shed light on the directionality of the association between misophonia and psychiatric disorders/symptoms. Specifically, it would be useful to assess whether the chance of being affected by psychiatric disorders is higher when misophonia already exists (Erfanian et al., 2019).

A new finding of our study was that the proportion of patients with a childhood history of parental mental illness was higher for Miso Cat 1 (45%) than for Miso Cat 0 (27%). This is consistent with reports of a higher impact of tinnitus, hyperacusis-induced anxiety, and depression symptoms among patients who reported that during their first 18 years of life their parent(s) suffered from a mental illness (Aazh et al., 2018, 2019a,c, 2020). Mounting evidence suggests that adverse childhood experiences play a major lifelong role in mental and physical problems (Anda et al., 2006, 2010; Erfanian, 2018). Parental mental illness is an important form of adverse childhood experiences (Anda et al., 2006). Future studies should explore the history of exposure to various childhood adverse experiences, ranging from different forms of abuse (physical, emotional, or sexual), neglect (physical and emotional) and various aspects of household dysfunction (substance abuse in the family, parental mental illness, mother treated violently, imprisoned household member, or parental separation) among patients with misophonia (Felitti et al., 1998; Felitti, 2009). This is important because, if a significant relationship exists, the presence of more severe misophonia symptoms in patients could be an indicator of childhood adverse experiences. Patients with a history of childhood adversities often need more complex and in-depth psychological treatments for their mental health should they develop emotional problems (Pigeon et al., 2009; Kajeepeta et al., 2015).

Scores for the TIQ and HIQ were significantly worse for patients in Miso Cat 1 than for those in Miso Cat 0. Also, TIQ scores were moderately correlated with SSSQ4 scores and HIQ scores were strongly correlated with SSSQ4 scores. The adjusted logistic regression model showed that patients with a severe impact of tinnitus and a significant impact of hyperacusis were more likely to have a higher SSSQ4 score. To the best of our knowledge, these are novel findings. This is consistent with the similarity of the neuropathology of misophonia, hyperacusis and tinnitus, as indicated by altered auditory-limbic system connections (Kumar et al., 2017; Lin et al., 2020), micro-structural alternations of white matter in non-auditory regions (Chen et al., 2020; Eijsker et al., 2021a), and functional connectivity among auditory cortex, cerebellum and the limbic system (Kumar et al., 2017; Cai et al., 2019; Eijsker et al., 2021b). A similar relationship has been reported between tinnitus and hyperacusis: patients with a more severe impact of tinnitus also tend to have more severe symptoms of hyperacusis (Aazh and Moore, 2017d; Cederroth et al., 2020; Aazh et al., 2021).

The adjusted logistic regression model also showed that a score of 4 or more for the SAD-T significantly increased the odds of having a higher SSSQ4 score, consistent with the idea that misophonia is associated with anxiety and depression. Given that misophonia leads to significant emotional distress, interpersonal and social difficulties, disability, and interference with daily life, it is not surprising that it contributes to the development of anxiety and depression. Sufferers may also experience functional impairments, such as difficulty in performing their job and concentration difficulties (Swedo et al., 2022). Finally, the adjusted model showed that a slope of the audiogram of 20 dB or more significantly decreased the odds of having a higher SSSQ4 score, consistent with the idea that reduced audibility of high-frequency sounds decreases the chances of misophonia trigger sounds being audible. There is a gap in our understanding of the function of auditory system in this patient population, and future studies should explore other characteristics of the auditory system among patients with misophonia using psycho-acoustic and electrophysiological measures.

This study was based on a retrospective analysis of the available clinical data for patients seen during the years 2019 and 2020. Therefore, we were limited to the measures that were obtained as a part of routine clinical practice at the THTSC during that time. Misophonia was assessed based on only one question (item 4 of the SSSQ). This is not unusual for clinical services, since misophonia questionnaires have not yet been widely adopted by audiologists in day-to-day clinical practice. However, we recognize that using only one question to assess misophonia is not ideal, although it has been done by other researchers for assessing misophonia, hyperacusis severity, hearing impairment and tinnitus severity (Schecklmann et al., 2014; Greenberg and Carlos, 2018; Cederroth et al., 2020; Jaswal et al., 2021). Also, the validity and reliability of using SSSQ4 to assess the frequency of reported misophonia symptoms have not been evaluated. Therefore, the results of our correlational and regression modeling need to be interpreted with caution. To address this limitation, future studies should use validated measures to assess the relationship between misophonia and measures of the impact of tinnitus and hyperacusis, measures of anxiety and depression, and hearing-related variables. Examples of these measures are MisoQuest (Siepsiak et al., 2020), the Amsterdam Misophonia Scale (Schroder et al., 2013; Naylor et al., 2021), the Misophonia Response Scale (Dibb et al., 2021), the Core Discriminant Sounds of Misophonia (Enzler et al., 2021b), the Duke Misophonia Questionnaire (Rosenthal et al., 2021) and the Misophonia Questionnaire (MQ) (Wu et al., 2014).

Another limitation is that all patients were referred to an audiology clinic for tinnitus and/or hyperacusis management. Therefore, our results are probably not representative of the general population or of patients referred to mental health services.



CONCLUSIONS

Among a population seeking help from an audiology clinic for tinnitus and/or hyperacusis, 23% were classified as having misophonia. The presence and frequency of reported symptoms of misophonia were not related to audiometric thresholds, or to the asymmetry of audiometric thresholds across ears, except that a steeply sloping audiogram reduced the likelihood of more frequently reported misophonia symptoms in a 2-week period. The latter effect may reflect the finding that the sounds that trigger misophonia often contain significant energy at high frequencies, and high-frequency hearing loss reduces the likelihood of such sounds being audible. Those with higher SSSQ4 scores had lower values of ULLmin (the across-frequency average of ULLs for the ear with lower average ULLs) than those with lower SSSQ4 scores. The frequency of reported misophonia symptoms as measured via SSSQ4 increased with increasing impact of tinnitus. Using a logistic regression model adjusted for the effects of age and gender, it was found that a TIQ score ≥9 increased the odds of reporting misophonia symptoms by a factor of 5.4. Using the same adjusted model, it was found that an HIQ score >11 (indicating a significant impact of hyperacusis) increased the odds of reporting misophonia symptoms by a factor of 3.9. Using the same adjusted model, it was found that a SAD-T score ≥4 (indicating symptoms of anxiety and depression) increased the odds of reporting misophonia symptoms by a factor of 2.8. We conclude that, when assessing individuals with tinnitus and hyperacusis, it is important to screen for misophonia, particularly when ULLmin is abnormally low or the TIQ, HIQ or SAD-T score is abnormally high. This will help clinicians to distinguish misophonia from similar disorders, guiding the choice of therapeutic strategies.
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INTRODUCTION

A small body of academic literature on misophonia has developed over the last decade. This research includes case studies, experimental studies with small convenience samples, and those with more stringent study designs. For a list of studies see Brout et al. (2018). New hypotheses use prior papers as their basis and therefore some early misconceptions about misophonia and its definition are carried throughout some present-day research across the disciplines of audiology, otolaryngology, psychology, and psychiatry. The result is confusion amongst misophonia sufferers, as well as disagreement across clinicians and researchers. Based on these studies, numerous individuals with misophonia have received treatments that ranged from ineffective to highly uncomfortable. Thus, the need for a consensus definition is clear.

The Misophonia Research Foundation, in partnership with the Center for Strategic Philanthropy, responded to this need by using a modified Delphi method, which structures group communication to deal with a complex problem (Stone Fish and Busby, 2005). It is a lengthy process that begins with the grouping of 15 experts. Experts were comprised of psychologists/psychiatrists, audiologists/ear, nose and throat (ENT) physicians/hearing scientists, a small number of neuroscientists, and one pediatrician. The result of the modified Delphi process yielded a consensus definition that was descriptive in nature, but missed some issues crucial to the misophonia sufferer, omitted some important related literature, and included some contradictory statements.



SUMMARY OF THE CONSENSUS DEFINITION

The definition includes a general description of misophonia stating that the disorder is related to a decreased tolerance for pattern-based and repetitive sounds, regardless of loudness. The authors explain that triggers have specific meaning to people and are most often sounds (or related stimuli) emanating from other human beings. The authors suggest that reactions to triggers are mediated by context, the relationship between the individual with misophonia and the trigger source, and the degree to which the one perceives control over the situation. This is a potential contradiction to be discussed in the next section. According to the definition, once an individual with misophonia notices a trigger, they are unable to “distract themselves” from that stimulus. The authors continue to state that misophonia appears to vary from mild to severe, and may impact social, academic, and occupational functioning. Finally, according to the consensus definition, misophonia typically begins in childhood and adolescence. For a thorough version of the consensus definition, please see Swedo et al. (2021).


Issues to Consider Regarding the Consensus Definition

One statement within the definition stands out as highly contradictory. The authors state that “Misophonic responses do not seem to be elicited by the loudness of auditory stimuli but rather by the specific pattern or meaning to an individual,” while also asserting that “sounds associated with oral functions are among the most often reported misophonic trigger stimuli, such as chewing, eating, smacking lips, slurping, coughing, throat clearing and swallowing” (Swedo et al., 2021). How can most people with misophonia be triggered by the same sounds if these sounds are personal to them?




THE NATURE OF SOUNDS AND GATING

Attention to the acoustic nature of trigger sounds and how these sounds are neurologically processed may help to parse out this very salient feature of misophonia. However, the papers used in the Delphi study left out this issue and relevant cross-disciplinary work. For example, numerous populations have shown the relationship of sympathetic nervous system arousal in response to repetitive auditory stimuli. In some of these populations, clinicians and researchers commonly suggest co-occurring disorders regarding misophonia. Specifically, studies of children with general sensory processing disorder (SPD) and autism spectrum disorder (ASD) show deficiencies in auditory gating (Brout et al., 2018). Auditory gating is the brain's capacity to selectively regulate sensitivity to auditory sensory stimuli, and is measured through event-related potentials (ERPs) comprised of the P50, N1, and P2 peaks (Brout et al., 2018). Similarly, Schröder et al. (2014) demonstrated that the magnitude of the N1 peak in persons with misophonia was smaller than that in controls, suggesting the possibility of sound encoding deficits in misophonia (Brout et al., 2018). Yet, research consistently demonstrating abnormal sensory processing, measured in terms of early ERP components in the sensory cortex, was overlooked in the consensus definition (Brown et al., 2001; Kisley et al., 2004; Davies and Gavin, 2007; Perry et al., 2007; Jeste and Nelson, 2009; Yadon et al., 2009; Brett-Green et al., 2010; Gavin et al., 2011; Schröder et al., 2014). In addition, when one considers that many individuals with misophonia also report visual sensitivity to movement (Green and Ben-Sasson, 2010) it is appropriate to have considered studies related to visual and auditory cross-modal processes. For further explanation of this see Brout et al., 2018).

These oversights may reflect the authors' collective conclusion that certain language should be left out of the definition of misophonia. The authors state that they cannot commit to any classification of the disorder but suggest that there may be some “underlying organic component.” The committee concluded that “postulated mechanisms don't belong in the definition at this time.” Unfortunately, that leaves us with a definition that excludes what is likely the most objective and rigorous research in misophonia, work from the field of neuroscience.



CONSIDERATIONS REGARDING A DIMENSIONAL DEFINITION

The consensus definition, then, follows a model of only using observable behavior to identify and classify mental functions. This paradigm, long utilized by the American Psychiatric Association (Schröder et al., 2013) in the DSM (Diagnostic and Statistical Manual) is limited and has been challenged by a more dimensional approach to defining complex mental phenomena. An example of this is the Research Domain Criteria Matrix (RDoC), an initiative of the United States National Institute of Mental Health (American Psychiatric Association, 2013). This movement toward a more dimensional approach to nosology in psychiatry and psychology, allows for the inclusion of perspectives from related fields. As misophonia is a multidisciplinary disorder, a more dimensional definition may be better.

The RDoC framework is a research strategy that involves a matrix of interacting elements related to six major domains of human functions. These domains include sensorimotor systems, arousal/regulatory systems, systems for social processing, cognitive systems, positive valence systems, and negative valence systems. Contained within each of these domains are constructs, or behavioral elements, indicating a range of functioning from typical to atypical. These constructs reflect both neurodevelopmental processes, as well as changes in functioning that may result from environmental influences. For example, the constructs utilize units of analysis related to genetic, neurocircuitry, behavioral, and self-report measures.

The RDoC matrix is designed to evolve along with novel research and strives to provide information about the “basic biological and cognitive processes that lead to mental health and illness.” (National Institute of Mental Health, n.d.). While the RDoC is not yet a diagnostic system, its purpose is to help reconceptualize mental disorders and diagnosis. It seeks to inform mental health measurement, diagnosis, and treatment while increasing knowledge regarding how biological, physiological, and behavioral mechanisms interact (National Institute of Mental Health, n.d.).



DISCUSSION

The consensus definition is based on a review of research papers that include many, although not all, of these dimensions. For example, the consensus definition is impacted by the absence of rigorous research within certain RDoC constructs, such as genetics. Also, leaving out “postulated mechanisms” from the final consensus definition constrains it to mainly observable behavior. Both RDoC and the misophonia consensus definition were designed to evolve as research develops. Therefore, considering a synchronous approach might better serve to explore of all the interacting dimensions of misophonia.

Adding in the “postulated mechanisms” to the consensus definition would accomplish this, or at least start the process of this multidimensional exploration. For example, Brout et al. (2018) weaves the six RDoC domains into the definition of misophonia and further explains underlying mechanisms contributing to this disorder. Specifically, this review, along with reports of behavioral observation, self-reports, and initial case studies, includes discussion of central arousal systems and how they relate to the physiological data in misophonia. In a separate section, the paper addresses sensorimotor mechanisms and how these are involved in development and the onset of misophonia, which complies with RDoC standards to include a neurodevelopmental dimension. This dimension also allows for relevant studies related to auditory/sensory gating, which is important given that developmental studies of children diagnosed with atypical sensory processing similar to that in misophonia (e.g., SPD and ASD) tend to demonstrate commonalities in auditory gating deficits (Kisley et al., 2004; Brett-Green et al., 2010; Gavin et al., 2011).

Finally, the consensus definition's well-intended effort falls short in other ways. While it is purported to be a modifiable definition, given the use of the term “expert” it also carries a lot of weight in its original form. It is important to consider that it may be counter-intuitive to call this an expert definition when, by nature of its novelty in research, the underlying mechanisms of misophonia are still poorly understood. Certainly, there is a need for a consensus definition, yet this one reflects the known circularity of the methodology and brings in assumptions from the early literature into the definition. It is then reiterative of the very problems the authors sought to address. Revisiting this definition with a more dimensional approach would be a prudent consideration.
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This study examines the role of source identification in the emotional response to everyday sounds. Although it is widely acknowledged that sound identification modulates the unpleasantness of sounds, this assumption is based on sparse evidence on a select few sounds. We gathered more robust evidence by having listeners judge the causal properties of sounds, such as actions, materials, and causal agents. Participants also identified and rated the pleasantness of the sounds. We included sounds from a variety of emotional categories, such as Neutral, Misophonic, Unpleasant, and Pleasant. The Misophonic category consists of everyday sounds that are uniquely distressing to a subset of listeners who suffer from Misophonia. Sounds from different emotional categories were paired together based on similar causal properties. This enabled us to test the prediction that a sound’s pleasantness should increase or decrease if it is misheard as being in a more or less pleasant emotional category, respectively. Furthermore, we were able to induce more misidentifications by imposing spectral degradation in the form of envelope vocoding. Several instances of misidentification were obtained, all of which showed pleasantness changes that agreed with our predictions.
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INTRODUCTION

Everyday sounds play an important role in our lives by providing information about the events occurring in the world around us. For example, sounds help to keep us alive by warning us of approaching danger in our environment, especially in the absence of visual information such as in the dark or when we are asleep. Similarly, sounds signal the start of new events, causing us to divert our attention to sudden changes in sound (Neuhoff and Heller, 2015). Upon hearing a sound, we also cognitively infer features about its source and the physical event that produced it. Most sound-causing events are best described as a force applied to an object (or substance) causing it to vibrate. Since the sounds which humans hear are the result of the propagation of these vibrations (usually through air), sound provides vital information about the causal properties of the event. The properties considered in this study are: causal action (e.g., an impact), causal object (properties of the object that make the sound, such as a hollow drum and a stick), and causal agent (such as a person). There is evidence that people use causal properties when identifying sound sources. For example, people can identify causal actions (Guastavino, 2007; Lemaitre and Heller, 2012; Martín et al., 2015; Navolio et al., 2016; Lemaitre et al., 2018), causal materials and object properties (Arnott et al., 2008; Grassi et al., 2013; Lemaitre et al., 2018), causal sound source (Ballas, 1993), and causal agents (Caramazza and Shelton, 1998; Engel et al., 2009). While everyday sounds inform us about the environment, they are also qualitatively different than other common sounds, particularly social ones such as language and music. In contrast to language and music, everyday sounds are not as structured, tonal, and rhythmic. Instead, they contain more noise and randomness, which makes their acoustical features generally difficult to characterize (McDermott, 2012). Nonetheless, we have made progress in finding acoustic regularities in everyday sounds which can help discriminate their causal actions (Gygi et al., 2004; Heller and Sheikh, 2019).

While sounds inform us about events, it is also common for sounds to trigger emotional or physiological responses (Keil et al., 2007). Some sounds, such as a favorite piece of music, can evoke joy or pleasant chills (Blood and Zatorre, 2001; Barratt and Davis, 2015), while other sounds, such as crying, can evoke discomfort (Zald and Pardo, 2002; Anders et al., 2008; Grewe et al., 2011; Kumar et al., 2012; Ro et al., 2013). However, for a subset of people, certain common sounds elicit irritation, rage, or even panic (Edelstein et al., 2013; Rouw and Erfanian, 2018). Individuals who experience this type of debilitating response suffer from a sound intolerance disorder known as Misophonia (Jastreboff and Jastreboff, 2001; Swedo et al., 2022). Estimates of Misophonia prevalence range from about six to twenty percent of the population, depending on the criteria used, and Misophonia tends to impact more women than men (Potgieter et al., 2019). Misophonia has been characterized as a chronic disorder, and can be comorbid with other conditions, for example, obsessive–compulsive disorder, anxiety, and the personality trait of neuroticism (Cusack et al., 2018; Erfanian et al., 2019; Cassiello-Robbins et al., 2020, 2021; Çolak et al., 2021). Although Misophonia is similar to other sound intolerance disorders such as Hyperacusis, a number of researchers have made a strong case for Misophonia being a unique disorder in terms of its specific symptoms and neural responses (Edelstein et al., 2013; Cavanna and Seri, 2015; Kumar et al., 2017; Taylor, 2017; Brout et al., 2018). Although more than one set of criteria exists for Misophonia, including the Amsterdam Misophonia Scale (A-MISO-S), MisoQuest, Misophonia Questionnaire (MQ), and the Duke Misophonia Questionnaire, there is good agreement on the common trigger sounds (Schröder et al., 2013; Wu et al., 2014; Jager et al., 2020; Siepsiak et al., 2020; Naylor et al., 2021; Rosenthal et al., 2021). More specifically, common trigger sounds typically arise from everyday events which makes it particularly difficult to avoid triggers. Misophonia trigger sounds are often noises made by the body of another person, especially nasal and oral sounds, like slurping and chewing, and/or repetitive noises, such as keyboard typing or pencil tapping, but they are not confined to those categories (Enzler et al., 2021; Hansen et al., 2021). The person or context producing the sounds can affect the trigger’s potency. When in the presence of triggers, these sounds disturb mental faculties such as cognitive control and learning retention in misophonic individuals (Seaborne and Fiorella, 2018; Daniels et al., 2020). The prevalence of these triggers can cause people to avoid school, family, and friends. This avoidance can severely damage social interactions and overall quality of life.

Although misophonic triggers are well documented, there is no comprehensive or predictive explanation as to why certain sounds tend to become triggers. However, there is evidence in the literature that profound emotional responses to sound can be driven by the meanings and causes of the events that the sounds signify, rather than by the sounds’ acoustic qualities (Halpern et al., 1986; Brout et al., 2018; Edelstein et al., 2020). This claim is supported by the observation that the identification of a sound can change its perceived valence. Consider the example of scratching a slate blackboard. Listeners who are informed that the experiment used the sound of a scratched blackboard rated the sound as worse than participants who were not given this information (Ely, 1975; Halpern et al., 1986). It is worth asking whether this observation for a generally unpleasant sound generalizes over a wider range of sounds. There is one known example of a similar effect for a misophonic sound, in which human eating sounds are rated as more unpleasant if correctly categorized at the time of the rating (Edelstein et al., 2020). For all types of sounds, misophonic or not, it is useful to expand the repertoire of known instances in which misidentification of a sound changes its valence. Obtaining a larger number of examples will permit us to discover whether this effect is systematic and if so, how unpleasantness relates to the identification and causal properties of sounds.

Given that sound identification can influence the emotional response to a sound, it follows that the perception of causal properties should likewise affect the pleasantness of a sound. Yet, it is unknown how each of these causal properties contribute to a misophonic response. The types of sounds that have been found to precipitate misophonic responses are caused by a variety of actions (scraping, tapping, etc.), materials (metal, liquid, etc.), and agents (human, machine, etc.). For example, it may be the case that the same object produces either a disturbing or pleasant sound depending upon the action performed with it. One opportunity to study these questions is provided by misidentification of sounds because they reveal the effect of the meaning of a sound separate from its acoustics.

To create an experiment that produces misidentifications, we started with the observation that listeners naturally infer qualities about sounds when they hear them. Our study addresses this notion by asking listeners about the causal properties they hear in everyday sounds: actions, materials, and causal agents. In some instances, listeners might identify only some of the causal properties of a sound, but in others, they may infer multiple possible causes or misattribute a certain causal property. Considering that sound recognition is the endpoint of the auditory cognition process, causal properties such as actions and materials may be inferred (either correctly or incorrectly) regardless of whether the sound source is identified. Here we investigated whether misinterpretation of a sound’s cause altered its pleasantness. We hypothesized that a sound that is normally neutral should become more unpleasant if the causal action or material is heard incorrectly as being that of a more negative sound. In contrast, a sound that is normally unpleasant should become more positive if the cause of the sound is misheard as having a more neutral source.

We tested this hypothesis by including sounds that shared similar causal properties to encourage misidentification. The final set of everyday sounds belonged to one of the following categories: Neutral, Misophonic, Unpleasant, or Pleasant. Each Negatively valenced sound (from both Unpleasant and Misophonic categories) was paired with a Neutral sound; for example, the sound of Slurping a beverage, a Misophonic sound, was paired with the sound of a Sink draining, a Neutral sound. Listeners judged the pleasantness, causal actions, materials, and agents of all sounds before they attempted to identify any of them. Our population was not recruited or screened for any diagnosis, although we measured each listener’s self-reported tendency toward sound intolerance. In a second experiment, we address the fact that misidentification of causal properties of everyday sounds can happen due to a degradation of the acoustic signal. For example, distortion resulting from sensorineural hearing loss, hearing aids, and cochlear implants (CIs) may all degrade auditory inputs, thereby producing a higher rate of sound misidentifications. We tested whether such experimentally induced misidentifications would display the same effect on pleasantness seen in Experiment One and whether these acoustic distortions reduce pleasantness overall.



EXPERIMENT 1

Our first Experiment examined the role of source identification in the pleasantness of everyday sounds. Naïve listeners assigned causal properties, such as materials, actions, and agents, to unidentified brief everyday sounds. We used prior research to sort these sounds into four emotional categories: Neutral, Pleasant, Unpleasant, or Misophonic (Cox, 2008; Enzler et al., 2021; pilot data). The possible causal actions were: crushing, scraping, tapping, ringing, blowing, puffing, suctioning, splashing, and flowing. The possible causal materials were: wood, metal, air, liquid, human body. The causal agents were living (either human or non-human) or non-living. Subsequently, listeners rated sound pleasantness, and lastly, they identified each sound from a closed set of possible labels. The stimulus set was constructed so that each Unpleasant and Misophonic sound had an action and material that was present in at least one Neutral sound. This design permitted the exploration of whether misattribution of a property was associated with a change in the pleasantness rating to match its attribution.


Methods: Experiment 1


Participants

Recruitment for both experiments was conducted through Carnegie Mellon University’s (CMU) Psychology Department for course credit. Consent and procedures were approved by CMU’s Institutional Review Board. Participants under 18 years old or with abnormal hearing were excluded. All participants ranged in age from 18 to 22, with the majority being undergraduate students. Experiment 1 had 39 participants who passed the screening (21 male, 17 female, 1 other).



Stimuli

The stimuli were fourteen brief everyday sounds covering a range of categories, actions, and materials. The sounds were sorted into Neutral, Pleasant, Unpleasant, and Misophonic categories based on previous literature and preliminary tests (Cox, 2008; Enzler et al., 2021). Table 1 displays all fourteen sound stimuli, with their names, categories, and pair labels. See the next paragraph for a full discussion of the pair labels. Each sound was trimmed to have a duration between 1 and 5 s (see Supplementary Table S1). Sounds were diotic, 16-bit 44,100 Hz WAV files. Experiment 1 stimuli were matched based on perceptual loudness, which was equalized in two steps. First, the root mean square (RMS) of the sample amplitudes (−1 to 1) in each sound file was computed (RMS ranged from 0.00343 to 0.02386) and scaled to be equal. Second, listening in the lab determined that some sounds needed to be adjust downwards in level to match the loudness of the others. This process was done for each sound iteratively until they were agreed to match in loudness by a pilot test of three listeners. We obtained these sounds from various sources, including the Dataset of Environmental Sound Classification (ESC-50) (Ringing church bells, Slurping beverage, Wind blowing), in-house recordings (Tool scraping, Squeezing spray bottle, Sink draining, Squeezing spray bottle, Chewing food), and freesound.org (Woodpecker tapping, Fork scraping plate, Ringing fire alarm, Nose sniffling, Clicking a pen, Stream flowing) (Piczak, 2015).


TABLE 1. Fourteen sound stimuli utilized in Experiment 1 and Experiment 2.

[image: Table 1]
We paired the six Misophonic and Unpleasant sounds with each Neutral sound by shared causal properties. For each, the pair number and sound category is labeled by C# (C = sound category, either N for Neutral, M for Misophonic, U for Unpleasant, or P for Pleasant, and # = pair number). The intended pairings for Unpleasant sounds were the Fork scraping plate (U1) and Tool scraping (N1), which shared the scraping action and metal material, and the Ringing fire alarm (U2) and Ringing church bells (N2), which shared ringing action and metal material. These two intended pairs are denoted as Pairs 1 and 2, respectively. The pairings with Misophonic sounds were as follows: Nose sniffling (M3) and Squeezing a spray bottle (N3) shared puffing action and air material; Slurping beverage (M4) and Sink draining (N4) shared suctioning/flowing actions and liquid material; Chewing food (M5) and Stirring cereal (N5) shared crushing action; and Clicking a pen (M6) and Woodpecker tapping (N6) shared the tapping action. These pairings are denoted as Pairs 3–6. The two Pleasant sounds, Stream flowing and Wind blowing were not paired with a shared action or material and are both referred to as Pair 7 (P7). Supplementary Table S1 shows the sound pairings and their presumed overlapping causal properties.



Design

The five sections of experimental questions about sound events were: causal actions (nine items), causal materials (five items), causal agent (one item), pleasantness, and identification. These sections are displayed in Table 2, including specific details about each. These seventeen questions were divided into three blocks, with the fourteen sounds presented in random order within each block. The first block consisted of three matrices that contained the causal properties. Each sound was played once, with instructions that permitted replaying only if there was a technical difficulty in hearing the sound. On a single page, all matrices were presented beneath the sound clip and rated before moving on to the next sound. The action questions, presented in a matrix format, asked how likely it was that a particular action could have produced some, or all, of the sound. The action verbs were: crushing, scraping, tapping, ringing, blowing, puffing, suctioning, splashing, and flowing. This action set was based on previous studies (Lemaitre and Heller, 2012; Heller and Sheikh, 2019; Elizalde et al., 2021) and piloting; they were sound-generating action verbs that ensured every sound had at least one relevant action. We kept the number of verbs small by ensuring that they pertained to more than one sound and therefore were not equivalent to identifying a single sound source. The material matrix asked whether each material was directly involved in making the sound. The material words were: wood, metal, air, liquid, and human body. The causal agent question was a third matrix that asked how likely it was that the sound was caused by the actions of a living being, irrespective of it being a human or an animal. This animate agent question specifically asked whether a living source performing an action on an object caused the sound. This question allowed for the listener to indicate an animate cause (a human) directing the events (drumbeats) despite the core elements of the sound event being inanimate (a stick and a drum). In each of these rating questions, the instructions encouraged participants to give ratings greater than 1 for more than one question per sound. This instruction encouraged thoughtful responses and discouraged rating one action or material high and all others low.


TABLE 2. Main five survey sections of action, material, agent, pleasantness, and identification questions.
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The second experimental block contained questions about sound pleasantness. Sounds were presented one at a time on the page in random order. Pleasantness ratings for each sound were given via a slider scale ranging from –5 to 5, with endpoints labeled as very unpleasant, to very pleasant, with a 0 denoting neutrality.

In the third block, participants identified sounds in a closed-set task. Questions for each sound were presented one at a time, in random order. Each question only allowed for a single choice out of fourteen options, with each option correctly matching only one of the fourteen sounds. Each answer choice used both a noun and verb to describe the sound; this labeling method does not favor sounds that are described best by their action or by their object/source. The labels for the sounds were: chewing food, clicking a pen, fork scraping a plate, nose sniffling, ringing church-bell, fire-alarm ringing, sink draining, slurping beverage, stream flowing, stirring cereal, squeezing spray-bottle, tool scraping, wind blowing, and woodpecker tapping. This section came last so that these sound labels would not affect the judgments of causal properties or pleasantness.

To check for attentive online listening, a single oddball question was inserted between the first (causal action, material, and agent) and second (pleasantness) blocks of experimental trials. The oddball question contained a different sound and question compared to what was used in the rest of the experiment. After the last experimental block, participants were asked to recall the oddball question by answering a multiple-choice question about its contents.

For Experiment 1, the oddball question was a recording of a voice saying the word “rolling” and the question asked which verb was spoken during that trial. The answer choices included multiple options of verbs, including all nine causal action items except suctioning and flowing, and others (e.g., “rolling,” “clattering,” “calling,” “wailing,” “rotating,” “vibrating,” “dripping). The recall question at the end of the survey tasked the participant to choose the oddball sound from a list, including similar types of answers (e.g., “saying metal,” “saying wood,” “saying breaking”) or other environmental sounds (e.g., “dog barking,” “piano,” “people clapping,” “paper crumpling”).



Procedure

The survey typically took 30–40 min to complete via a secure online survey platform (Qualtrics). Participants were instructed to take the test in a private, quiet location of their choosing, to refrain from eating or chewing gum, and to wear headphones. Participants first completed a consent form and read the instructions for the experiment. They next completed questions about age, gender, hearing status, and sound tolerance. The sound tolerance items were taken directly from MisoQuest (Siepsiak et al., 2020), a questionnaire for Misophonia. They were asked to agree or disagree on a five-point Likert scale to the statements: “I find some sounds made by the human body unbearable,” and, “Some sounds bother me so much that I have difficulty controlling my emotions.” These two questions’ averaged score served as a measure of general Sound Intolerance. This subset of questions from this questionnaire was chosen because it assesses reactions to a broad range of sounds efficiently without containing wording that presumes the participant has sound tolerance issues. Given that our participants were from a general population, we avoided questionnaires that specifically assume sound issues (e.g., MQ, MAQ, A-MISO-S, “My sound issues currently make me feel helpless.”) (Rosenthal et al., 2021). A third question that was also related to Hyperacusis was also asked: “Most loud sounds cause me to experience unpleasant emotions.” Next, participants completed a volume calibration in which white noise was played; its volume started out at zero and then the listener slowly increased it to a comfortable level. Next, a headphone screening asked participants to correctly do a task on at least two out of three trials that required the use of headphones (Milne et al., 2021). Finally, there was a practice trial with the experimental questions using a sound that was not in the main experiment. After the practice trial, the experiment began.



Data Quality Criteria

Participant responses were removed from the analysis if: (1) they indicated that they did not have normal hearing; (2) they failed the headphone screening; or (3) they answered the oddball questions incorrectly. Due to survey programming, some participants were not asked to complete headphone screening trials; their data were included after verifying that there was no significant effect of the screening condition on causal property ratings. That is, the ratings of these participants were statistically indistinguishable from the screened participants (via an ANOVA that treated the headphone screening condition as a between-participants factor).




Results: Experiment 1


Data Analysis

Analysis of each experiment proceeds in four steps: (1) causal properties of each sound, (2) pleasantness of the sound categories, (3) identification accuracy of the sound categories, and (4) how misidentification changes both causal properties and pleasantness. A subsequent section compares results between both experiments, including sound intolerance self-ratings. All ANOVAs are reported with Greenhouse–Geisser corrections regardless of whether sphericity assumptions are significantly violated, and all Intraclass Correlation Coefficients (ICC) are reported for Average Measures, random effects, and consistency.



Causal Properties

A repeated measures ANOVA treated Sounds as a factor with 14 levels and Causal Properties as a factor with 15 levels (nine actions, five materials, and 1 causal agent). Both factors produced significant main effects [Sound: F(8.2,303) = 11.8, p < 0.001, G-G Epsilon 0.631; Property: F(6.0,221.4) = 83.8, p < 0.001, G-G Epsilon 0.427] which significantly interact [Sound by Property: F(22.4,830) = 60.0, p < 0.001, G-G Epsilon 0.123]. There is no between-groups main effect of the dichotic headphone Screen [F(1,37) = 0.008, p = 0.93] nor is there an interaction. Therefore, all data were combined, and this between-participant factor was removed from further analyses. Table 3 presents the mean ratings for each property and sound. Median ratings show very similar patterns in Supplementary Tables S2, S3.


TABLE 3A. Mean causal action property ratings taken across all participants are indicated in each table entry, with rows corresponding to one of the fourteen sound tokens and columns corresponding to the nine causal actions.
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Overall, the causal property ratings were appropriate for each sound. Table 3 shows a heatmap of the average rating for each causal property and sound. Table 3A specifically shows the average action ratings per sound while Table 3B shows the average material and agent ratings per sound. The sounds that were paired with each other are in adjacent rows. This table shows that the task had face validity. Listeners agree on the causal properties; the average measure Intraclass Correlation Coefficient (ICC) was 0.987 [95% CI from 0.985 to 0.990, F(209,7942) = 79.5, p < 0.0001). Both the Tool scraping and the Fork scraping plate sounds were rated high on scraping and metal with an animate causal agent. Both the Ringing church bells and Ringing fire alarm sounds were rated high on ringing and metal. Both the Squeezing spray bottle and Nose sniffling were rated high for air, but only Nose sniffling was heard as caused by puffing and blowing from a body. Results suggested that the Squeezing spray bottle was heard as having some likelihood of being caused by scraping wood. The pair of Sink draining and Slurping beverage both had splashing and liquid properties but Sink draining had more flowing, while Slurping beverage had more suctioning. The pair of Stirring cereal and Chewing food differed, with the Stirring cereal being rated high on splashing and liquid whereas Chewing food was rated higher on scraping and wood. Both the Woodpecker tapping and Clicking a pen sounds were heard as tapping caused by an animate agent, but the materials were wood and metal, respectively. As expected, Wind blowing was rated high on blowing whereas Stream flowing was rated high on flowing. Because of the many post hoc comparisons implicit in a table of this size, significance levels are not indicated. Instead, an average standard error (SE) of 0.137 per table entry was computed by initially deriving the SE across all 39 participants for each property and sound combination before averaging across all 210 of those SEs (fifteen causal properties x fourteen sounds). For reference, the maximum SE of any single value in the table was 0.32. Note the N per entry is equal for all cells.


TABLE 3B. Mean causal material and causal agent property ratings taken across all participants are indicated in each table entry, with rows corresponding to one of the fourteen sound tokens and columns corresponding to the five materials and one agent.
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Pleasantness

Although there was variation in the pleasantness of individual sounds within each emotional category, the mean valence of each category was ordered as expected, as shown in Figure 1. The far-left bar shows that the most unpleasant (and most negatively rated) category was the Unpleasant category (–2.08, 99%CI = 0.723), followed by the Misophonic category (–1.30, 99%CI = 0.627). The Neutral emotional category was rated close to the neutral zero rating (–0.150, 99%CI = 0.562) and the Pleasant category was rated positively (2.09, 99%CI = 0.739). The distribution of scores across participants did not violate normality or sphericity assumptions. A one-way ANOVA on the mean ratings showed that there was a main effect of Emotional Category on the pleasantness rating (F(2.6,100.1) = 69.5, p < 0.001, G-G Epsilon 0.88) with the caveat that the number of sounds in each category was unequal. Recall that the Unpleasant sounds were expected to be the most negatively rated given that our population did not overrepresent misophonic participants, but note that the Misophonic sounds were still negative, on average. Therefore, for some of our subsequent analyses on the effects of misidentification, we group the Unpleasant and Misophonic categories into a broader Negative valence group. Examining individual sounds instead of categories reveals that the most negatively rated single sound was Nose sniffling (mean of –2.56) and the most positively rated sound was a Stream flowing (mean of 3.02). Individual sounds remained in their a priori category regardless of their pleasantness rating. Most sounds were rated congruently with their a priori emotional category (their confidence interval of the average rating either was below zero, included zero, or above zero, if their emotional category was in the Negative, Neutral, or Positive valence group, respectively). The only exceptions were: two Neutral sounds (Ringing church bells rated positively and Squeezing spray bottle rated negatively) and two Misophonic sounds (Clicking a pen and Chewing food had negative averages but their CIs included zero). Nonetheless, our analysis kept sounds in their a priori categories.
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FIGURE 1. Mean pleasantness rating versus the sound emotional category for all participants in Experiment 1. A 95% confidence interval (t-test) is shown, represented by a thick black line. All four emotional categories are shown, in ascending order of average pleasantness (unpleasant, misophonic, neutral, and pleasant).




Sound Identification Accuracy

Identification accuracy was computed by the percentage of participants who correctly selected the sound label out of the fourteen closed set options. Sound identification accuracy was high across all 39 participants (M = 90.1%, SD = 8.1%, SE = 1.5%, Median = 92.9%, Range = 61.5–100%). The overall identification accuracy for each sound, the sound it was most confused with, and how the valence of the emotional category shifted (upwards e.g., going from Negative to Neutral, or downwards, e.g., going from Negative to Neutral) is presented in Table 4; a complete confusion matrix is in Supplementary Table S4.


TABLE 4. Percentage of correct identification for each sound token and the sound (if applicable) it was most confused with across all participants in Experiment 1.
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Our main hypothesis concerns sound tokens that were misidentified as a sound in another valence group. These emotional categories were defined a priori as indicated in Table 1, as well as the broader Negative valence group which was a combination of the Misophonic and Unpleasant categories. Because our hypothesis was specific to changes in valence, we did not analyze sounds that were misidentified as another sound in the valence group; for example, if a Sink draining was confused with Stirring cereal, this would be a confusion between two Neutral sounds and therefore would not be analyzed. However, if Sink draining was confused for Slurping beverage, which is a change across categories to a Negative valence sound (Misophonia emotional category), it would be a candidate for inclusion in the following analysis. A further criterion for inclusion was that this sound had to be misidentified across categories at least 10% of the time (i.e., by 4 of the 39 participants). There were four such sounds that met these criteria. These four qualifying sounds were subjected to subsequent analysis, as follows in the next section. There were two Neutral sounds misheard as something more Negatively valenced: Tool scraping and Stirring cereal. There were two Misophonic or Unpleasant sounds that were occasionally misheard as something more something more positively valenced (in both cases this was a neutral sound: Chewing food, and Fork scraping plate. These are “empirically discovered pairs” of misidentifications that can arise from the same sound; these are distinct from the planned pairs of sounds that had different sources and some overlapping causal properties. They can be noted in the confusion matrix in the Supplementary Table S4, which shows the actual sound in rows and the perceived sound category in columns. None of the sounds in the Pleasant category ended up qualifying for inclusion (because there were very few misidentifications involving those sounds). To clarify, in the following analysis, the perceived sound identity was determined from the identification data, but the emotional category was based on a priori predictions and the pleasantness data were not used to determine the emotional category.



Misidentifications

We used the opportunity provided by these empirically discovered misidentifications to test the prediction that pleasantness should be higher for the sounds heard in a more Positively valenced group than in a more Negatively valenced group, regardless of whether or not that identification is correct (see Table 5; a table of medians is provided in Supplementary Table S5). The mean pleasantness ratings for the four sounds identified in the more Positively valenced group were 1.35 points higher than the Negatively valenced group, which was a marginally significant difference [independent samples t(3) = 1.991, p < 0.07, one-tailed]. Because the number of misidentified sounds is small, the power is low (Cohen’s d = 1.4, Hedge’s correction = 1.6). In the following section, these data will be combined with more examples obtained from Experiment 2.


TABLE 5. Mean pleasantness ratings for the most frequently misidentified sounds in Experiment 1 as a function of how they are identified.
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EXPERIMENT 2

Our second experiment addresses the fact that misidentification of causal properties of everyday sounds can happen due to a degradation of the acoustic signal. For example, distortion resulting from sensorineural hearing loss, hearing aids, and CIs may degrade auditory inputs, thereby producing a higher rate of sound misidentifications. We used psychoacoustically plausible signal degradation for two reasons: (1) it is a tool to produce more instances of misidentification to test our hypothesis, and (2) it is a step toward understanding how hearing loss can affect an individual’s positive or negative experience of everyday sounds. Therefore, we conducted a second experiment in which we spectrally degraded sounds processed by an envelope vocoder modulating a 16-channel noise. In prior experiments using envelope-modulated noise which removed frequency information but preserved temporal cues, the identifiability of roughly half of the sounds were impaired whereas half of the sounds still showed good identification (Gygi et al., 2004; Shafiro et al., 2011). We used the same procedure as Experiment 1 with vocoded versions of the sounds from Experiment 1.


Methods: Experiment 2


Participants

There were 21 new young adult participants (10 male, 10 female, 1 other) in Experiment 2. Otherwise, the recruitment, consent process, and student population were the same as in Experiment 1.



Methods, Procedure, and Design

All methods and procedures were the same as for Experiment 1 except as noted here. The stimuli were 16-channel noise vocoded versions of the fourteen sounds used in Experiment 1. (AngelSim cochlear implant and hearing loss simulator, v1.08.011; envelope detection cutoff frequency was 160 Hz with a 24 dB/oct slope; the signal was bandpass filtered into 16 logarithmically spaced channels that were bandpass filtered were analyzed; analysis and carrier filters used the Greenwood frequency function with low-pass and high-pass cutoffs of 200–7000 Hz with a 24 dB/oct slope.) Vocoding disrupts the spectral properties of the original sound but, by applying the amplitude envelope of the sound to noise, it preserves some of the temporal properties. The vocoded sounds were presented at the same RMS value as in Experiment 1. During the pre-trial instructions, participants listened to five examples of non-target sounds paired in their original and vocoded forms to familiarize themselves with the sound of vocoded sounds. All the participants were asked to complete the same headphone screening trials. In Experiment 2, the oddball trial contained audio asking participants to ‘Rate every action a 4’ while the visual format of the causal action response matrix looked the same as other trials. In the final recall question, participants indicated the spoken oddball sound they heard in a multiple-choice format (e.g., “rate every material a 2,” “skip this question,” etc.). Data from eleven out of 32 people were disqualified from Experiment 2 for failing any one of these criteria.




Results: Experiment 2


Data Analysis

Analysis of Experiment 2 focuses primarily on the effects of identification on pleasantness. These data will also be integrated with several analyses that include data from both experiments.



Causal Properties

As with the regular sounds in Experiment 1, the causal properties of each sound were summarized as means. Listeners agreed on the causal properties [ICC = 0.936, 95%CI 0.922 to 0.948, F(209, 4180) = 15.6, p < 0.0001]. A repeated measures ANOVA on vocoded sounds treated Sounds as a factor with 14 levels and Causal Properties as a factor with 15 levels. Both factors produced significant main effects [Sound: F(6.9, 137) = 5.6, p < 0.001, G-G Epsilon = 0.529; Property: F(6.7,135) = 31.7, p < 0.001, G-G Epsilon = 0.481] that interact significantly [Sound by Property: F(16.3,325) = 13.4, p < 0.001, G-G Epsilon = 0.089].



Pleasantness

The average pleasantness of the vocoded sounds overall was –0.35. The average pleasantness for the six sounds in the Neutral category was –0.63 (95%CI = –1.18 to –0.076). The four sounds in the Misophonic category had an average pleasantness of –0.49 (95%CI = –1.10 to 0.120). The two sounds in the Unpleasant category had an average pleasantness average of –1.43 (95%CI = –2.20 to –0.66). The two sounds in the Pleasant category had the highest average pleasantness of 1.83 (95%CI = 0.93 to 2.74). Only the mean of the Pleasant category had confidence intervals that did not overlap with the other categories.



Sound Identification Accuracy

In Experiment 2, we found that sound identification of spectrally degraded sounds was modest for most sounds (M = 53.7%, SD = 33.4%). The average identification accuracy for the Neutral, Misophonic, Unpleasant and Pleasant categories, respectively, were 42.1% (95%CI = 35.5% to 48.6%), 83.3% (95%CI = 77.0% to 89.6%), 26.2% (95%CI = 16.4% to 36.0%), and 38.1% (95%CI = 29.6% to 46.6%). Only the mean of the Misophonic emotional category had confidence intervals that did not overlap with the other categories, showing a higher accuracy. Average identification accuracies for each vocoded sound, the sound it was most confused with, and how the valence of the emotional category shifted (e.g., going from Negative to Neutral or from Negative to Neutral) are presented in Table 6; a complete confusion matrix is in Supplementary Table S6.


TABLE 6. Percentage of correct identification for each sound token and the sound it was most confused with across all participants in Experiment 2.
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Misidentifications

Pleasantness shifts mapped to misidentification are shown in Table 7; a table of medians is provided in Supplementary Table S7. There were seven sounds that were misidentified at least three times as a sound in a different valence group (10%, the same criterion number used in Experiment 1). The top four rows of the table show a Neutral category sound, such as a Tool scraping in row 1, incorrectly identified as an Unpleasant sound (such as Fork scraping plate); its mean rating when misidentified this way is shown in row 1, column 3. For comparison, the rating of that sound when it was correctly identified by other participants is shown in row 1, column 5. The bottom three rows of the table show the mean rating of a correctly identified Misophonic or Unpleasant sound (such as Ringing fire alarm in row 7, column 3). For comparison, the rating of that sound when it was incorrectly identified as a Neutral sound (such as Sink draining or Wind blowing) is shown in row 7, column 5. In all seven cases, the mean rating decreases between column 3 and 5. In all cases, pleasantness increased or decreased as predicted when a sound group changed from Negative to Neutral, or from Neutral to Negative, respectively. The mean pleasantness ratings for the seven sounds identified in the more Positively valenced group were 0.95 points higher than the Negatively valenced group, which was a significant difference [t(6) = 4.102, p < 0.003, one-tailed, Cohen’s d = 0.61, Hedge’s correction = 0.66].


TABLE 7. Mean pleasantness ratings for the most frequently misidentified sounds in Experiment 2 as a function of how they are identified.
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Because all four misidentified sounds in Experiment 1 also appeared in Experiment 2, it was possible to combine sounds across the two studies for comparison and analysis. Figure 2 plots the mean valences for these four sounds as a function of their perceived sound category valence; the blue solid line indicates results from the regular (non-vocoded) stimuli in Experiment 1 and the orange dashed line indicates results from the vocoded stimuli in Experiment 2. This graph shows that the valence increases as the misidentification changes the category for both experiments. An ANOVA with factors of Vocoding and Valence of Perceived Category shows a main effect of Perceived Category [F(1,6) = 9.12, p < 0.02], but there is no main effect of Vocoding and no significant interaction between Vocoding and Perceived Category.
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FIGURE 2. Mean pleasantness rating versus the perceived emotional category for both regular, non-vocoded sounds (solid blue line) and vocoded sounds (dashed orange line). Ratings of sounds misidentified within the same emotional category were subaveraged. The error bars denote standard error of the mean rating across sounds. If the sound was identified (regardless of correctness) as an item in one of our a priori negative categories (either a misophonic or unpleasant sound) then it contributed to a data point on the left, whereas if the sound was identified as an item in our neutral category (regardless of correctness), contributed to a data point on the right.





Comparison Across Experiments 1 and 2 for All Sounds


Sound Intolerance Self-Rating

The distributions of Sound Intolerance scores are shown in the blue bars for Experiment 1 and in the orange bars for Experiment 2 in Supplementary Figure S1. Only five of our 60 participants earned a score of 4.5 or greater. In this section comparing experiments, Sound Intolerance scores are included as a covariate in the omnibus analysis to assess whether the variation within this unscreened population could account for variation in the property and pleasantness ratings.



Causal Properties

In an ANCOVA that included Vocoding as a between-group factor, Sound Intolerance rating as a covariate, and Sound token and Causal Properties as within-group factors, Vocoding (regular vs. vocoded stimuli) had a significant main effect on average Property ratings [F(1,57) = 4.6, p < 0.04] as well as a two-way interaction with the within-group factors of Sound [F(9.5,541) = 2.59, p < 0.002], Causal Property [F(7.6,433) = 12.6, p < 0.001], and a three-way interaction with the same factors [F(182,10374) = 10.5, p < 0.001]. Sound Intolerance rating had no main effect or interaction. There was a main effect of sound [F(9.5,541) = 3.0, p < 0.001, G-G Epsilon = 0.730], Property [F(7.6,433) = 12.6, p < 0.001, G-G Epsilon = 0.543], and a Sound by Property interaction [F(32,1841) = 7.06, p < 0.001].

The sound pairs had causal property ratings that were mostly consistent with the regular, non-vocoded sounds [ICC = 0.808, 95%CI 0.749–0.854, F(209,4180) = 5.2, p < 0.0001], with the average changes described below. After vocoding, both the Tool scraping and the Fork scraping plate sound decreased on scraping (decreased by 0.8 and 1.5, respectively) and metal (decreased by 2.7 and 2.4, respectively). Only Fork scraping plate decreased in animate causal agent (decreased by 1). Ringing church bells and Ringing fire alarm sounds were rated less robustly in ringing (decreased by 3.3 and 3.5, respectively) and metal (by 2 and 3.1, respectively). While the Nose sniffling maintained a high rating for air, puffing, and body, Squeezing spray bottle mildly decreased in all three of these properties (by 0.8, 0.6, and 0.4) while increasing its tendency to be heard as scraping wood (by 0.9). Both Sink draining and Slurping beverage maintained their ratings on splashing and liquid. Stirring cereal was still rated high on splashing and liquid whereas Chewing food was rated lower on scraping (decreased by 0.9) and body (by 1.4). Both the Woodpecker tapping and Clicking a pen sounds maintained a similar pattern to the regular sounds, with highest ratings on tapping and animate agent (within 1 point difference). While Stream flowing maintained a high rating on flowing and liquid, Wind blowing had a large increase in rating for both properties (increased by 2.6 and 3.6, respectively) and a large decrease in ratings for blowing and air ratings (both decreased by 3.1).



Pleasantness of Spectrally Degraded Sounds

On average, vocoded sounds were rated more neutrally; the Negatively valenced sound categories were rated as less unpleasant than in Experiment 1, whereas the Pleasant sound category was rated as less pleasant than in Experiment 1. Accordingly, an ANOVA showed no significant main effect of Vocoding, but there was a significant main effect of the Emotional Category [F(2.4,140.3) = 71.7, p < 0.001, G-G Epsilon = 0.806] and there was an interaction between Vocoding and Emotional Category [F(2.4,140.3) = 2.94, p < 0.05].

To assess the effect of vocoding on pleasantness for individual sounds (rather than sound categories), an ANCOVA was done using the factors of Vocoding and Sound token and a covariate of Sound Intolerance self-rating. There was a main effect of Sound on pleasantness [F(9.5,542) = 2.57, p < 0.006] (G-G Epsilon = 0.723). Vocoding interacted with Sound [F(9.5,542) = 4.93, p < 0.001]. There was no main effect of Sound Intolerance nor did it interact. Relative to Experiment 1, pleasantness ratings were mostly unchanged; although a few sounds did not have overlapping standard error bars, this was equally distributed for both positive and negative shifts in pleasantness. Figure 3 shows the mean pleasantness ratings for each individual sound when it was presented as a regular sound in Experiment 1 (solid blue lines) and when it was spectrally degraded via vocoding in Experiment 2 (dashed orange lines); a similar figure showing medians is provided in Supplementary Figure S2. The blue lines grouping the two regular Unpleasant sounds in the far-left region of the figure show that these sounds are rated more unpleasant, on average, than the regular Neutral and Misophonic sounds, with the orange lines showing that the vocoded versions were slightly less negative on average (but all error bars overlap). The blue lines grouping the four regular Misophonic sounds in the left-middle region of the figure show that these sounds overlap in range with the Unpleasant sounds and the lower end of the regular Neutral sounds. The orange lines show that the vocoded Misophonic sounds are not consistently lower on average than the regular Misophonic sounds: Vocoded pleasantness increased beyond the error bars of Chewing food and Nose sniffling. The blue lines grouping the six regular Neutral sounds in the right-middle region of the figure show pleasantness ratings varying around the neutral point, ranging from -1.53 to 1.18, with the orange lines showing that the vocoded versions had no systematic effect on pleasantness. While the Ringing church bells and Woodpecker tapping sounds were less pleasant on average when vocoded, the Squeezing spray bottle was more pleasant when vocoded. The blue lines grouping the two regular Pleasant sounds on the far-right of the figure show that the Pleasant sound category was rated more highly than the other sounds on average. Vocoding reversed the pleasantness for the two sounds, by increasing beyond the regular condition’s error bars for Wind blowing while decreasing below the regular condition’s error bars for Stream flowing.
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FIGURE 3. Mean pleasantness rating for each of the fourteen sounds when presented in Experiment 1, with no vocoding (solid blue lines), and when presented in Experiment 2 as vocoded (dashed orange lines). The error bars indicate the standard error of the mean across the sounds. Each of the fourteen sounds is plotted in its a priori emotional category, with the far-left, left, right, and far-right denoting the categories of unpleasant, misophonic, neutral, and pleasant. The more pleasant a sound is rated, the higher on the y axis it is placed.




Identification

The reduction in change in identification accuracy between Experiment 1 and 2 is evident in Figure 4. It displays percent accuracy as a function of each of the individual sound pairs for both Experiment 1 and 2. The process of vocoding produced an effect on identification in an ANOVA that treated the individual sounds as a within-participants variable and the two studies as a between-participants variable (regular or vocoded stimuli). Accuracy of 90.1% for regular sounds was higher than the accuracy of 53.6% for vocoded stimuli [F(1,58) = 228.4, p < 0.001]. There was also a main effect of Sound token [F(6.73,390.4) = 22.7, p < 0.001, G-G epsilon = 0.518] and an interaction between Vocoding and Sound [F(6.73,390.4) = 13.8, p < 0.001]. An ANOVA that had a within-subjects factor of Emotional Category and a between-subjects factor of Vocoding show that accuracy was significantly different for the different Emotional Categories [F(2.68,155.6) = 27.6, p < 0.001, G-G epsilon = 0.894]. Emotional Category interacts with Vocoding [F(2.68,155.6) = 31.9, p < 0.001]. An examination of the mean changes in accuracy between regular and vocoded sounds shows that the Neutral category significantly decreases from 85.0% (95%CI = 80.2% to 89.8%) to 42.1% (95%CI = 35.5% to 48.6%). For the Misophonic category, the accuracy does not reliably decrease from 91.7% (95%CI = 87.0% to 96.3%) to 83.3% (95%CI = 77.0% to 89.6%). The Unpleasant category accuracy significantly decreased from 93.6% (95%CI = 86.4% to 100.8%) to 26.2% (95%CI = 16.4% to 36.0%). The Pleasant category accuracy significantly decreased from 98.7% (95%CI = 92.5% to 105.0%) to 38.1% (95%CI = 29.6% to 46.6%). Despite these vocoding-induced changes in identification accuracy within categories, they did not correspond systematically to similar changes in pleasantness ratings.


[image: image]

FIGURE 4. Mean identification accuracy for each of the fourteen sounds in their pairs for regular sounds in Experiment 1 (solid blue bars) and vocoded sounds in Experiment 2 (striped, orange bars). Each sound name is replaced with its pair label, with P7-W denoting Wind flowing and P7-S denoting Stream flowing. The higher the identification accuracy for a particular sound, the higher on the y axis it is placed.






DISCUSSION

Sound identification can influence sound pleasantness in ways that generalize across sounds. We were able to predict which direction pleasantness ratings should change based on which misidentifications were made. In order to produce misidentifications, we utilized sounds with similar causal properties in Experiment One, and we utilized spectral degradation in Experiment Two. Listeners rated the causal properties of these sounds so that we could assess whether the misidentifications were in fact based on these properties. We found that causal properties were reliably conveyed.

Sound identification rates for Experiment 1 were reasonably high at 90%. This outcome was expected because small closed-set tasks produce better performance than tasks with more options. The purpose of keeping this task relatively easy in Experiment 1 was to compare to performance in Experiment 2 on spectrally degraded sounds. We expected the spectrally degraded stimuli in Experiment 2 to impair identification. It did, but average identification was still at 53%.

The spectral degradation introduced by vocoding does not inherently make sound more unpleasant. In fact, it seems to make sounds more neutral, for both Positive and Negative valence groups. This result may be a consequence of the high rate of misidentification and uncertainty about the sounds’ causes. The misidentifications caused by vocoding helps to elucidate the relationship between causal properties and unpleasantness and can provide a baseline for future studies on the effects of hearing impairment.

Our goal in causing misidentifications was to use a principled approach to provide additional evidence for the importance of source identification on a sound’s unpleasantness. Our result is consistent with Edelstein et al. (2021) who showed an effect of identification on the emotional response to the sound of eating an apple. We note that our methodology differed from Edelstein et al. (2020) in a few ways. Our participants completed a single rating of the pleasantness of our sounds before they began identifying any sounds (with closed-set labels). In contrast, the participants in Edelstein et al. (2020) identified each sound’s category during two of the three trials in which they rated the sound’s valence. It is possible that different trial structures could alter the response to the valence task. For instance, the temporal proximity of the identification and valence tasks could increase the salience of a sound’s identity relative to when valence is the sole focus. It is also possible that rating the same sound three times in a row can have an effect. Another difference is that our participants heard a greater variety of sounds, about half of which were potentially unpleasant or misophonic. Finally, we conducted a normative population study rather than recruiting people with sound intolerance. Despite the methodological differences, our two studies reached similar conclusions about the importance of the relationship between sound identification and the emotional response to sound.

Because this was a normative study of a student population, comparisons with studies targeting misophonic populations are ventured with caution. We did seek to connect this study with others by asking whether the observed variation in self-rated intolerance levels could account for variance in sound pleasantness within our population, but no relationship was found in our data. It is possible that a stronger relationship would be seen with more severe intolerance; however, there were not enough participants to reliably analyze such a subpopulation. It is also possible that a more complete self-report of sound intolerance would reveal something not found here. The remaining questions about how the sound properties and pleasantness differ between populations could be addressed in a future study that targets more participants with sound intolerance issues such as Misophonia.

Within our population there are informative patterns of variation in sound properties and emotional categories across sounds. As a caveat, this study was not designed to test a correlation between causal properties and emotions. If such a correlation does exist in the natural world, we disrupted this regularity by setting up the paired sounds that had similar actions and materials but different emotional categories. By this same logic, if we do find a relationship between certain causal properties and their category, it cannot be viewed as causal. Surely, this study’s stimuli overrepresented certain properties in our selection process. Nonetheless, it should be informative to mention some perceptual patterns that did emerge. The Pleasant sounds, as a group, were rated relatively higher on blowing and flowing (i.e., compared to the other three categories). Conversely, Pleasant sounds were rated relatively lower on “animate causal agent.” Ratings tended to be high on metal and scraping for unpleasant sounds. Finally, as expected, ratings for a human body as a material were especially high for the Misophonic category.

Obtaining a likelihood rating for a range of causal properties for every sound is time-consuming in an experiment. This approach limited the number of questions and sounds that could be heard by the same listener within a short time span. But causal information is helpful when searching for a way to generate, predict, or even resolve sound confusions (e.g., Elizalde et al., 2021). For example, there was a hint in the data that the recording of Squeezing spray bottle was sometimes heard as being caused by scraping wood. This suggest that multiple actions can be interpreted from the same acoustic stimulus. A better understanding of how causal properties of events are perceived through sound might lead to insights into how and why sounds produce emotions. If scientists can decode the clues given by the subset of sounds that are common misophonic triggers, this may shed light on the root cause of why certain people develop Misophonia and could help lead to more effective treatments.

Our study looked at the impact of identification on the emotional response to sounds, but it is also true that this emotional response to a sound is related to its perceptual judgments and sound discrimination (Bergman et al., 2016). Vitale et al. (2020) noted that more than one type of measure is necessary to characterize the emotional response to sounds, and misophonic responses can also be triggered by non-auditory stimuli. By addressing these issues and beyond, future research may extend to applications beyond Misophonia, such as finding ways to make auditory environments more pleasant for everyone (DeLoach et al., 2015).
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Misophonia is a newly described disorder of sound tolerance characterized by strong negative emotional reactions to specific “trigger” sounds, resulting in significant distress, pathological avoidance, and impairment in daily life. Research on misophonia is still in its infancy, and most existing psychometric tools for assessing misophonia symptoms have not been extensively validated. The purpose of the current study was to introduce and psychometrically validate the duke-vanderbilt Misophonia Screening Questionnaire (DVMSQ), a novel self-report measure of misophonia symptoms that can be used to determine misophonia “caseness” in clinical and research settings. Employing large online samples of general population adults (n = 1403) and adults on the autism spectrum (n = 936), we rigorously evaluated the internal structure, reliability, validity, and measurement invariance of the DVMSQ. Results indicated that 17 of the 20 original DVMSQ items fit well to a bifactor structure with one “general misophonia” factor and four specific factors (anger/aggression, distress/avoidance, impairment, and global impact). DVMSQ total and subscale scores were highly reliable in both general population and autistic adult samples, and the measure was found to be approximately invariant across age, sex, education level, and autism status. DVMSQ total scores also correlated strongly with another measure of misophonia symptoms (Duke Misophonia Questionnaire–Symptom Scale), with correlations between these two measures being significantly stronger than correlations between the DVMSQ and scales measuring other types of sound intolerance (Inventory of Hyperacusis Symptoms [General Loudness subscale] and DSM-5 Severity Measure for Specific Phobia [modified for phonophobia]). Additionally, DVMSQ items were used to operationalize diagnostic criteria for misophonia derived from the Revised Amsterdam Criteria, which were further updated to reflect a recent consensus definition of misophonia (published after the development of the DVMSQ). Using the new DVMSQ algorithm, 7.3% of general population adults and 35.5% of autistic adults met criteria for clinically significant misophonia. Although additional work is needed to further investigate the psychometric properties of the DVMSQ and validate its theory-based screening algorithm using best-estimate clinical diagnoses, this novel measure represents a potentially useful tool to screen for misophonia and quantify symptom severity and impairment in both autistic adults and the general population.
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Introduction

Misophonia is a newly described disorder of sound tolerance in which individuals have strong negative emotional responses to specific “trigger” sounds (e.g., chewing, tapping, and sniffling), resulting in significant distress, pathological avoidance behavior, and impairment in daily life (Schröder et al., 2013; Potgieter et al., 2019; Swedo et al., 2022). When encountering a trigger sound or other non-auditory stimuli associated with such sounds (e.g., the sight of an individual eating), individuals with misophonia frequently experience emotions such as anger, extreme irritation, disgust, or anxiety, potentially combined with a “fight or flight” response and non-specific physical symptoms such as muscle tension, increased heart rate, or sweating (Edelstein et al., 2013; Rouw and Erfanian, 2018; Jager et al., 2020; Swedo et al., 2022). Other stimuli, such as purely visual triggers (e.g., a leg bouncing up and down; Schröder et al., 2013; Jaswal et al., 2021) or simply imagining a trigger sound (Ferrer-Torres and Giménez-Llort, 2021) may also be sufficient to trigger full-blown misophonic reactions in some cases. Misophonia is distinct from other forms of decreased sound tolerance such as hyperacusis (a disorder in which sounds of moderate intensity are perceived as excessively loud or physically painful) and phonophobia (a specific phobia of certain sounds or sound sources), although these different conditions may co-occur in some individuals (Fagelson and Baguley, 2018; Fackrell et al., 2019; Adams et al., 2021; Williams et al., 2021c,d; Siepsiak et al., 2022). A recent epidemiologic study using semi-structured clinical interviews estimated the prevalence of clinically significant misophonia to be 12.8% among older adolescents and adults in one urban area (Kılıç et al., 2021), additionally finding misophonia status to be associated with female sex, younger age, and multiple co-occurring psychiatric conditions. Notably, research on misophonia is in its infancy, and there is much still to be learned about the phenomenology of this condition, its underlying pathophysiology, and the most appropriate ways to screen for, diagnose, and treat misophonia in clinical practice.

As misophonia has not been formally adopted as a clinical diagnosis within existing frameworks such as the International Statistical Classification of Diseases and Related Health Problems (ICD; World Health Organization, 2019) or the Diagnostic and Statistical Manual of Mental Disorders (DSM; American Psychiatric Association, 2022), there remains a lack of consensus among stakeholders regarding the specific criteria used to determine misophonia “caseness” (i.e., the status of an individual having clinically significant misophonia) within research and clinical practice. Operational diagnostic criteria have been proposed by multiple research groups (Schröder et al., 2013; Dozier et al., 2017; Jager et al., 2020; Kılıç et al., 2021; Guetta et al., 2022), but none of these criteria were endorsed in a recent expert consensus definition of misophonia (Swedo et al., 2021, 2022). Moreover, while the published consensus definition of misophonia did deviate from existing sets of diagnostic criteria such as the Revised Amsterdam Criteria (Jager et al., 2020), the authors of the consensus statement did not publish specific diagnostic criteria in line with their definition. Therefore, in order for this foundational definition to be applied in research and practice, additional work is necessary to both (a) distil the consensus definition down to a set of diagnostic criteria and (b) operationalize these new misophonia criteria using standardized instruments such as structured interviews or questionnaires.

The present study sought to build on the newly proposed consensus definition of misophonia by providing an initial draft of updated diagnostic criteria and specific ways in which those criteria can be assessed using a published but not yet validated assessment, the duke-vanderbilt Misophonia Screening Questionnaire (DVMSQ; Williams et al., 2021a). Additionally, this study provides the first psychometric evidence supporting the reliability, latent structure, and validity of the DVMSQ as a measure of misophonia symptom severity and impairment in both general-population adults and adults on the autism spectrum, a population in which misophonia and other forms of clinically significant decreased sound tolerance are prevalent (Williams et al., 2021c,e). Although a large number of novel self-report questionnaires have recently been proposed to measure misophonia severity (Schröder et al., 2013; Wu et al., 2014; Jager et al., 2020; Siepsiak et al., 2020; Dibb et al., 2021; Remmert et al., 2021; Rinaldi et al., 2021; Rosenthal et al., 2021; Vitoratou et al., 2021), the DVMSQ differs from the majority of these measures in that it was specifically designed to operationalize the diagnostic criteria for misophonia as proposed by different authors (Schröder et al., 2013; Dozier et al., 2017; Jager et al., 2020). Further, unlike other measures, which typically assign misophonia caseness on the basis of theoretically or empirically based cutoff scores, the DVMSQ provides a criterion-based algorithm to determine whether an individual reports all symptoms and sufficient functional impairment to warrant being classified as having clinically significant misophonia. In the context of our proposed operational diagnostic criteria, derived in accord with both the Revised Amsterdam Criteria (Jager et al., 2020) and the recent consensus definition of misophonia (Swedo et al., 2022), the DVMSQ diagnostic algorithm represents the first systematic attempt to apply the misophonia consensus definition in the context of a psychometric instrument. This measure’s relative brevity, focus on theoretically “core” symptoms of the misophonia construct, and broad characterization of misophonia-related impairment suggest that the DVMSQ has potential utility as a dimensional measure of misophonia severity in both research and clinical practice.



Methods


Rationale and item pool development

The DVMSQ (Williams et al., 2021a) was created by the first author (ZJW) in collaboration with colleagues at the Duke Center for Misophonia and Emotion Regulation (M. Z. Rosenthal, C. Cassiello-Robbins, and D. Anand) during the development of the Duke Misophonia Questionnaire (DMQ; Rosenthal et al., 2021). While the 86-item DMQ was designed to comprehensively assess many different aspects of the misophonia construct (e.g., triggers, symptoms, cognitions, coping behaviors, beliefs, and impairment) in granular detail, the measure was not designed to assess all proposed diagnostic criteria or to discriminate between individuals with and without misophonia. Thus, the DVMSQ was created as a relatively brief complementary measure that (a) assessed diagnostic features proposed to be “core” to the misophonia construct and (b) quantified impairment due to misophonia, both in terms of interference with specific life domains and perceived global impact on one’s life.

Items on the original DVMSQ (Table 1) were adapted from the Revised Amsterdam Criteria (Jager et al., 2020), assessing the diagnostic features of (a) presence of specific “trigger” sounds, (b) intense emotional reactions (extreme irritation, anger, disgust), (c) acknowledgment that emotional reactions are excessive, (d) loss of self-control, (e) avoidance of triggers and/or endurance of triggers with distress, and (f) associated impairment due to symptoms (social, occupational, domestic, and community domains). An item about physical symptoms in reaction to triggers was additionally included to capture criterion B (i.e., the trigger stimulus elicits an immediate physical reflex response) as proposed by Dozier et al. (2017). Based on content areas represented in the broader DMQ item pool (see Rosenthal et al., 2021 for more details), items were also added to assess (a) fear or panic in response to triggers, (b) attentional capture by trigger sounds, and (c) perceived global impact (including negative effects on mental health). Notably, while specific efforts were made during the development of the DMQ to separate “double-barreled” items, items of the DVMSQ were written to be more general, often combining multiple related emotions or sensations into single items for the sake of brevity and to reduce local item dependence. All items were initially drafted by ZJW, and wording was iteratively refined until consensus was achieved. As an important caveat, the development and finalization of the DVMSQ occurred before the initial publication of the misophonia consensus definition (Swedo et al., 2021), and thus, not all aspects of the condition mentioned in the consensus definition and proposed diagnostic criteria are included in the DVMSQ. Nevertheless, as existing DVMSQ items operationalize all but one of the proposed diagnostic criteria (symptom duration ≥6 months), the measure represents a reasonable approximation of the misophonia construct as recently defined.


TABLE 1    Original DVMSQ items, content, and response options.
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Operational diagnostic criteria for misophonia

In order to create operational diagnostic criteria that could be assessed using the DVMSQ, we began with the Revised Amsterdam Criteria (Jager et al., 2020), modifying each criterion to align more closely with the recent misophonia consensus definition (Swedo et al., 2021, 2022). The misophonia diagnostic criteria used in the current study (see also Williams, 2022) are presented in Table 2, along with the operationalization of each criterion by the DVMSQ items. Notable changes from the Revised Amsterdam criteria include (a) the removal of the requirement that an individual be triggered by oral or nasal sounds, (b) the removal of the requirement that individuals must acknowledge their emotional reactions to triggers as excessive, unreasonable, or out of proportion to the circumstances, (c) additional description of anxiety and/or physical symptoms accompanying the emotional reactions (though neither is required for diagnosis nor sufficient to fulfill that criterion), (d) the use of specific coping strategies (e.g., ear protection, masking trigger sounds with white noise) is described within the “avoidance” criterion, (e) the outbursts resulting from a loss of control are described in more detail and include manifestations other than aggression, and (f) emotional reactions occurring in the context of other neuropsychiatric conditions (e.g., autism, ADHD) can still count toward a diagnosis of misophonia if the remaining criteria are met. Additionally, to clarify the chronic nature of misophonia symptoms, the newly proposed diagnostic criteria include a duration criterion of 6 months or longer, on par with the criteria used to diagnose most anxiety disorders (American Psychiatric Association, 2022). Although these operational criteria are designed to reflect the consensus definition of misophonia more closely than the Revised Amsterdam criteria, it is important to note that they were not themselves derived from expert consensus or a similarly rigorous Delphi process (Niederberger and Spranger, 2020). Thus, while our study does represent the first attempt to derive a diagnostic algorithm that incorporates the misophonia consensus definition, the specific criteria proposed should be treated as provisional and superseded by more rigorously developed “consensus diagnostic criteria” for misophonia as soon as such criteria are made available.


TABLE 2    Operational diagnostic criteria for misophonia and DVMSQ-based assessment.
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Participants

The current study comprises a secondary data analysis of two large survey studies that included the DVMSQ as a part of longer survey batteries assessing multiple types of decreased sound tolerance (i.e., hyperacusis, misophonia, and phonophobia) as well as their clinical and demographic correlates in adults. The primary sample analyzed in this investigation is a large online general-population sample of adults in the United States (n = 1403) recruited from the Prolific crowdsourcing platform (Palan and Schitter, 2018; Stanton et al., 2022). Additionally, in order to assess the psychometric properties of the DVMSQ in autistic adults, we examined data from a sample of independent autistic adults (n = 936) from the Simons Foundation Powering Autism Research for Knowledge (SPARK) cohort (Feliciano et al., 2018). Notably, data from the SPARK sample were predominantly included to assess the latent structure of the DVMSQ in the autistic population and to examine differential item functioning across diagnostic groups; thus, the majority of analyses in the current study focus exclusively on the general population (Prolific) sample.


General population (Prolific) sample

A sample of general population adults was recruited from the Prolific crowdsourcing platform (Palan and Schitter, 2018; Stanton et al., 2022) in the fall of 2021. Eligibility criteria included age 18 or older, living in the United States, speaking English fluently, having answered Prolific demographic questions about autism status and current mental health conditions (any non-missing response to both questions was sufficient for inclusion), not endorsing a diagnosis of dementia or mild cognitive impairment, having completed at least 50 previous Prolific tasks, and a 95% or higher approval rate on Prolific. Individuals endorsing severe/profound hearing loss or the use of cochlear implants were also excluded from the current study post hoc. Participants were recruited in two single-sex batches of 750 (i.e., 750 males and 750 females, recruited concurrently) to ensure approximate sex parity. The study survey was advertised as examining “sensory sensitivities,” although participant-facing materials did not specify that the study investigated decreased sound tolerance or misophonia specifically. The full study survey included questionnaires on demographics, medical/psychiatric history, decreased sound tolerance symptoms, other sensory experiences, personality traits, psychopathology, somatic symptom burden, and overall quality of life, and surveys were completed on the REDCap platform (Harris et al., 2009). All participants gave their informed consent for the study, and participants who completed the Prolific task were compensated $5.00 USD for their time. All study procedures were approved by the Institutional Review Board at Vanderbilt University Medical Center.

In order to ensure that the results of the Prolific survey were of high quality, a rigorous data quality assessment was undertaken to flag and remove potentially invalid responses (Chandler et al., 2020). Participants were excluded if they (a) failed one or more directed-response attention check questions embedded within the survey (e.g., “To show that you are paying attention, please leave this question blank”), (b) endorsed a diagnosis of Alzheimer’s disease or dementia despite denying that diagnosis on their Prolific demographics, (c) endorsed one or more “infrequency” items in the medical history (e.g., a reported history of temporal lobectomy), (d) provided symptom information that was inconsistent with their lifetime medical diagnoses (e.g., endorsed migraines caused by sound but denied experiencing migraines), (e) reported information about their demographics or autism diagnostic status that was inconsistent with the information provided on their Prolific demographics form, (f) completed the survey in an exceptionally short amount of time (i.e., more than three median absolute deviations below the median completion time), or (g) endorsed random or dishonest responding when queried at the end of the survey with “no penalty honesty check” questions (e.g., “Did you answer any survey questions in this survey randomly? Your answer will not affect your compensation for this survey.”). Participants were also excluded if they completed the survey from a virtual private network, an IP address located outside of the United States, or an IP address associated with multiple survey respondents. Of the 1610 individuals who consented for the study, 1516 individuals completed the full Prolific survey and had their submissions approved. Of these participants, 113 individuals (7.5%) were excluded for failing one or more data quality check, leaving a final sample of 1403 individuals whose data were analyzed for the current study (note that not all 1403 individuals were included in all analyses).



Autistic (SPARK) sample

A sample of legally independent autistic adults was recruited from the SPARK Research Match service (Project No. RM0111Woynaroski_DST). A largely overlapping sample has previously been described elsewhere (Williams et al., 2022). Eligibility criteria included age 18 or older, self-reported professional diagnoses of autism spectrum disorder or equivalent conditions (e.g., Asperger syndrome, Pervasive Developmental Disorder–Not Otherwise Specified), and legal independence (i.e., ability to consent for oneself). Although autism diagnoses were not independently confirmed, prior research has generally supported the validity of self-reported autism diagnoses within the SPARK cohort (Fombonne et al., 2021). These participants completed a series of online surveys assessing demographics, medical/psychiatric history, core features of autism, co-occurring psychopathology, somatic symptom burden, and quality of life, and the instruments administered partially overlapped with those in the Prolific study. Surveys were completed within the SPARK web platform using custom software designed by Tempus Dynamics (Baltimore, MD, United States), and participants were compensated with $10 USD in Amazon gift cards upon completion of all surveys. All participants gave informed consent, and all study procedures were approved by the institutional review board at Vanderbilt University Medical Center.

Individuals in the SPARK sample additionally underwent a series of similar quality checks to the Prolific sample. Specifically, survey participants from the SPARK RM sample were excluded if they (a) met the SPARK definition of a possibly invalid autism diagnosis (e.g., age of diagnosis is under 1 year of age; diagnosis rescinded by a professional), (b) did not self-report a professional diagnosis of autism on the study-specific demographics form, (c) reported demographic variables (e.g., age, sex at birth, receipt of special education services in childhood) that were inconsistent with those originally reported to SPARK, (d) reported the use of a cochlear implant, or (e) endorsed a professional diagnosis of either Alzheimer’s disease or dissociative identity disorder (indicating either careless/random responding or a true diagnosis that could compromise the validity of self-report). Additionally, individuals who dropped out of the study before completing the DVMSQ and other sound tolerance measures were not included in the current analyses. Of the 1271 individuals who initially consented for the study, 1121 completed the measures of interest. Of these individuals, an additional 185 (16.5%) were excluded after failing one or more data quality checks, leaving a final sample of 936 autistic adults from SPARK whose data were analyzed in the current study.




Measures


Duke-vanderbilt misophonia screening questionnaire

The duke-vanderbilt misophonia Screening Questionnaire (DVMSQ; Williams et al., 2021a) is a brief self-report measure designed to assess the symptoms of misophonia proposed in the Revised Amsterdam Criteria (Jager et al., 2020), as well as functional impairment due to misophonia. The measure also includes additional associated symptoms found to be potentially relevant during the item-generation process for the DMQ, including trigger-evoked fear/panic, physical symptoms, and attention capture by the trigger stimulus. The version of the DVMSQ administered to the Prolific and SPARK cohorts contained 21 items (one Yes/No “screening” item and 20 Likert items), as well as two free-text fields to allow participants to expand upon their trigger sounds and trigger-evoked physical symptoms, respectively (see Table 1 for full item content). Respondents are first asked a single screening question (“Are there specific sounds that you are extremely bothered by, even if they are not loud? Examples include: chewing, slurping, crunching, throat clearing, finger tapping, foot shuffling, keyboard tapping, rustling, nasal sounds, pen clicking, appliance humming, clock ticking, and animal sounds.”), and if they respond “No” to this question, no further DVMSQ items are administered. For participants who answer the screening question affirmatively, they are presented with a free-text field in which they are asked to list their specific trigger sounds. The remaining questions include 12 “symptom frequency” items (rated on a 5-point Likert scale from 0 = “Never” to 4 = “Very often”), as well as 8 “impairment” items (rated on a 5-point Likert scale from 0 = “Not at all” to 4 = “An extreme amount”). A subset of these items is additionally used to operationalize the misophonia diagnostic criteria presented in this study (see Table 2 for specifics). Scores on the 20 DVMSQ symptom and impairment items were examined in the psychometric analysis of the current study.



Duke misophonia questionnaire

The Duke Misophonia Questionnaire (DMQ; Rosenthal et al., 2021) is an 86-item modular self-report questionnaire that assesses a wide range of misophonia-related constructs, including specific triggers, trigger frequency, responses to misophonic triggers (affective, physiological, and cognitive), specific coping strategies (before, during and after being triggered), misophonia-related impairment, and dysfunctional beliefs related to misophonia. This measure was rigorously developed using an iterative item generation process with suggestions and feedback directly from individuals with misophonia and their families, and a preliminary psychometric study has established the latent structure, reliability, and convergent validity of the DMQ subscales in a sample of general-population adults (Rosenthal et al., 2021). In order to reduce participant burden in the Prolific and SPARK surveys, participants completed an abbreviated version of the DMQ that included only (a) the trigger list (16 Yes/No items), (b) the “frequency of being triggered” item (6-point Likert scale from 1 = “Once per month or less” to 6 = “6 or more times per day”), (c) the 23 DMQ symptom scale (DMQ-SS) items (5 affective, 8 physiological, 10 cognitive; rated on a 5-point Likert scale from 0 = “Not at all” to 4 = “Always/Almost always”), and a novel “global impairment” item (“Please rate the overall impact of ALL bothersome sounds on your life over the past month.”) that was rated on a visual analog scale (VAS) ranging from 0 = “No Effect” to 100 = “Extreme Effect.” SPARK participants also completed the DMQ Impairment Scale (12 items), but, given the focus of the current investigation of this study on the Prolific sample, this scale was not examined in our analyses. Participants who did not endorse any triggers on the trigger list did not complete the remaining DMQ questions. Measures derived from the DMQ included (a) number of trigger categories endorsed (range 0–15), trigger frequency (range 1–6), DMQ-SS mean symptom score (range 0–4), and global impairment VAS (range 0–100). The reliability of the DMQ-SS in the Prolific sample was excellent (α = 0.946), and the DMQ-SS correlated strongly with all other DMQ-derived variables (number of trigger categories: r = 0.545, CI95% [0.501, 0.587]; trigger frequency: rpoly = 0.635, CI95% [0.597, 0.670]; global impairment VAS: r = 0.625, CI95% [0.586, 0.661]).



Inventory of hyperacusis symptoms

The Inventory of Hyperacusis Symptoms (IHS; Greenberg and Carlos, 2018) is a 25-item self-report questionnaire designed to assess the symptoms of hyperacusis, as well as emotional responses to sounds, quality of life, mental health impact, and functional impairment due to decreased sound tolerance. Items are organized into five empirically derived subscales, including general loudness (3 items), emotional arousal (6 items), psychosocial impact (9 items), functional impact (5 items), and communication (2 items). This measure has demonstrated strong reliability, as well as some degree of convergent/divergent validity in both an online sample of individuals with tinnitus and/or hyperacusis (Greenberg and Carlos, 2018) and a care-seeking sample of individuals attending a specialist tinnitus and hyperacusis clinic in the United Kingdom (Aazh et al., 2021). Although designed to specifically assess hyperacusis, the IHS has not been formally tested in individuals with misophonia or other sound tolerance disorders; thus, it is unclear the degree to which the IHS subscales measuring emotional arousal and psychosocial/functional impact are confounded by misophonia severity. Thus, while the IHS total score (range 25–100) was reported descriptively as a measure of “hyperacusis severity” in the current study, the “general loudness” subscale (IHS-LOUD; range 3–12) was examined in analyses of discriminant validity due to its lack of content overlap with misophonia measures such as the DVMSQ and the DMQ. In the Prolific sample, reliability was good for both the IHS total score (α = 0.963) and the IHS-LOUD score (α = 0.803).



DSM-5 severity measure for specific phobia–modified for phonophobia

The DSM-5 Severity Measure for Specific Phobia (DSM-SP; Lebeau et al., 2012) is a 10-item scale published by the American Psychiatric Association to dimensionally assess symptoms of specific phobias in adults. Participants are first asked to determine which of five common phobia topics (e.g., “Animals or insects”; “Blood, needles, or injections”) is most anxiety provoking for them, proceeding to rate their symptoms over the past week when encountering situations related to the topic chosen. Items are rated on a 5-point Likert scale with responses ranging from 0 = “Never” to 4 = “All of the time,” and the mean score (range 0–4) is calculated as a dimensional index of phobia severity. The reliability and validity of the DSM-SP has been established in both clinical and non-clinical adult samples (Lebeau et al., 2012; Knappe et al., 2013, 2014). In the current study, this measure was modified to specifically assess phonophobia rather than other specific phobias. Thus, in the current study, we omitted the choice of phobic topics from the DSM-SP and instead administered the items with the following instructions: “The following questions ask about thoughts, feelings, and behaviors that you may have had in a variety of situations. Over the PAST SEVEN DAYS, how often have you experienced the following regarding situations when you are exposed to loud or unpleasant sounds?” The wording of the DSM-SP questions themselves was unchanged from the original version. In the Prolific sample, the reliability of the DSM-SP (with directions modified as detailed above) was excellent (α = 0.925).



Additional measures of psychopathology, somatic symptoms, and quality of life

Several additional self-report questionnaires (administered to the Prolific sample only) were collected in order to assess the nomological validity of the DVMSQ. Symptoms of general anxiety and depression were measured using the Overall Anxiety Severity and Impairment Scale (OASIS; Norman et al., 2006) and Overall Depression Severity and Impairment Scale (ODSIS; Bentley et al., 2014; Ito et al., 2015), respectively. Possible scores on these measures range from 0 to 20, and reliabilities in the Prolific sample were good (OASIS: α = 0.862; ODSIS: α = 0.871). Clinically relevant manifestations of anger (including subjective feelings of anger, overt verbal aggression, and destructive urges) in the past week were assessed using the Clinically Useful Anger Outcome Scale (CUANGOS; Levin-Aspenson et al., 2021). CUANGOS scores range from 0 to 20, and reliability in the Prolific sample was good (α = 0.857). Multi-system somatic symptom burden was measured using the Somatic Symptom Scale–8 (SSS-8; Gierk et al., 2014). SSS-8 total scores range from 0 to 32, and this score exhibited good reliability in the Prolific sample (α = 0.814). Lastly, overall quality of life (i.e., general life satisfaction) was measured using the 6-item Riverside Life Satisfaction Scale (RLSS; Margolis et al., 2019). RLSS total scores range from 6 to 42, and reliability in the Prolific sample was excellent (α = 0.900).




Statistical analyses

All statistical analyses were conducted in R version 4.1.0 (R Core Team, 2021). Relevant demographic and clinical variables were summarized descriptively. Differences between the Prolific and SPARK samples on demographic and clinical variables were quantified using Cohen’s d for continuous variables and odds ratios (ORs) for categorical variables.


Duke-vanderbilt misophonia screening questionnaire item analysis

Item-level statistics, including category endorsement frequencies, percent endorsement of each item (at a level fulfilling the operational diagnostic criteria), and corrected item-total (polyserial) correlations, were examined for all DVMSQ participants within the Prolific sample who affirmatively answered the DVMSQ screening question (n = 833). We additionally calculated the polyserial correlation between each DVMSQ item and scores on (a) the DMQ-SS (misophonia symptoms), (b) the DSM-SP (phonophobia symptoms), and (c) the IHS-LOUD (hyperacusis symptoms), with the hypothesis that items measuring misophonia symptoms (though not necessarily items measuring misophonia-related impairment) would correlate more strongly with the DMQ-SS than with either the DSM-SP or IHS-LOUD.



Structural analyses of the duke-vanderbilt misophonia screening questionnaire

In order to assess the overall dimensionality of the DVMSQ, we first performed an exploratory graph analysis (EGA; Golino and Epskamp, 2017; Golino et al., 2020) using the EGAnet R package (Golino and Christensen, 2020). The EGA was performed using a regularized partial correlation network based on polychoric correlations (“EBICglasso” estimation with γ = 0.5 and λ = 0.1), and communities were determined using the Walktrap algorithm with four steps (Christensen et al., 2020). In order to better approximate the normal latent trait distributions assumed by the polychoric correlations, the analysis was performed on only data from individuals who completed all DVMSQ items (i.e., the zeros in the zero-inflated distribution were discarded). Although the number of dimensions was the primary variable of interest derived from this analysis, we also investigated the community assignment of the various DVMSQ items, determining whether this process identified communities that conformed to the theoretical dimensions of symptoms and impairment. In cases where specific items (particularly those not reflecting the operational diagnostic criteria for misophonia) were not clustering as expected with other items (i.e., an impairment item being assigned to a symptom dimension or vice versa), those items were removed from the analysis, and the EGA process was repeated. To further assess the dimensionality of the DVMSQ, we additionally employed the Factor Forest method (Goretzko and Bühner, 2020, 2022), a novel machine-learning based factor retention criterion that has shown excellent performance in recent simulation studies.

After assessing the dimensionality of the full DVMSQ, we investigated the latent structure of the symptom and impairment dimensions separately using full-information bifactor item response theory (IRT) modeling with iterative model refinement and replication in a holdout sample. Individuals who did not affirm the DVMSQ screening question (and therefore did not fill out all subsequent items referring to one’s experience of triggering sounds) were excluded from IRT analysis. To perform our IRT analyses, the 833 individuals in the Prolific sample who answered all DVMSQ questions were divided into exploratory (n = 417) and confirmatory [holdout] (n = 416) subsamples. A bifactor graded response model (Gibbons et al., 2007; Cai et al., 2011; Toland et al., 2017) was fit to item response data for symptoms and impairment items separately in the exploratory subsample, with results from the EGA community assignment used to preliminarily assign items to specific factors. Models were fit using the mirt R package (Chalmers, 2012), with the Bock and Aitkin (1981) Expectation-Maximization algorithm employed for models without cross-loadings on specific factors and the Quasi-Monte Carlo Expectation-Maximization algorithm (Hori et al., 2020) employed for all other models.

Global IRT model fit was assessed using the limited-information C2 fit index (Cai and Monroe, 2014; Monroe and Cai, 2015) accompanied by C2-based approximate fit indices, including the Tucker-Lewis index (TLIC2; Cai et al., 2021), root mean square error of approximation (RMSEAC2; Maydeu-Olivares and Joe, 2014), and standardized root-mean-square residual (SRMR; Maydeu-Olivares and Joe, 2014). Local model misfit was assessed based on examination of standardized residuals, with | rres| > 0.1 judged to indicate significant model misspecification. Additionally, local item dependence was evaluated using the Q3 residual correlation (Yen, 1984), with model-specific critical values based on the 99th percentile of a simulated distribution (1,000 simulated datasets) based on parametric bootstrapping (Christensen et al., 2017). Within the exploratory subsample, items that demonstrated either | rres| > 0.1 or Q3 values above the empirical cutoff value were either deleted from the model or specified to load onto another specific factor. Additionally, when an item loaded poorly onto a specific factor (i.e., standardized | λ| < 0.1), that factor loading was set to zero in future model iterations. This process was repeated until the final exploratory models for symptoms and impairment demonstrated no significant local misspecification and all specific factor loadings were greater than 0.1. The exploratory model was then re-fit in the holdout sample, and global/local misfit were evaluated using the same criteria. Final models for symptoms and impairment were then re-fit in the combined Prolific sample (n = 833), and final model parameters were examined. Bifactor indices (Rodriguez et al., 2016) were also examined to evaluate each dimension’s model-based reliability (omega total [ωT]), general factor saturation (omega hierarchical [ωH]), and essential unidimensionality (explained common variance [ECV]).

Once psychometrically adequate models were chosen for both symptoms and impairments, the two scale subsections were fit within a single bifactor IRT model. This model was evaluated in the exploratory sample for potential misspecification, with a slightly more relaxed misspecification criterion of | rres| > 0.15 used to accommodate the larger model size and substantially increased number of residual correlations. Misspecifications were addressed iteratively, and the final model fit was tested in the hold-out sample for confirmation. Once an adequate model was generated for the full DVMSQ, this model was fit in the combined Prolific sample (n = 833), and final model parameters (including model-based total score reliability [ωT], general factor saturation [ωH], and essential unidimensionality [ECV]) were examined. This final model generated in the Prolific sample was then re-fit in the SPARK sample (again using only the individuals who completed all DVMSQ items; n = 645) and evaluated for global and local misspecification to determine whether the structure of the DVMSQ was configurally invariant across the two populations. Model parameters and bifactor indices in the autistic sample were also examined.

Once a structural model was found to adequately fit both the Prolific and SPARK samples, we fit multiple-group IRT models to the full dataset, which were then used to test differential item functioning (DIF) of the DVMSQ items between diagnostic groups. For the purpose of DIF analyses, individuals in the Prolific sample who self-reported an autism diagnosis were considered as belonging to the autism group. DIF testing was performed using a version of the iterative Wald test procedure proposed by Cao et al. (2017), in which all items are tested for DIF using a “Wald-2” procedure (Woods et al., 2013), all items not demonstrating DIF are selected as anchors, and the Wald test is performed again on the remaining items iteratively until all tested items show DIF at the p < 0.05 level (uncorrected). Given the likelihood of this method to detect trivially small yet non-zero DIF at the sample sizes tested in the current study (Williams et al., 2021b; Williams and Gotham, 2021a,b), items with a standardized DIF effect size (expected score standardized difference [ESSD]; Meade, 2010) less than ±0.2 (i.e., smaller than Cohen’s (1988) definition of a “small” effect) were also included as anchor items for the iterative Wald procedure. In order to reduce computational burden and address model convergence issues, means and variances of all specific factors (i.e., all factors except the general factor) were fixed to the values used in the “Wald-2” procedure. This version of the iterative Wald method was implemented using a custom R function written by the first author (Williams, 2021). An item was flagged as exhibiting practically significant DIF if both (a) the omnibus Wald test demonstrated a p-value < 0.05 after Benjamini-Hochberg false discovery rate correction (i.e., pFDR < 0.05) and (b) the ESSD effect size was greater than 0.5, indicating a “medium” or larger amount of DIF (Meade, 2010). Moreover, the combined biasing effect of all DIF on sum score differences between groups (i.e., differential test functioning [DTF]) was evaluated in total score units (UETSDS) and Cohen d units (ETSSD), with values of ETSSD > 0.1 judged to be a practically meaningful amount of DTF. Significant omnibus Wald tests demonstrating DIF in individual items were followed up with separate tests of slopes vs. intercept differences in order to determine whether DIF was uniform (affecting intercepts only) or non-uniform (affecting slopes with or without interceptions) (Stover et al., 2019). In addition to assessing DIF by diagnostic group, we also examined DIF within the Prolific sample according to age (<30 vs. ≥30), sex (Female vs. Male), and level of education (any college degree vs. “some college” or less). Notably, the cutpoints used to dichotomize age and education were chosen to allow for sufficiently large numbers of participants (i.e., >300) in each subgroup, increasing the measurement precision in the focal group and power to detect significant DIF.



Validity testing

After evaluating the latent structure and DIF of the DVMSQ, we calculated summary scores for the measure, including a total score (17 items; range 0–68), symptom score (10 items; range 0–40), and impairment score (7 items; range 0–28). To assess the nomological validity of the DVMSQ-derived scores, we examined zero-order Pearson correlations between DVMSQ scores and correlates of interest (i.e., scores from the DMQ, IHS, DSM-SP, OASIS, ODSIS, CUANGOS, SSS-8, and RLSS) in both the whole Prolific sample (n = 1403) and the subsample that completed all DVMSQ items (n = 833). We hypothesized that the DVMSQ scores would exhibit strong positive correlations (r > 0.5) with all DMQ-derived scores (based on the minimal accepted criteria for convergent validity; Carlson and Herdman, 2012), as well as moderate positive correlations with all remaining variables (r > 0.3) except for the RLSS score, which was expected to demonstrate a moderate negative correlation with the DVMSQ (r < −0.3). To further demonstrate the construct validity of the DVMSQ scores, we used the Zou (2007) confidence interval procedure to test whether the three DVMSQ-derived scores correlated more highly with the DMQ-SS than with measures of other types of decreased sound tolerance (IHS-LOUD, DSM-SP), anxiety (OASIS), depression (ODSIS), or somatic symptoms (SSS-8). Moreover, given the central role that anger plays in the construct of misophonia, we further hypothesized that the DVMSQ would correlate more highly with the CUANGOS score than with either the OASIS or ODSIS. All comparisons between dependent correlations were conducted using the cocor R package (Diedenhofen and Musch, 2015).





Results


Participant characteristics

In total, the combined sample included DVMSQ data from 2339 individuals across the two data sources, 1478 of whom (Prolific: n = 833; SPARK: n = 645) affirmatively answered DVMSQ screening question S1 and went on to complete the full measure. Demographics and clinical characterization of each sample (as well as the portions of the sample who (a) had screen-positive responses to DVMSQ item S1 [“S1 Positive” group] and (b) met the DVMSQ definition of misophonia [“Clinical Misophonia” group]) are presented in Table 3. Adults in the current study ranged from 18 to 83 years old, with participants in the SPARK sample (mean [SD] age = 37.49 [13.28] years) being slightly older on average than those in the Prolific sample (mean [SD] age = 32.27 [12.55] years), d = 0.41, CI95% [0.32, 0.49]. Though the Prolific sample had a balanced sex ratio by design (51.1% female sex among retained participants), this was not the case for the SPARK sample (63.0% female sex), which contained a significantly higher proportion of participants assigned female at birth, OR = 1.63, CI95% [1.38, 1.93]. Non-Hispanic White participants made up the majority of individuals in both samples (Prolific: 70.4%; SPARK: 80.1%), and approximately half of participants in each sample had completed a 4-year college degree (Prolific: 50.4%, SPARK: 48.2%). The median age of autism diagnosis in the SPARK sample was 23.21 years (IQR [11.77, 36.79]), with 38.7% of the sample being diagnosed with autism before the age of 18. Notably, an additional 32 individuals from the Prolific sample (2.3% of total sample, 43.8% female, mean [SD] age = 32.22 [12.14] years) reported receiving professional diagnoses of autism at a median age of 22.50 years (IQR [15.75, 32.50], range 3–50 years).


TABLE 3    Demographic and clinical characteristics of Prolific and SPARK samples.
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Based on the DVMSQ algorithm, a total of 102 individuals in the Prolific sample (7.3%, including 7 autistic adults) and 332 individuals in the SPARK sample (35.5%) met criteria for clinically significant misophonia. Subclinical misophonia, defined as meeting all DVMSQ criteria except for the “impairment” criterion, was present in an additional 144 adults in the Prolific sample (10.2%) and 97 adults in the SPARK sample (10.4%). Notably only 10 individuals in the Prolific sample (0.7%) and 21 individuals in the SPARK sample (2.2%) reported being previously diagnosed with misophonia by a professional, with almost all of these individuals meeting DVMSQ criteria for misophonia (Prolific: 7 Clinical, 2 Subclinical, 1 No misophonia; SPARK: 19 Clinical, 1 Subclinical, 1 No misophonia). Furthermore, over 85% of individuals with clinically significant misophonia in both samples (Prolific: 90.2%; SPARK: 85.5%) reported oronasal or throat sounds as among their misophonic triggers (defined as endorsing “Mouth sounds while eating,” “Nasal/throat sounds,” and/or “Mouth sounds while not eating” on the DMQ trigger list).

Within the Prolific sample, individuals meeting criteria for clinically significant misophonia were slightly younger (Misophonia: 29.69 years, Other: 32.48 years; d = −0.22, CI95% [−0.42, −0.02]), more likely to be female (Misophonia: 72.5%, Other: 49.4%; OR = 2.70, CI95% [1.73, 4.23]), and less likely to have completed a 4-year college degree (Misophonia: 40.2%, Other: 51.2%; OR = 0.64, CI95% [0.43, 0.97]) than individuals with no clinically significant misophonia. Although the association between misophonia and female sex was similarly robust in the SPARK sample (OR = 3.07, CI95% [2.26, 4.18]), associations with younger age (d = −0.04, CI95% [−0.17, 0.10]) and lower college completion (OR = 0.83, CI95% [0.63, 1.09]) were much smaller and not statistically significant. Additionally, as expected, individuals meeting DVMSQ misophonia criteria demonstrated much higher scores on the DMQ-SS (Prolific: d = 2.71, CI95% [2.49, 2.94]; SPARK: d = 1.65, CI95% [1.50, 1.80]), more reported misophonia triggers (Prolific: d = 1.80, CI95% [1.59, 2.01]; SPARK: d = 1.31, CI95% [1.17, 1.46]), and higher VAS scores for misophonia-related impairment (Prolific: d = 1.52, CI95% [1.30, 1.73]; SPARK: d = 1.20, CI95% [1.05, 1.34]) than individuals without DVMSQ-defined misophonia. For individuals in the Prolific sample, misophonia status was also strongly associated with higher levels of anxiety (OASIS; d = 1.22, CI95% [1.01, 1.42]), depression (ODSIS; d = 1.08, CI95% [0.87, 1.28]), anger (CUANGOS; d = 1.24, CI95% [1.03, 1.44]), and somatic symptom burden (SSS-8; d = 1.43, CI95% [1.22, 1.64]), as well as lower reported quality of life (RLSS; d = −0.62, CI95% [−0.82, −0.42]).



Item analysis

Duke-vanderbilt misophonia Screening Questionnaire item category frequencies, percentages of each item fulfilling its associated operational diagnostic criterion, item-total correlations, and correlations with other sound tolerance measures (DMQ-SS, IHS-LOUD, and DSM-SP) are presented for the Prolific sample in Table 4. Item endorsement at levels corresponding to the diagnostic criteria was highly variable and ranged from 7.4% (Impairment – Community) to 55.2% (Intense irritation or annoyance). Corrected item-total polyserial correlations were high (median rit = 0.677, IQR [0.636, 0.765]), with all correlations greater than 0.5 with the exception of item 4 (Disgust). Polyserial correlations between DVMSQ items and the DMQ-SS (median rpoly = 0.601, IQR [0.565, 0.639]) were somewhat higher on average than correlations with either the IHS-LOUD subscale (median rpoly = 0.479, IQR [0.405, 0.634]) or the DSM-SP score (median rpoly = 0.479, IQR [0.417, 0.619]). Notably, the DVMSQ items assessing misophonia symptoms tended to correlate more strongly with the DMQ-SS than the IHS-LOUD or DSM-SP, but this was not typically the case for the DVMSQ impairment items, several of which correlated more strongly with the IHS-LOUD and/or DSM-SP than the DMQ-SS.


TABLE 4    Item characteristics in Prolific sample that screened positive on DVMSQ item S1 (n = 833).
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Dimensionality assessment

Exploratory graph analysis of the original 20 DVMSQ items was conducted in the subset of Prolific participants who screened positive on DVMSQ item S1 (n = 833), revealing a partial correlation network with four communities. These communities were interpreted as Symptoms: Anger and Aggression (items 1, 2, 4, and 7). Symptoms: Distress and Avoidance (items 5, 6, 8, 9, 10, 11, and 12); Impairment: Specific (items 13, 14, 15, 16, and 17); and Impairment: Global Impact (items 3, 18, 19, and 20). Notably, item 3 (Fear or panic) was assigned to the “Impairment: Global Impact” community rather than either of the symptom communities, suggesting that it likely represented a separate latent variable than the other items tapping distress and avoidance. Thus, item 3 was dropped from the model, and the EGA was repeated with the remaining items. After removing item 3, the dimensionality and community structure of the 19 remaining items did not change, and this structure was then used to inform the structure of IRT models for both symptoms (11 items) and impairment (8 items). Further converging with the results of the EGA, the Factor Forest method also found a four-dimensional structure to be most likely, both before (Pk = 4 = 0.865) and after (Pk = 4 = 0.801) removing item 3.



Item response theory analyses


Misophonia symptoms

In the exploratory subsample of Prolific participants, we first fit the 11 symptom items with a bifactor model, in which all items loaded on one general factor, and each item additionally loaded on a specific factor based on its community assignment within the EGA (i.e., items 1, 2, 4, and 7 on specific factor 1 and items 5, 6, 8, 9, 10, 11, and 12 on specific factor 2). This initial model demonstrated global fit indices that were adequate overall (C2(33) = 92.55, p < 0.001, TLIC2 = 0.976, RMSEAC2 = 0.066, CI90% [0.050, 0.082], SRMR = 0.041), and no local dependence, but two standardized residuals (items 4 [Disgust] and 5 [Urge to run away]: rres = 0.156; items 4 [Disgust] and 11 [Excessive/unreasonable reactions]: rres = −0.115) were greater than 0.1, suggesting additional local misspecification. Furthermore, while examination of factor loadings in this model demonstrated large positive loadings on the general factor for all items (median λG = 0.714, range [0.464, 0.815]), loadings on the “Distress and Avoidance” factor were negligible for items 8 (Loss of control; λS2 = −0.065) and 9 (Attention capture by trigger; λS2 = 0.008). Item 11 also demonstrated an unexpected loading pattern, with a strong general factor loading (λG = 0.743) and a moderate negative loading on the “Distress and Avoidance” factor (λS2 = −0.309). Thus, to correct the model misspecification, we allowed item 4 to load onto both specific factors, fixed the loadings of items 8 and 9 on specific factor 2 to 0, and removed item 11 (Excessive/unreasonable reactions) from the model entirely. The resulting model demonstrated significantly improved fit in the exploratory subsample (C2(26) = 33.53, p = 0.147, TLIC2 = 0.996, RMSEAC2 = 0.026, CI90% [0.000, 0.050], SRMR = 0.028), no local dependence, no large residuals, and factor loadings all greater than 0.1. This same model was then re-fit in the confirmatory subsample, again demonstrating adequate fit (C2(26) = 67.19, p < 0.001, TLIC2 = 0.979, RMSEAC2 = 0.062, CI90% [0.044, 0.080], SRMR = 0.037) and no local dependence. One residual correlation between items 7 (Violent urges) and 8 (Loss of control) was above the cutoff value in the confirmatory sample (rres = 0.112); however, allowing item 8 to load onto the “Anger and Aggression” factor produced a standardized loading of <0.1; thus, the model without this loading was retained as our final symptom model. IRT model parameters, factor loadings and bifactor coefficients for the final symptom model (fit to the combined exploratory and confirmatory Prolific samples) are presented in Supplementary Tables 1, 2. Bifactor coefficients indicated high reliability (ωT = 0.927), with the majority of variance accounted for by a single general “misophonia symptoms” factor (ωH = 0.825, ECV = 0.747).



Misophonia-related impairment

In the exploratory subsample of Prolific participants, we fit the eight impairment items with a bifactor S–1 model (Eid et al., 2018), in which all items loaded onto a single general factor and the three “Global Impact” items loaded onto a single specific factor in accordance with their EGA community assignment. This initial model demonstrated adequate global fit (C2(17) = 55.19, p < 0.001, TLIC2 = 0.985, RMSEAC2 = 0.073, CI90% [0.052, 0.095], SRMR = 0.041), no local dependence, and no large residuals. Additionally, loadings on the general factor were strong for all items (median λG = 0.846, range [0.817, 0.886]), and all specific factor loadings were greater than 0.1. However, when this model was re-fit in the confirmatory subsample, the global fit was substantially worse (C2(17) = 75.01, p < 0.001, TLIC2 = 0.978, RMSEAC2 = 0.091, CI90% [0.070, 0.112], SRMR = 0.053). This decrement in fit was accompanied by two large residual pairs (item 14 [Impairment – Occupational] and item 17 [Impairment – Concentration]: rres = 0.122; item 14 and item 20 [Global impact – Life worse]: rres = −0.120), as well as significant local dependence between items 14 and 17 (Q3 = 0.276 [99th percentile: 0.233]). In response to this local misfit, we removed item 17 from the model, resulting in adequate global fit (C2(11) = 19.95, p = 0.046, TLIC2 = 0.995, RMSEAC2 = 0.044, CI90% [0.006, 0.075], SRMR = 0.035), no large residuals, and no locally dependent item pairs within the confirmatory sample. This model also fit well within the exploratory sample C2(11) = 18.89, p = 0.063, TLIC2 = 0.995, RMSEAC2 = 0.042, CI90% [0.000, 0.072], SRMR = 0.033, again demonstrating no local misfit or local item dependence. Thus, it was retained as the final model. IRT model parameters, factor loadings and bifactor coefficients for the final impairment model (fit to the combined exploratory and confirmatory Prolific samples) are presented in Supplementary Tables 3, 4. Bifactor coefficients indicated high reliability (ωT = 0.958), with almost all reliable variance accounted for by a single general “misophonia-related impairment” factor (ωH = 0.905, ECV = 0.902).



All duke-vanderbilt misophonia screening questionnaire items (symptoms and impairment)

Within the exploratory Prolific subsample, we fit a bifactor model to all 17 remaining DVMSQ items, including one general factor and four specific factors (Anger and Aggression: items 1, 2, 4, and 7; Distress and Avoidance: items 4, 5, 6, 10, and 12; Overall Impairment: items 13, 14, 15, 16, 18, 19, and 20; and Global Impact: items 18, 19, and 20). This model fit the data in the exploratory subsample well (C2(100) = 144.33, p = 0.002, TLIC2 = 0.994, RMSEAC2 = 0.033, CI90% [0.020, 0.044], SRMR = 0.044) and demonstrated no local dependence. However, two residual correlations exceeded 0.15 (item 12 [Avoidance of triggers] and item 13 [Impairment – Social]: rres = 0.163; item 12 and item 16 [Impairment – Community]: rres = 0.152), prompting us to allow item 12 to cross-load onto the “Overall Impairment” factor. The revised model demonstrated slightly improved fit (C2(99) = 129.62, p = 0.021, TLIC2 = 0.996, RMSEAC2 = 0.027, CI90% [0.011, 0.039], SRMR = 0.035), no residual correlations greater than 0.15, and no locally dependent item pairs. This revised model was then re-fit in the confirmatory sample, again exhibiting adequate global fit (C2(99) = 188.05, p < 0.001, TLIC2 = 0.988, RMSEAC2 = 0.047, CI90% [0.036, 0.057], SRMR = 0.046), no large residuals, and no local dependence. The same model fit in the SPARK sample also demonstrated adequate fit in the population of autistic adults (C2(99) = 196.06, p < 0.001, TLIC2 = 0.991, RMSEAC2 = 0.039, CI90% [0.031, 0.047], SRMR = 0.042), as well as no local misfit or locally dependent item pairs. Parameters for the combined model in both the Prolific and SPARK samples are presented in Table 5. Notably, while reliability of the DVMSQ total score was very high in both samples (Prolific: ωT = 0.977; SPARK: ωT = 0.957; Supplementary Tables 5, 6), the “general misophonia” factor explained a smaller relative proportion of total score variance (Prolific: ωH = 0.756, ECV = 0.586; SPARK: ωH = 0.740, ECV = 0.567), seemingly due to the sizable minority of variance in DVMSQ impairment items attributed to the “Overall Impairment” factor (Prolific: ωHS = 0.457; SPARK: ωHS = 0.474). Moreover, the DVMSQ symptom and impairment scales demonstrated significant convergence (Prolific: r = 0.560, CI95% [0.512, 0.605]; SPARK: r = 0.617, CI95% [0.567, 0.662]), although the magnitude of their intercorrelation was low enough to suggest that the two scores may differentially correlate with external variables in some cases (Carlson and Herdman, 2012).


TABLE 5    Bifactor graded response model parameters for the final DVMSQ model in Prolific and SPARK samples.
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For the 17 DVMSQ items included in the final model, DIF was evaluated using the iterative Wald test procedure. Based on these tests, statistically significant DIF (i.e., pFDR < 0.05 and | ESSD| > 0.2) was detected in four DVMSQ items (4, 10, 12, and 16; Table 6), although only the DIF in item 12 (Avoidance of triggers; ESSD = 0.587) was large enough to meet our threshold of practical significance. Moreover, the total impact of DIF on between-group score differences was relatively low, on average summing to a less-than-one point difference on a 68-point scale (UETSDS = 0.722, ETSSD = 0.053). As this was within the amount of DTF that we deemed ignorable in practice (i.e., | ETSSD| < 0.1), we concluded that the DVMSQ is approximately invariant according to autism status. DIF was also evaluated within the Prolific sample with respect to age group (<30 years old vs. ≥30 years old), sex (female vs. male), and education level (any college degree vs. “some college” or less). No statistically significant DIF was found according to age (all pFDR > 0.169; all | ESSD| < 0.387) or education level (all pFDR > 0.607; all | ESSD| < 0.192), although practically significant DIF between males and females was observed for item 12 (ESSD = 0.650). However, as in the case of DIF by diagnostic group, the degree of DTF by sex was less than one DVMSQ scale point (UETSDS = 0.420, ETSSD = 0.040) and was deemed small enough to not result in a practically significant amount of bias. Thus, based on these results, the DVMSQ was judged to be approximately invariant across age, sex, education level, and diagnostic status.


TABLE 6    Differential item functioning test results for non-invariant items.
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Validity testing

Zero-order correlations between the DVMSQ scales and external variables of interest are presented in Table 7. Notably, the DVMSQ total score correlated very highly with the DMQ-SS score in both the full sample (r = 0.802, CI95% [0.783, 0.820]) and the S1 Positive sample (r = 0.855, CI95% [0.835, 0.872]), strongly supporting the convergent validity of these two measures. Although most observed correlations were similar in magnitude to our predictions, correlations between all DVMSQ scores and non-misophonia forms of decreased sound tolerance (i.e., the IHS-LOUD and DSM-SP) were substantially larger than expected, and correlations between the DVMSQ scores and the RLSS were somewhat smaller than expected. When statistically comparing correlation coefficients, the DVMSQ total score was more strongly correlated with the DMQ-SS than either the IHS-LOUD score (Whole Sample: Δr = 0.192, CI95% [0.165, 0.222]; DVMSQ-complete Sample: Δr = 0.175, CI95% [0.143, 0.210]) or the DSM-SP score (Whole Sample: Δr = 0.204, CI95% [0.177, 0.233]; DVMSQ-complete Sample: Δr = 0.153, CI95% [0.124, 0.185]), providing modest evidence of divergent validity despite the relatively high correlations with measures of hyperacusis and misophonia. This same pattern of correlation differences was present for the DVMSQ symptom score but not the DVMSQ impairment score (Table 7), suggesting that the latter score does not necessarily differentiate impairment due to misophonia from impairment due to other forms of decreased sound tolerance. Lastly, contrary to our hypotheses, correlations between the DVMSQ and the CUANGOS were not uniformly larger than correlations between the DVMSQ and the OASIS, ODSIS, or SSS-8 (Whole Sample: Δrs = −0.048–0.038; DVMSQ-complete Sample: Δrs = −0.021–0.063), with similar patterns observed for both the DVMSQ symptom and impairment subscales as well. In fact, in all but one case (symptom score in the DVMSQ-complete Sample), somatic symptom burden was a stronger correlate of the DVMSQ than depression, anxiety, or anger, although absolute differences between correlations were generally small in magnitude (all Δrs < 0.1).


TABLE 7    Pearson correlations between DVMSQ scores and external variables.
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Discussion

Though a number of novel self-report questionnaires have been published in the past several years to assess the symptoms of misophonia, there is still limited consensus regarding the most suitable measures for different purposes within misophonia research and clinical care (e.g., diagnosis, screening, clinical phenotyping, longitudinal symptom tracking, quantifying response to intervention). In the current study, we introduced and examined the psychometric properties of the DVMSQ, a brief measure of misophonia symptoms and associated impairment designed specifically to assess a set of operational diagnostic criteria and determine “misophonia caseness” in the context of research studies. Examining DVMSQ responses from over 2,000 autistic and non-autistic adults, we iteratively tested and subsequently replicated the latent structure of the questionnaire, which was found to be approximately invariant according to autism status, age group, sex, and level of education. Model-based reliability of the DVMSQ total score was high, and the pattern of correlations between the DVMSQ and other related variables strongly supported its construct validity as a measure of misophonia severity and impairment. Although further studies are needed to establish the diagnostic efficiency (e.g., sensitivity, specificity, and positive/negative predictive values), temporal stability, and sensitivity-to-change of this measure, initial psychometric data on the DVMSQ support its use as a measure of misophonia symptoms and impairment in both general population adults and adults on the autism spectrum. The revised DVMSQ form is freely available for use and can be found in Supplementary material.

By incorporating the recent consensus definition of misophonia (Swedo et al., 2022) into our DVMSQ-based diagnostic algorithm, this study represents the first attempt to operationalize the misophonia consensus definition into a formal set of diagnostic criteria to be applied in research or clinical practice (Williams, 2022). Using the DVMSQ algorithm to define misophonia caseness, the prevalence of clinically significant misophonia was 7.3% (102/1403) in a sex-balanced crowdsourced sample from Prolific and 35.5% (332/936) in a female-predominant sample of independent autistic adults recruited from the SPARK cohort. An additional 10% of each sample (i.e., 144 adults in the Prolific sample and 97 adults in the SPARK sample) met DVMSQ criteria for “subclinical misophonia” (i.e., misophonia symptoms above the clinical threshold but without significant functional impairment). Notably, these prevalence figures may be modestly overestimated due to the selection bias of individuals with misophonia preferentially participating in our studies, which were advertised as being about “sensory sensitivities,” broadly defined. Misophonia status in both general population and autistic samples was linked to female sex, and in the general population only, younger age and lower college completion rates. Though the DVMSQ-derived categories of clinical and subclinical misophonia have yet to be validated using independent criteria (e.g., best-estimate clinical diagnosis of misophonia based on a structured interview), the general-population estimates observed here are similar to those derived in the only interview-based epidemiological study of misophonia prevalence conducted to date (Kılıç et al., 2021). Moreover, 29 of 31 individuals in the current study who had previously received clinical diagnoses of misophonia (93.5%) were flagged by the DVMSQ as meeting all misophonia symptom criteria necessary for a diagnosis, providing further evidence to support the validity of the screening algorithm.

This study was also the first to examine the prevalence and features of misophonia in a sample of autistic adults, a clinical population that anecdotally reports high rates of misophonia-like symptoms (Landon et al., 2016; Scheerer et al., 2021; Williams et al., 2021c) but that has not previously been systematically studied using validated misophonia symptom measures. Based on the DVMSQ criteria, clinically significant misophonia was present in slightly over one-third of our SPARK sample (44.2% of autistic females and 20.5% of autistic males), a rate substantially higher than that found in the general population Prolific sample. Notably, autistic individuals have been largely excluded from misophonia research to date (though see Haq et al., 2021; Tonarely-Busto et al., 2022), potentially due to prior iterations of misophonia diagnostic criteria attempting to differentiate misophonia from other forms of decreased sound tolerance often observed in autism (Schröder et al., 2013; Jager et al., 2020). Though a substantial majority of individuals with clinically significant misophonia are likely non-autistic (e.g., only 7 of 102 in our Prolific sample [6.9%] reported a formal autism diagnosis), our data demonstrate that many autistic individuals meet full criteria for misophonia, and that most of these individuals (around 85%) report “classic” oronasal sounds as among their specific triggers. Furthermore, empirical analyses of the DVMSQ found that the structure of misophonia symptoms does not differ meaningfully between autistic and non-autistic adults, with practically ignorable amounts of DTF between groups. These data suggest that misophonia associated with autism is not a qualitatively different entity from misophonia in non-autistic individuals, providing empirical support for the idea that misophonia should be considered a separate diagnostic entity in autistic individuals rather than being attributed to autism-associated sensory reactivity (Swedo et al., 2022). Though misophonia is likely less prevalent than hyperacusis in autistic individuals (Williams et al., 2021e; Carson et al., 2022), both disorders appear to contribute substantially to the overall burden of decreased sound tolerance in the autistic population, arguably warranting additional attention within autism research and specialist autism clinics. As the DVMSQ is the first measure of misophonia symptoms and impairment validated for use in the autistic population, autism researchers and clinicians treating autistic adults may find this measure particularly useful for understanding the misophonia phenotype in autism and monitoring the success of treatments aimed at reducing misophonia symptoms.

When examining the latent structure of the DVMSQ, we found that the scale’s items conformed to a bifactor structure with specific dimensions of anger/aggression, distress/avoidance, impairment, and global impact. Notably, the final measurement model excluded three of the original 20 DVMSQ items, namely (a) panic or fear in response to trigger stimuli, (b) perceptions of one’s misophonic reactions as being excessive or unreasonable, and (c) impairment in one’s ability to concentrate. With regard to the fear/panic item, it is notable that this item was endorsed at substantially lower rates than other emotional responses thought to be more typical of misophonia (i.e., irritation/annoyance, anger, and disgust). Furthermore, the fear/panic item was not assigned to either symptom-related community in the EGA, suggesting that it represented a latent construct separate from anger/aggression and distress/avoidance. This finding is in concordance with the large study of Jager et al. (2020), which found that despite individuals with misophonia reporting anticipatory anxiety surrounding triggers, none reported that the triggers themselves evoked feelings of fear or anxiety in the same manner that they evoked anger and/or disgust. Although the item assessing fear/panic was removed from the DVMSQ total score, we chose to retain it in the revised DVMSQ questionnaire in order to capture information about these emotions that may be relevant in deciding whether an individual has misophonia, phonophobia, or a combination thereof. The other two items excluded from the measurement model were both removed from the questionnaire, as neither was judged to contribute meaningful diagnostic information on its own in the way that the fear/panic item does. Since the collection of the data in the current study, the text of the initial DVMSQ “screening” item has also been modified to contain the following clarifying text: “These sounds should cause significant emotional distress (e.g., extreme irritation, anger, disgust, rage, anxiety, or panic). Do NOT count sounds that bother you only because you find them too loud or physically painful.” Though this version of the DVMSQ screening question has not been empirically tested, we believe that this clarifying text will be helpful in increasing the measure’s specificity for misophonia (i.e., eliminating false-positive “Yes” responses due to hyperacusis) without lowering its sensitivity for persons with misophonia who would have otherwise responded affirmatively to that initial question. Full text of the updated DVMSQ and scoring guidelines can be found in the Supplementary material.

The present study also investigated the construct validity of the DVMSQ and its component scores by examining correlations between these measures and (a) another psychometrically validated misophonia questionnaire (the DMQ), (b) measures of other forms of decreased sound tolerance (the IHS-LOUD and DSM-SP, measuring hyperacusis and phonophobia, respectively), (c) measures of psychopathology and somatic symptom burden (the OASIS, ODSIS, CUANGOS, and SSS-8), and a measure of general life satisfaction (the RLSS). Correlations between the DMVSQ and the DMQ-SS were exceptionally high (rs > 0.8 for the DVMSQ total score and rs > 0.7 for the symptom/impairment scores), supporting the convergent validity of these two misophonia severity measures in the general population (Carlson and Herdman, 2012). Correlations with other DMQ-derived measures, including the number of trigger categories, the frequency of trigger exposure, and the impact on one’s life, were lower but still in the moderate-to-large (0.4–0.65) range, suggesting that these aspects of misophonia are separable but related constructs. The DVMSQ also correlated with measures of anxiety, depression, anger, and somatic symptom burden in a way similar to our hypotheses. However, contrary to our predictions, misophonia symptoms did not correlate more strongly with anger than with other forms of emotional distress or somatic symptoms. Correlations between the DVMSQ scores and quality of life were also slightly smaller than predicted, although all were non-zero and in the anticipated direction.

Notably, discriminant correlations between the DVMSQ and other measures of non-misophonia decreased sound tolerance (i.e., the IHS-LOUD and the DSM-SP) were unexpectedly high, particularly for the DVMSQ impairment score. Though the DVMSQ total and symptom scores demonstrated significantly stronger correlations with measures of misophonia symptoms as opposed to hyperacusis/phonophobia symptoms, this was not the case for the DVMSQ impairment score, which shared similar amounts of variance with the measures of misophonia, hyperacusis, and phonophobia symptoms. This finding suggests that the “misophonia-related impairment” domain of the DVMSQ likely measures more general impairment due to all types of decreased sound tolerance. Although the differential correlations between measures of decreased sound tolerance do provide some evidence of discriminant validity for the DVMSQ total and symptom scores, measures of “misophonia symptoms” in the general population may potentially be substantially confounded by other forms of decreased sound tolerance such as hyperacusis or phonophobia. Given these results, we strongly recommend that all putative measures of misophonia or other sound tolerance disorder symptoms be demonstrated to correlate more strongly with other measures of the same symptom domain than with measures of phenomenologically different symptoms. Otherwise, research on misophonia risks conflating misophonia with more broadly defined decreased sound tolerance, potentially leading to incorrect conclusions about the most effective diagnostic/screening methods for misophonia or the overlap of misophonia with other sound tolerance disorders such as hyperacusis and phonophobia. Future research is, therefore, much needed to determine the most appropriate ways to psychometrically distinguish different forms of decreased sound tolerance from one another, particularly when using self-report questionnaires.

This investigation has a number of strengths, including a large and diverse sample of autistic and non-autistic adults; rigorous data-quality checks to ensure valid survey responses; clinical characterization that included additional measures of misophonia, hyperacusis, phonophobia, psychopathology, and somatic symptoms; confirmation of dimensionality with established and novel methods; sophisticated bifactor latent variable models with out-of-sample model fit assessment; and robust tests of differential item and test functioning across multiple subpopulations. However, it is not without limitations. Most notably, there was no interview-based “gold-standard” used to determine misophonia status, and we were therefore unable to report on the criterion-related validity or diagnostic efficiency (e.g., sensitivity, specificity, positive/negative predictive values) of the DVMSQ diagnostic algorithm in either sample. Future work is, thus, necessary to determine whether the DVMSQ algorithm is calibrated appropriately to screen for misophonia that rises to the level of clinical significance as judged by a trained clinician interviewer. In addition, the consensus definition-based diagnostic criteria used by our team were created after DVMSQ data were collected; consequently, the DVMSQ did not encompass all aspects of the condition mentioned in the consensus definition (e.g., “indirect” forms of avoidance such as altering others’ “triggering” behavior; Cowan et al., 2022). Future versions of the DVMSQ and other criterion-based misophonia screening tools should, therefore, be developed to fully capture the features of misophonia as reflected in the current diagnostic criteria or any more rigorously developed consensus criteria that are proposed in the literature. Another limitation of the current study was its cross-sectional design, as this precluded any analyses of the test-retest reliability of the DVMSQ total or subscale scores, the temporal stability of DVMSQ misophonia classification, or assessment of DIF across multiple administrations. As such, additional studies are needed to assess these properties of the measure, particularly if researchers are interested in using the DVMSQ to quantify change in misophonia symptoms due to treatments such as cognitive-behavioral therapy (Jager et al., 2021) or pharmacological interventions (Webb, 2022). Additional IRT-based psychometric analyses, such as determining the level of latent misophonia severity that can be measured precisely by the DVMSQ and validating scoring algorithms that differentially weight each item from the measure represent worthwhile future directions. Finally, despite promising data in the general population and independent autistic adults, the DVMSQ has not yet been validated for use in adolescents, autistic adults with intellectual disabilities, or other clinical populations of interest, and further research is warranted to determine whether this measure is appropriate to assess misophonia in these groups. In particular, given the frequent onset of misophonia symptoms in childhood or adolescence (Potgieter et al., 2019), there is a great need for screening tools in this age range, and we believe the readability of the DVMSQ makes it a strong candidate measure for potential further testing in younger age groups. Independent replication of the latent structure of the revised DVMSQ in general-population datasets would also be informative regarding the structure of the items in the context of the new screening item clarification text and the removal of two additional Likert items from the original scale.



Conclusion

The DVMSQ is a novel self-report measure of misophonia symptoms and associated functional impairment designed to capture the core aspects of this disorder and to assign misophonia caseness according to a theory-based diagnostic algorithm. Based on initial psychometric testing of the DVMSQ in over 2,000 adult participants, the measure demonstrates a robust and replicable latent structure, adequate reliability and construct validity, and practically ignorable differential item and test functioning between autistic and non-autistic adults. The DVMSQ total score can be used as a global summary measure of misophonia symptoms and impairment, and separate symptom and impairment subscale scores are also available to investigate these two aspects of the misophonia construct. Despite encouraging preliminary psychometric data, further research is needed to independently validate these findings and extend them to other measurement properties (e.g., test-retest reliability and diagnostic efficiency) and respondent populations (e.g., adolescents, individuals with intellectual disability). However, in light of these initial data, we believe that the DVMSQ represents a promising measure of misophonia for use in research and clinical practice, particularly when assessing the features of misophonia seen in adults on the autism spectrum. As the field of misophonia research is rapidly growing and changing, additional revisions of this scale will undoubtedly be necessary as the very definition of misophonia is revised and updated to more accurately capture the lived experiences of individuals with this poorly understood disorder.
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Aims: This longitudinal study examined the role of anger, disgust, and anxiety in the experience of misophonia, the quality of life of those with self-reported misophonia in comparison to those without misophonia, and the association of misophonia and quality of life over time.

Methods: An online longitudinal survey was conducted, with misophonia, anger, disgust, anxiety, depression, self-esteem, and quality of life measured at two time points (6-months apart) in two groups of people (those with self-reported misophonia and those without misophonia).

Results: Anger and disgust emerged as the primary predictors of misophonic responses. Anxiety and depression were not significantly associated with misophonia over time. Differences in quality of life were observed between those with and without self-reported misophonia in the current study, with lower scores across the SF-36 domains of role limitations due to emotional problems, energy/fatigue, emotional wellbeing, social functioning, and general health for those with misophonia compared to those without misophonia. Compared with other studies, scores for those with self-reported misophonia were lower than those with long-term physical conditions, similar to those with tinnitus, but higher than those with obsessive compulsive disorder. Misophonia was predictive of quality of life over time but only on two domains: role limitations due to emotional problems (predictors: avoidance, emotional responses, and impact on participation in life) and pain (predictor: impact on participation in life). Depression remained a strong predictor of quality of life over time.

Conclusion: Anger and disgust are more strongly associated with the experience of misophonia than anxiety. Quality of life in people with self-reported misophonia is lower than in the general population and may be similar to those with tinnitus. Depression, avoiding triggers, the extent of the emotional response, and perceived impact on participation in life are associated with perceptions of lower quality of life over time for people with self-reported misophonia.
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misophonia, quality of life, misophonia response scale, anger, disgust, anxiety, depression


Introduction

Misophonia, an aversion to everyday sensory stimuli, is associated with an extreme reaction (emotional and/or physiological) in response to certain trigger stimuli, which are usually auditory stimuli (Jastreboff and Jastreboff, 2001; Edelstein et al., 2013; Schröder et al., 2013; Jager et al., 2020; Swedo et al., 2022). While our knowledge and understanding of the characteristics of misophonia are growing this remains an understudied condition. This study aimed to add to our understanding of misophonia by assessing the association with negative emotions (such as anger, disgust, and anxiety), to determine the quality of life for people with self-reported misophonia using a widely used scale that would facilitate comparisons with other conditions, and to determine the extent to which misophonia is associated with quality of life over time.

Research to date shows that the catalyst that brings about a misophonic response is usually an auditory occurrence, but may sometimes be visual (Swedo et al., 2022). The misophonic response varies between individuals both in terms of the type of trigger, and the intensity and duration of the response (Jastreboff and Jastreboff, 2001; Edelstein et al., 2013; Schröder et al., 2013). The most common auditory triggers are, “mouth-oriented” sounds (for example, chewing and lip smacking), however, visual triggers are also reported; while these are often visual stimuli associated with trigger sounds (for example, seeing someone chewing) (Edelstein et al., 2013; Schröder et al., 2013; Jastreboff and Jastreboff, 2014; Wu et al., 2014; Dozier, 2015; Taylor, 2017; Jager et al., 2020), there are examples of non-mouth visual triggers (for example, leg jiggling and hair twirling) (Jastreboff and Jastreboff, 2001). The source of the trigger also varies with some people being triggered by a person, or people, and others triggered by inanimate sounds (for example, clock ticking, machine noises etc.) (Edelstein et al., 2013). For those who are triggered by a person, some can name specific people while others report being triggered by anyone.

Misophonia is currently an unclassified condition, and there has been an ongoing debate regarding diagnostic criteria and definitions for misophonia (Schröder et al., 2013; Dozier et al., 2017; Taylor, 2017; Jager et al., 2020; Swedo et al., 2022). Indeed, since our study was designed and conducted, a recent consensus statement has been published stating that the predominant triggers for misophonia are auditory, and that there are different dimensions to misophonia including both emotional and physical responses to triggers. However, while many of us find some noises annoying, as yet it is unclear the extent to which this experience differs from those who reportedly have a stronger response, i.e., those with misophonia. A few studies have shown that people recruited from the general population can be classified as having weak or strong responses (for example, Wu et al., 2014; McKay et al., 2018). Both these studies show that responses to auditory sensitivities are also experienced in those who do not have or who are not aware they have misophonia. Both studies also carried out comparison analysis by splitting their group according to a proposed cut off (a score of 7 of the Misophonia Questionnaire (MQ; Wu et al., 2014) and showed significant differences in these groups. For example, the McKay et al. study showed that the group mean for auditory sensitivities for those scoring under 7 (i.e., those who probably don’t have misophonia) was 3.37 and the mean for those scoring over 7 (those the authors suggest may have misophonia) was 8.41, indicating that, if the second group does indeed have misophonia, there is a clear difference in the response to stimuli. This study also reported a significant difference between the “presence of symptoms” subscale (15.42 for those scoring above the cut off and 10.11 for those scoring below) and the “emotions and behaviors” subscale (17.49 for those above the cut off and 9.84 for those below the cut off), again showing a potential difference should the first group have misophonia. The higher mean of the emotions and behavior subscale suggest these domains are more of a concern for those who have a response to triggers. Further research is needed to determine the extent of any differences between those that feel they have misophonia and those who don’t as we lack clear understanding of the extent of the emotional and physiological responses between these two groups. This knowledge will help to clarify the experience of misophonia for the individual.

Understanding more about the response to triggers includes understanding the dominant emotions associated with the condition. The literature shows some conflicting evidence in this regard. Anger, disgust, and anxiety have all been previously reported as important in misophonia, and anxiety-related disorders have been evidenced in several studies. Anxiety was reported in two qualitative studies which recruited misophonia-specific samples (Edelstein et al., 2013; Dozier and Morrison, 2017) and was reported to be associated with the trigger in a cross-sectional survey (Rouw and Erfanian, 2018). In addition, studies which recruited participants from the general population found anxiety to be associated with misophonia (Cusack et al., 2018) and anxiety to be a mediator of the relationship between misophonia and anger (Wu et al., 2014). One study compared anxiety in those who reported higher (versus lower) scores on the Sound Sensitivity subscale (of the MQ; Wu et al., 2014) and found anxiety levels to be significantly greater in those who scored higher for misophonia (McKay et al., 2018). However, some studies, while reporting anxiety, found it was not the main emotion experienced (Schröder et al., 2013). Jager et al. (2020) also reported that anxiety was not the primary response in their study where only 1% of the people with misophonia reported anxiety. These studies show that anxiety is present in people with misophonia, however the lack of consistency in studies that assessed anxiety as either a precursor to misophonia or a consequence means that the evidence base is not clear.

Anger has also been reported in both qualitative and quantitative studies of misophonia (Edelstein et al., 2013; Schröder et al., 2013; Wu et al., 2014; McKay et al., 2018; Rouw and Erfanian, 2018; Jager et al., 2020) and has been shown to be experienced to a larger degree in those who score higher in comparison to those who score lower on the Sound Sensitivity subscale of the MQ (McKay et al., 2018). This suggests there is more consistent evidence for the role of anger in the experience of misophonia. Disgust is another emotion reported by some studies to be associated with misophonia (Edelstein et al., 2013; Schröder et al., 2013; Rouw and Erfanian, 2018); however, one study found that disgust was not associated with misophonia (Jager et al., 2020). Further research is therefore needed to examine this lack of clarity around the emotions that are important in the experience of misophonia, to contribute to our understanding of misophonia and to inform treatment options.

Studies assessing the impact of misophonia are few. One large quantitative study indicated the negative impact of misophonia on quality of life, which was assessed using various measures including the WHOQOLBref, the Manchester Short Assessment Quality of life questionnaire, and the Sheehan Disability scale (Sheehan, 1983; WHOQOL Group, 1998; Priebe et al., 1999; Jager et al., 2020). Other quantitative studies that used the Sheehan Disability Scale (Sheehan, 1983) have also found misophonia severity to correlate significantly and positively with disability in work/school, social and family domains (Wu et al., 2014; Zhou et al., 2017). However, qualitative evidence has shown contradictory reports, where some participants report a large impact and others no impact at all (Edelstein et al., 2013). Research exploring self-reported quality of life in people with misophonia, using a validated and widely used scale such as the Medical Outcomes Study SF-36 (Ware and Sherbourne, 1992), to enable comparison to those with other long-term conditions and those without, will further our understanding of how misophonia impacts life.

This study therefore aimed to help address the current lack of clarity surrounding the role of different negative emotions in misophonia, and to provide insight about the impact of misophonia on quality of life. Specifically, we examined the role of anger, disgust and anxiety in the experience of misophonia, the quality of life of those with self-reported misophonia in comparison to those without misophonia, and the association of misophonia and quality of life over time.



Materials and methods


Design

A longitudinal design was used. Survey data were collected online from two samples (those with self-reported misophonia and those without) at two time points, approximately 6 months apart.1 Data collection occurred from July–October 2020 (baseline) and January–May 2021 (follow-up). This prospective design allowed measurement of predictor variables at baseline and the outcome variables at follow-up. This design enabled us to answer the main questions examining which factors are associated with the experience of misophonia, how the experiences of people with self-reported misophonia differ from those without, and how quality of life is affected for those with misophonia.



Participants

Participants with and without self-reported misophonia were recruited to complete the same online survey. To enable recruitment of participants likely to have misophonia, an email advertisement was shared through the Misophonia Institute, United States. Although based in the United States, the Institute is associated with over 5,000 people worldwide, most of whom have self-diagnosed misophonia. To enable recruitment of people without misophonia, the study was also advertised to the general public using social media and snowball sampling. GPower analysis (Faul et al., 2007) confirmed a sample of 114 was needed for each group to achieve a power of > 0.8; however, to account for attrition rates, common in longitudinal research (Boys et al., 2003; Gustavson et al., 2012), we aimed for 400 participants per group at baseline.



Measures


Demographics

At baseline, participants were asked to provide their age, gender, and ethnicity (all optional). They were also asked to “Please indicate below if you have any of the following conditions,” with the response options being Yes, No, and Prefer not to say. The conditions were presented to participants as follows:


1.Tinnitus (ringing in the ears)

2.Misophonia (sensitivity to sensory stimuli)

3.Any other sensory conditions (e.g., hyperacusis, sensory processing disorder, or other sensory disorder)

4.Vertigo (dizziness)

5.Anxiety

6.Depression

7.Any other conditions (please specify).



Self-reported responses to the misophonia item in this list were used to classify participants into two groups for analysis; those who responded yes were classified as having misophonia (hereafter referred to as the “misophonia group”) and those who responded no were classified as not having misophonia (hereafter referred to as the “general population group”). Any participants who responded Prefer not to say for this item were excluded from the final analysis, as they could not be classified into either of the two groups. Although there are limitations with asking people to self-identify as to whether they have misophonia or not, given the lack of agreed international diagnostic criteria at the time of our study and the fact that misophonia is not currently a classified condition, we considered this approach to be appropriate for the current study.

At follow-up we asked participants to state their country of residence to indicate geographic spread of the sample. We had omitted this at baseline but included at follow-up as we were collecting data from an international sample.



Misophonia triggers

At baseline, those participants who reported they had misophonia were asked an additional question: “Please indicate below which types of stimuli you experience as misophonia triggers (select all that apply).” At the time this study was designed, there was no consensus as to which stimuli are characteristic of misophonia; for this reason we decided not to restrict the response to just visual or auditory triggers so response options included: Sounds, Sights, Touch, Smells, Taste, Other (please specify).

At follow-up, participants were asked to provide additional information about the sensory domains in which they are triggered; participants were asked to indicate from a pre-specified list which specific types of sound, sight, smell or touch triggered them. Participants were also asked to indicate who, from a pre-specified list, they were triggered by (e.g., parent, grandparent, and romantic partner). The items included in these lists were informed by unpublished data collected from people with self-reported misophonia during a previous study (Dibb et al., 2021).



Workplace characteristics

Three items exploring participants’ work situation were also included in the baseline questions. Participants were asked about the environment in which they carry out their core day-to-day activities, i.e., where they spend “most of their time” (including work or studies outside the home and housework). First, participants were asked to select what their current usual working environment is from a list of 15 response options, including a range of office-based options, other indoor settings such as retail, health/social care, education, and outdoor settings. The second question asked participants to indicate how many people usually share their usual working environment (None – I usually work on my own, 1–5, 6–10, 11–20, 21–50, 50+). The final work-related question asked participants to rate the usual noise level in their usual working environment [with a 7-point Likert scale ranging from 1 (very little noise) to 7 (very noisy)].



Primary outcome variables – misophonic response and quality of life

The response to sensory stimuli (i.e., the misophonic response) was measured using the Misophonia Response Scale (MRS) (Dibb et al., 2021) which consists of 22 items, 19 of which form three subscales [emotional response (seven items), physiological response (seven items), and perceived participation in life (five items)]. The additional three items measure the frequency of a response to a trigger, the degree of avoidance of triggering situations and the perceived time it takes to recover from a response. The MRS is not intended to be used as a diagnostic tool, but it can be used to measure the extent of individuals’ responses to sensory stimuli. For this study, the scale was amended so that the word “misophonia” was omitted; instead items asked about “response to stimuli” to ensure that it made sense to both those with self-reported misophonia and those without. All items were rated on a 7-point scale. A total score and a weighted score can also be calculated. Internal consistency for all three MRS subscales was good at both baseline and follow-up, ranging from 0.77 to 0.96 (Table 1).


TABLE 1    Cronbach’s alpha for whole sample and by group at baseline and follow-up.
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Quality of life was measured with the Medical Outcomes Study SF-36 health survey (Ware and Sherbourne, 1992), sourced from RAND Corporation.2 This is a 36-item multidimensional quality of life questionnaire which measures health on eight dimensions (physical functioning, role limitations due to physical health, role limitations due to emotional problems, energy/fatigue, emotional wellbeing, social functioning, pain, and general health). This validated questionnaire has been used widely and developed to be used across many different conditions for the purpose of comparison (Bowling, 2005). It has been used in physical (e.g., Scharloo et al., 2007), neurological (e.g., Baca et al., 2015), and mental health conditions (e.g., Friedman et al., 2005). It was chosen specifically because it is so widely used, which enables us to show the impact of misophonia on quality of life in comparison to quality of life in other conditions reported in the literature. Internal consistency for all eight SF-36 subscales was good at both baseline and follow-up, ranging from 0.76 to 0.91 (Table 1).



Predictor variables – psychosocial constructs

Three scales measuring negative emotions (anger, disgust, and anxiety) were included to determine the association of these emotions with the experience of misophonia and to determine differences between people with self-reported misophonia and those without. Anger was measured with the 6-item Brief Anger and Aggression Questionnaire (Maiuro et al., 1987), with all items measured on a 5-point Likert scale (extremely unlikely to very likely). Disgust was measured with the 6-item Propensity subscale of the revised Disgust Propensity and Sensitivity scale (Fergus and Valentiner, 2009), with all items measured on a 5-point Likert scale (never to always). Anxiety was measured with the 6-item State Trait Anxiety Inventory (Marteau and Bekker, 2020), rated on a 4-point scale (not at all to very much). Higher total scores on each scale indicate greater levels of anger, disgust, or anxiety.

Depressive symptoms [which show a strong association with quality of life (Patrick et al., 2000; Schram et al., 2009; Kim et al., 2018) and misophonia (McKay et al., 2018; Quek et al., 2018; Alekri and Al Saif, 2019)] and self-esteem (which shows a strong association with quality of life; Porter and Boothroyd, 2015; Teoh et al., 2015; Huang et al., 2018) were also measured to account for their effects. Depression was measured with the CES-D-10 scale (Radloff, 1977; Andresen et al., 1994) with consists of 10 items all rated on a 4-point scale (rarely or none of the time to all of the time). A high score indicates more depressive symptoms. Self-esteem was measured using Rosenberg’s Self-Esteem Scale (Rosenberg, 1965), which consists of 10 items all rated on a 4-point scale (strongly agree to strongly disagree). The scale was scored so that a high score indicates high self-esteem.

Hereafter, these five variables (anger, disgust, anxiety, self-esteem, and depression) are collectively referred to as the psychosocial variables. Internal consistency for these psychosocial variables was good at both baseline and follow-up, ranging from 0.69 to 0.93 (Table 1).




Procedure

After ethical approval was received from the University of Surrey Ethics Committee, the Misophonia Institute, United States, advertised the online study via their social media channels and via email to those associated with the Institute at the time. The advert was also shared more widely on social media by both authors and additional participants were recruited through snowball sampling. Informed consent to participate was gained at the time of completing the online survey. At baseline, participants first completed measures of demographical information (age, gender, ethnicity, co-morbid conditions, and work environment), then completed the measures of quality of life, anxiety, depression, anger, disgust, self-esteem, and finally responses to sensory stimuli. Participants were also asked to provide their email address if they were willing to be contacted 6 months later with the follow-up questionnaire; those who agreed were emailed a link to the follow-up questionnaire (which consisted of the same predictor and outcome variable measures as at baseline but also included the question on country of residence).



Analysis

Descriptive statistics were used to determine the sample characteristics. Independent t-tests were used to examine differences between the two groups (those with and without self-reported misophonia), at both baseline and follow-up, with regard to the response to sensory stimuli (MRS scores), levels of anger, disgust, anxiety, self-esteem, depression, and perceptions of quality of life. Paired-samples t-tests were used to examine any changes in these variables within-participants over time.3 As multiple inferential tests were performed on the same outcome variables, the p-values for determining statistical significance were adjusted using the Bonferroni correction (p = 0.05/number of tests) (Tabachnick and Fidell, 2007). For the SF-36 and MRS outcomes the adjusted p = 0.0167 (0.05/3), and for the psychosocial outcomes the adjusted p = 0.025 (0.05/2).

Hierarchical multiple regressions were conducted to explore predictors of the misophonic response and of quality of life in people with self-reported misophonia, both cross-sectionally and longitudinally. To achieve more clarity on how anger, disgust, and anxiety relate to the misophonic response, they were entered in a separate block to depression (McKay et al., 2018; Quek et al., 2018; Alekri and Al Saif, 2019), as we wanted to be able to account for the effects of anger, disgust and anxiety without the influence of depression (which has been shown to have a strong association with misophonia). To achieve this, predictor variables were entered as follows: (block one) age, (block two) anger, disgust, anxiety, and (block three) depression. Eight regressions were conducted to predict eight misophonic outcomes: frequency, recovery, avoidance, emotional responses, physiological responses, participation in life, severity MRS scores, and weighted MRS scores. To predict perceived quality of life, predictor variables were entered as follows: (block one) age, (block two) MRS scores for frequency, recovery, avoidance, emotional responses, physiological responses, and participation, and (block three) anxiety, self-esteem, and depression. Eight regressions were conducted to predict each of the eight SF-36 sub-scales: physical functioning, role limitations due to physical health, role limitations due to emotional problems, energy/fatigue, emotional wellbeing, social functioning, pain, and general health. All models were bootstrapped.4 For brevity of reporting, only summary statistics are reported for the regression models; full details of the regression models are available in the Appendix.




Results


Participant demographics

The baseline survey was started 1,433 times, but 439 responses were deleted during data screening for the following reasons: aged under 18 (n = 6), answered prefer not to say to misophonia grouping question (n = 3), likely a duplicate response based on emails provided for follow-up (n = 6), did not progress beyond demographics (n = 266) or complete all measures (n = 158). This left a total of 994 participants (77.3% female) who completed the survey at baseline. Participants were aged 18–91 years (mean (m) = 47.23, standard deviation (SD) = 14.54), and most (90.9%) reported their ethnicity as White. Of these 994 participants, 491 stated they did have misophonia (the misophonia group) and 503 stated they did not have misophonia (the general population group). For full demographic details see Table 2.


TABLE 2    Participants’ demographic characteristics.
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An independent t-test was conducted to examine group differences at baseline in age, and Pearson’s chi-square tests were conducted to examine group differences in gender, ethnicity, and having other health conditions. Except for ethnicity, there were statistically significant differences across all demographic variables at baseline between the two groups. The misophonia group were on average younger than the general population group [misophonia age range = 18–80, m = 44.32, SD = 14.54; general population age range = 18–91, m = 50.06, SD = 13.99; t(988.17) = 6.35, p < 0.001, d = 0.40]. A greater proportion of the misophonia group were female compared with the general population group. For each of the health conditions assessed, participants in the self-reported misophonia group were more likely to report having that health condition than those in the general population group (Table 2).

From the 994 useable baseline responses, 958 participants provided an email at baseline and were invited 6 months later to complete the follow-up survey, which was accessed 246 times. At follow-up, 24 responses were deleted during data screening for the following reasons: aged under 18 (n = 3), likely a duplicate response based on emails provided for follow-up (n = 6), did not complete all measures (n = 11), response could not be matched to baseline as email check provided at follow-up did not match (n = 4). Therefore, a total of 222 people participated at follow-up (misophonia, n = 127; general population n = 95; follow-up rate of 22.33%). Of these 222 participants, 76.1% were female, 92.3% were White, and their age range was 18–80 (m = 49.02, SD = 15.07). There were no statistically significant differences in ethnicity and age at follow-up, although the misophonia group were on average younger than the general population group [misophonia age range = 18–75, m = 47.36, SD = 15.04; general population age range = 18–80, m = 51.24, SD = 14.90; t(220) = 1.91, p = 0.058, d = 0.26]. There were, however, statistically significant differences in gender and health conditions between the two groups at follow-up (Table 2). At follow-up, 221 participants provided their country of residence; most resided in the United States (n = 108) and United Kingdom (n = 69), followed by Australia (n = 11), Canada (n = 10), and New Zealand (n = 8), with remaining participants residing in 15 other countries (n = 1 each).5



Misophonia triggers

At baseline, participants who stated they did have misophonia were presented with an additional question to assess which type of stimuli they experienced as misophonic triggers (Table 3). Sounds were experienced as triggers by all but one participant, and sights were experienced as triggers by 63%. Touch and smells were experienced by around one-quarter of participants, and only a small number of participants reported experiencing taste or other stimuli as triggers.


TABLE 3    Number of people with misophonia who report experiencing specific characteristics of triggers or being triggered by particular people.
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At follow-up, participants with self-reported misophonia were asked to provide more specific information about the types of triggers they experienced, as well as indicating who they experienced being a “trigger person” (Table 3). All but one person with misophonia reported being triggered by sounds and it is evident from participants’ responses that people experience auditory triggers across a variety of different sounds; triggers are clearly not restricted to only one or two types of sound. Common auditory triggers included various types of sounds related to the human body, as well as animal-related sounds and mechanical or digital sounds. Experiencing visual triggers was also reported by most participants; only 15.7% reported that they did not experience any visual triggers. The most common triggering sight was mouth-related movement (65.4%). The proportion of people who reported being triggered by specific types of smell or touch was lower than for specific types of sounds or sights. Nonetheless, at follow-up, 27.0% reported being triggered by smells and 27.8% reported being triggered by touch. In terms of who they experienced as being the source of triggers, people with self-reported misophonia most commonly reported being triggered by anyone (70.1%), romantic partners (62.2%), strangers (61.4%) and parents (59.8%). Only two participants (1.6%) reported not being triggered by people.



Workplace characteristics

Across the whole sample, and by group, most participants described their current usual working environment during the baseline survey as being at home, followed by being office-based (Table 4). After homes and offices, the next most common workplaces among participants were educational and healthcare settings. Most participants also reported that they usually worked alone or with between 1 and 5 other people usually present in their workplace. There were no statistically significant differences between the two groups in terms of the number of people usually present in their workplace [χ2(5) = 5.40, p = 0.37].


TABLE 4    Participants’ workplace characteristics.
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Across the whole sample, perceptions of the usual noise level in participants’ working environment were considered just below moderate, i.e., just below the mid-point on the 7-point response scale (m = 3.07, SD = 1.72). There were, however, significant differences between the two groups, with those in the misophonia group perceiving their working environment as noisier, compared to the general population group [misophonia m = 3.53, SD = 1.78; general population m = 2.61, SD = 1.53; t(959.27) = 8.75, p < 0.001, d = 0.56]. Among the whole sample, participants’ perceptions about the usual noise level in their working environment was significantly positively correlated with the number of people with whom they usually share their working environment (r = 0.53, p < 0.001). The same pattern was seen in the misophonia group (n = 489, r = 0.49, p < 0.001) and the general population group (n = 499, r = 0.58, p < 0.001). Across all participants, those who usually shared their working environment with a greater number of people on average perceived their working environment to be noisier.



Misophonic responses: Differences between and within participants

Descriptive statistics for MRS scores at baseline and follow-up for those with and without self-reported misophonia are reported in Tables 5–7. Bivariate correlations between the MRS, the psychosocial variables, and quality of life at baseline for those with self-reported misophonia are presented in Table 8. All correlations show an association in the expected direction where a higher misophonia score is associated with more anger, anxiety, disgust and depression, but reduce quality of life and self-esteem. The correlations are significant for all but two of the variables: avoidance does not correlate significantly with anxiety, self-esteem and general health, and the emotional response to triggers does not correlate significantly with physical functioning, physical role limitations, pain, and general health.


TABLE 5    Descriptive statistics and between-group tests of difference for misophonic responses, psychosocial variables, and quality of life at baseline.
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TABLE 6    Descriptive statistics and between-group tests of difference for misophonic responses, psychosocial variables, and quality of life at follow-up.
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TABLE 7    Within-participant tests of difference over time for misophonic responses, psychosocial variables, and quality of life.
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TABLE 8    Correlation coefficients between misophonic responses, psychosocial variables, and quality of life for misophonia group at baseline.
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Differences between groups at baseline

At baseline, compared to those in the general population, people with self-reported misophonia experienced triggers more frequently, took longer to recover from triggers, and reported avoiding situations/environments to a greater extent in order to avoid triggers (all p < 0.001; Table 5). Those with misophonia also reported greater emotional and physiological responses to triggers than those in the general population, as well as a greater impact of triggers on their participation in everyday life (all p < 0.001; Table 5). The differences between these two groups on MRS scores were all represented by large effect sizes (d range = 1.18–2.95; Table 5). Even though misophonia is a condition which is yet to be formally recognized, these results show a clear difference between those who experience an extreme response to a trigger and those who do not.



Differences between groups at follow-up

Statistically significant differences were also seen in MRS scores at follow-up between the misophonia and general population groups; these differences were again represented by large effect sizes (all p < 0.001; Table 6). As at baseline, people with self-reported misophonia experienced triggers more frequently, took longer to recover from triggers, and reported avoiding situations/environments to a greater extent in order to avoid triggers. They also reported greater emotional and physiological responses to triggers and a greater impact of triggers on their participation in everyday life.



Within-participant differences over time

For four elements of the MRS (recovery, avoidance, physiological responses, participation) there were no statistically significant differences over time amongst the misophonia group (Table 7). There were, however, statistically significant differences on two elements of the MRS for those with self-reported misophonia; at follow-up, people with misophonia reported reduced frequency of triggers (p = 0.006) and reductions in the extent to which they experienced emotional responses (p < 0.001). There were also significant differences over time for severity and weighted scores of the MRS in those with misophonia (p = 0.001); these composite scores improved, presumably as a result of the reductions in frequency of triggers and the strength of emotional responses. There were no statistically significant differences over time amongst the general population group on the MRS (Table 7).




Psychosocial variables: Differences between and within participants

Descriptive statistics for anger, disgust, anxiety, self-esteem, and depression at baseline and follow-up for those with and without self-reported misophonia are reported in Tables 5–7.


Differences between groups at baseline

At baseline, levels of anger, disgust, anxiety, and depression were all higher in those with self-reported misophonia, while self-esteem was lower in those with misophonia; these differences were all represented by large effect sizes (all p < 0.001; Table 5).



Differences between groups at follow-up

The same pattern as at baseline is present at follow-up, with levels of anger, disgust, anxiety, and depression all higher in those with self-reported misophonia, and self-esteem lower in those with misophonia (all p < 0.001; Table 6). At follow-up, differences in self-esteem and anxiety between those with and without misophonia were represented by medium effect sizes, while differences in anger, disgust, and depression were represented by large effect sizes (Table 6).



Within-participant differences over time

Longitudinally, there were no differences in anger, disgust, anxiety or depression in the misophonia group (Table 7). There was, however, a statistically significant increase in self-esteem at follow-up compared to baseline in those with self-reported misophonia [t(126) = 2.53, p = 0.013; d = 0.22]. In the general population group, there were no statistically significant differences in anger, disgust, anxiety, or depression over time. There was, however, a statistically significant decrease in self-esteem over time amongst those in the general population [t(94) = 2.65, p = 0.009; d = 0.27].




Quality of life: Differences between and within participants

Descriptive statistics for quality of life at baseline and follow-up for those with and without self-reported misophonia are reported in Tables 5–7.


Differences between groups at baseline

At baseline, quality of life was lower in those with self-reported misophonia compared to the general population across all eight SF-36 subscales (physical functioning p = 0.004, all other p < 0.001; Table 5). The effect sizes for these differences were very small for physical functioning, small for physical health role limitations, pain, and general health, medium for role limitations due to emotional problems and energy/fatigue, and large for emotional wellbeing and social functioning. This shows that quality of life for people with misophonia is worse than for those without misophonia especially for the role limitations due to emotional problems, emotional well-being, energy/fatigue, and social functioning, which highlights the emotional impact of the condition and the impact on social interactions.



Differences between groups at follow-up

At follow-up, quality of life was again lower in those with self-reported misophonia compared to the general population across all subscales, but these differences were only statistically significant for four subscales; the data show greater differences in role limitations due to emotional problems, energy/fatigue, emotional wellbeing, and social functioning, with differences represented by medium effect sizes (Table 6). In line with the baseline data, quality of life at follow-up was lower for those with misophonia than those without.



Within-participant differences over time

Examining the longitudinal data for those in the misophonia group, there were no statistically significant differences in quality of life on any of the eight SF-36 sub-scales between baseline and follow-up. For those in the general population group, there were statistically significant decreases in quality of life on two SF-36 sub-scales: energy/fatigue [t(94) = 2.48, p = 0.015, d = 0.25)] and emotional wellbeing [t(94) = 2.89, p = 0.005, d = 0.30)]. For the other six sub-scales there were no statistically significant differences in quality of life for those in the general population (Table 7).



Comparing quality of life in misophonia to other conditions

To further examine how living with misophonia compares to living with other conditions, the SF-36 scores for people with self-reported misophonia in the current study are shown in Table 9, alongside the SF-36 scores of people in the general population (current study), people with long-term conditions (Bowling et al., 1999), obsessive compulsive disorder (OCD) (Rodriguez-Salgado et al., 2006) and tinnitus (Ross et al., 2007). People with misophonia score low on role limitations due to emotional problems, fatigue/vitality, emotional wellbeing, and social functioning in comparison to general population samples. People with misophonia score higher than people with OCD, but lower than people with tinnitus and other long-term conditions, on role limitations due to emotional problems, energy/fatigue and social functioning.


TABLE 9    Quality of life total means (and standard deviations) of people with misophonia, general population, tinnitus, obsessive compulsive disorder (OCD) and long-term conditions.
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Predicting misophonic response at baseline and follow-up – misophonia group only

The regression analyses which examined the underlying emotions associated with misophonia (cross-sectionally and longitudinally) are presented in Table 10. Age was associated with some aspects of the misophonic response; those of a younger age experienced a stronger emotional and physiological response. Although depression and anxiety were significant predictors of some aspects of misophonic responses cross-sectionally (i.e., at baseline, with effects of anxiety generally disappearing after depression was added to the models), when predicting misophonic responses longitudinally, both depression and anxiety did not emerge as significant predictors of any of the misophonic response variables. In other words, depression and anxiety do not predict experiences of misophonia over time.


TABLE 10    Summary of hierarchical regression models for predicting misophonic response cross-sectionally (at baseline) and longitudinally (at follow-up) in misophonia group.
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Anger and disgust did, however, emerge as significant predictors of several aspects of misophonic response, both cross-sectionally and longitudinally, even after controlling for depression. Higher levels of anger at baseline predicted taking a longer time to recover from triggers and a stronger physiological response at follow-up. Stronger feelings of disgust at baseline predicted a stronger emotional response to the trigger and more perceived impact on participation in life at follow-up. Stronger feelings of anger and disgust at baseline were both predictive of the summary MRS scores (both severity and weighted scores) at follow-up. No significant variables emerged for predicting frequency of triggers at follow-up and while anger did emerge as a significant predictor for avoidance at follow-up, the overall model was not significant.



Predicting quality of life at baseline and follow-up – misophonia group only

The regression analyses, which examine the association of misophonic responses with quality of life (cross-sectionally and longitudinally), are presented in Table 11. Cross-sectionally, some aspects of the misophonic response were predictive of all eight quality of life domains, but once the psychosocial variables were included in the model some of these effects disappeared, and misophonia was only predictive across five domains: physical functioning, role limitations due to physical health, social functioning, pain, and general health. Lower scores on the Physical Functioning domain at baseline, showing worse physical functioning, was predicted by older age, more frequent misophonic responses, more avoidance of triggers, a stronger physiological response to the trigger, and more depressive symptoms. Greater role limitations due to physical health at baseline were predicted by older age, longer recovery after a misophonic response, a reduced emotional response to a trigger, and more depressive symptoms. Worse social functioning at baseline was predicted by more frequent responses to triggers, a greater physiological response to the trigger, greater perceived impact on participation in life, and more depressive symptoms. Higher pain levels at baseline were predicted by a higher frequency of response to triggers, a reduced emotional response, an increased physiological response, and more depressive symptoms. Reduced general health at baseline was predicted by a reduced emotional response to triggers, higher self-esteem, and greater depressive symptoms. While all the MRS misophonia items and subscales were predictive of quality of life cross-sectionally, the frequency of the trigger, the emotional response and the physiological response were predictive of three of the quality of life domains, suggesting a wider impact of these aspects of misophonia.


TABLE 11    Summary of hierarchical regression models for predicting quality of life cross-sectionally (at baseline) and longitudinally (at follow-up) in misophonia group.
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The longitudinal regression results provide a clearer understanding of the effects of misophonia on quality of life over time. In the baseline analyses, depression was predictive of quality of life across all eight domains; however, at follow-up depression predicted quality of life for only five domains (all but physical functioning, pain and general health). The misophonic response variables were predictive of quality of life over time but for only two domains (role limitations due to emotional problems and pain). Less avoidance of triggers, a greater emotional response to the trigger, a greater perception of impact on participation in life, and higher depression at baseline were associated with more role limitations due to emotional problems at follow-up. Greater pain at follow-up was predicted by greater perceived impact on participation in life at baseline. Finally, a greater emotional response at baseline was associated with increased fatigue at follow-up; however, this relationship was only evident at block 2, and disappeared in block 3 (with depression again being the significant psychosocial predictor).




Discussion

This paper presents the results of a large-scale, longitudinal, online survey that examined the role of negative emotions in the experience of misophonia, compared the quality of life in people with and without self-reported misophonia, and examined the impact of misophonia on quality of life over time. Our results expand our understanding of the characteristics of misophonia and of the quality of life for a person with misophonia, and it is clear that people with self-reported misophonia experience different responses to triggers compared to people in the general population.

Regarding the type of triggers that bring about a misophonic response, our study suggests that while triggers are predominantly auditory and visual, other sensory triggers may also be experienced. In our sample, around a quarter of those with self-reported misophonia also reported tactile and olfactory triggers (26.7 and 24.7% respectively), with a smaller proportion also reporting taste and ‘other’ sensory triggers. These results give weight to other studies that have suggested triggers may be of any sensory stimuli and not limited to only auditory or visual stimuli (Dozier, 2015; Dozier et al., 2017; Zhou et al., 2017; Brout et al., 2018; Jager et al., 2020; Swedo et al., 2022). These results broaden our understanding of misophonic triggers, but further research is needed to ensure that being triggered by other sensory stimuli does not, in fact, indicate the presence of a different or comorbid condition.

People with self-reported misophonia perceived their working environment to be noisier than those without misophonia, despite there being no reported difference in work environments in terms of situation (at home) and number of people in the working environment. Little research has been conducted in the work domain in relation to misophonia, but in support of our results a study with undergraduate students showed a significant positive correlation between misophonia scores and impairment at work/school (Wu et al., 2014).

Finally, our sample reported no change in misophonic scores over time, which contradicts findings from other studies where participants have reported perceived changes over time (Bernstein et al., 2013; Edelstein et al., 2013; Kluckow et al., 2014; Rouw and Erfanian, 2018). However, this may be due to differences in measurement as some studies ask participants about their perceptions of change, whereas in this study we did not ask about perceived change, but instead measured the misophonic response at two different time points.


Negative emotions and misophonia

One of the aims this research was to determine the association of anger, disgust and anxiety with misophonia. In our study, people with self-reported misophonia experienced greater negative emotions than those in the general population with scores on anger, disgust and anxiety significantly higher than in those without misophonia (the general population). In addition, depressive symptoms were higher, and self-esteem was lower, in those with misophonia than in the general population. These differences in psychosocial variables supports research from other conditions where a similar pattern is evident (for example, Brueggemann et al., 2022).

Previous literature has shown inconsistent results about potential relationships between anger, disgust, and anxiety with misophonia (Schröder et al., 2013; McKay et al., 2018; Jager et al., 2020). In our study, both anger and disgust were significantly and positively associated with the two summary misophonia scores (weighted and unweighted) over time. Assessing the individual elements of misophonia, disgust was significantly and positively associated with the emotional misophonic response and perceptions of participation in life, with stronger feelings of disgust at baseline predicting a stronger misophonic response over time. Our results therefore support studies showing disgust is associated with misophonia (Edelstein et al., 2013; Schröder et al., 2013; Rouw and Erfanian, 2018) but contradict other research showing disgust is not associated with misophonia (Jager et al., 2020). Similarly, the stronger the feelings of anger, the longer the recovery time after the misophonic response and the stronger the physiological response to the trigger. This supports both qualitative and quantitative studies that have reported anger in people with misophonia (Edelstein et al., 2013; Schröder et al., 2013; Wu et al., 2014; McKay et al., 2018; Rouw and Erfanian, 2018; Jager et al., 2020).

Taken together, our longitudinal results indicate that disgust is associated with more of an emotional response while anger is associated with more of a physiological response, which supports previous cross-sectional findings (Edelstein et al., 2013; Schröder et al., 2013; Wu et al., 2014; McKay et al., 2018; Rouw and Erfanian, 2018). That anger and disgust were associated with different aspects of the misophonic response may explain previous contradictory findings regarding which of these two emotions is important. It seems possible that a measure of misophonia which includes more emotional items may show disgust to be the stronger emotion, while those which include the physiological responses may show anger as the dominant emotion.

Anxiety has also been proposed as an important aspect of misophonia, although again the literature is contradictory (Schröder et al., 2013; Taylor, 2017; McKay et al., 2018). Our results support those studies that propose anxiety is not the primary emotion (Taylor, 2017; Jager et al., 2020) as anxiety did not emerge as a significant predictor of misophonic responses. Anxiety was only significantly predictive of one aspect of misophonia, avoidance of the trigger, but this relationship lost significance once depression was included. Overall, our results indicate the importance of anger and disgust over anxiety in relation to the misophonic response.



Quality of life and misophonia

Another of our aims was to determine perceptions of quality of life in those with self-reported misophonia. Using the RAND Corporation version of the SF-36 (Ware and Sherbourne, 1992) to measure quality of life, which has been widely used across many different physical and mental health conditions, allowed comparison of quality of life in those with self-reported misophonia in our sample to quality of life reported in different groups in other studies. Relative to the general population in our sample, there were significantly lower ratings on all domains of quality of life for our participants with self-reported misophonia. In addition, compared to those with long-term conditions (Bowling et al., 1999), our misophonia group scored lower on the ability to carry out their role due to emotional problems, lower emotional wellbeing, lower social functioning and greater fatigue levels. The quality of life scores for those with misophonia were higher than people with OCD (Rodriguez-Salgado et al., 2006) but were lower than those with tinnitus (Ross et al., 2007) for energy, social functioning and role limitations due to emotional problems. This shows that relative to those with other conditions (Rodriguez-Salgado et al., 2006; Ross et al., 2007) and those without misophonia (Bowling et al., 1999; Rodriguez-Salgado et al., 2006) the misophonic experience interrupts the individual’s abilities to perform their role or task and engage in their social life. The impact on social functioning is likely due to the role that others play in triggering the individual with misophonia, however, further research would be able to explore this. These results also make it clear that, while misophonia is not yet recognized, it is nonetheless impacting quality of life. The two lowest scoring domains (role limitations due to emotional problems and energy/fatigue) show where the main impact is for people with misophonia.

In addition, there were no significant changes over time in quality of life for people in our study with self-reported misophonia, whereas the pattern for the general population group in our study showed a decrease over time on two subscales (energy/fatigue and emotional wellbeing). This may be an effect of ‘lockdown’ as our data were collected during the first 18 months of the COVID-19 pandemic, however, as no measures were taken in relation to lockdowns we cannot say for certain.



Does misophonia predict quality of life over time?

With regard to understanding the role misophonia plays in perceiving quality of life, cross-sectionally, misophonia was associated with quality of life, however, many of these associations weakened or ceased to be significant once anxiety, self-esteem and depression were included. Longitudinally, misophonic responses were predictive of quality of life, but only on two of the domains. Greater role limitations due to emotional problems were predicted by greater avoidance of triggers, a stronger emotional response to the trigger, and perceptions of more impact on participation in life. Greater pain was predicted by a greater perception of impact on participation in life. These relationships remained significant even after depression was included. A third domain of quality of life was also predicted by misophonia, with a stronger emotional response to triggers predicting greater fatigue; however, this relationship ceased to be significant once depression was entered, again showing the strong effects of depression on quality of life. These results partially support qualitative reports where some participants reported great impact (and others less so) (Edelstein et al., 2013) and quantitative results showing “slightly lower quality of life” ratings for people with misophonia in a cross-sectional study (Jager et al., 2020, p. 8).

The importance of depression across all the quality of life domains cross-sectionally, and four domains longitudinally, shows the strong impact of depressive symptoms on quality of life. There was evidence of some mediation as some misophonic factors were no longer significant once depression was entered into the regression models. This supports many quality of life studies that have demonstrated the impact of depression on quality of life (for example, Friedman et al., 2005).

Despite the effects of depression, misophonia was important for all domains of quality of life, cross-sectionally. Longitudinally, emotional response to triggers, avoidance of triggers and perceived impact of participation, remained predictive of role limitations due to emotional problems, while perceived impact of participation was predictive of perceptions of pain. This demonstrates the potential long-term impact of some aspects of the experience of misophonia on perceptions of quality of life. In particular, our findings highlight that (at least for this sample) the emotional aspects of the misophonic response, as well as the need to avoid triggers and feeling like the ability to participate in life is reduced, appear to have a greater impact on quality of life than does the physiological aspect of the misophonic response, or the length of time taken to recover or the frequency of being triggered.



Limitations and future directions

The recruitment strategy is one limitation of this study. Participants were recruited online via social media and through the Misophonia Institute, United States, which means that people with misophonia who are not associated with this organization, or anyone who does not use social media, would not have been able to participate, meaning we cannot be certain that the results are relevant to all people with misophonia. A current limitation of many studies in this field relates to a lack of being able to receive a formal diagnosis of misophonia in most countries, which means we cannot be sure that all our participants actually had misophonia (as participants self-reported whether they considered themselves to have misophonia or not in response to a single-item question, rather than any formal diagnosis process as part of the study).

Another limitation lies in that while self-reported co-morbid conditions were recorded, these data were not included in the statistical analysis as assessing the incidence of co-morbid conditions alongside misophonia was beyond the scope of this study; these items were included to help descriptively assess the study sample at baseline only. Furthermore, we did not collect any data regarding participants’ psychological or psychiatric histories regarding previous and existing conditions and/or treatments. We therefore cannot rule out the possibility that some people who stated they had misophonia may in fact have been experiencing sensory triggers as a result of other co-morbid or undiagnosed psychiatric conditions. Indeed, one study recently identified that 26% of patients referred with a self-diagnosis of misophonia were deemed by psychiatrics to have a different primary condition (Jager et al., 2020). Future research should aim to recruit clinical samples, individuals with links to other misophonia organizations, and those who do not engage with social media.

Data were collected during the COVID-19 pandemic, which may have impacted exposure to triggers and quality of life for all participants, but as countries responded differently and at different times to the spread of the virus, it is difficult to know the effects of the pandemic and associated lockdowns on the data. Our sample was also predominantly female and future research should aim to recruit more men. Our longitudinal study was conducted over a period of 6 months, which is a strength; however, as is common with longitudinal studies we expected, and observed, a high attrition rate (Boys et al., 2003; Gustavson et al., 2012). Longitudinal research is important in order to understand the long-term effects of misophonia over a longer period, to explore how misophonia may change and progress over time. Finally, three work-related items were included in this research, yielding interesting results in terms of perceptions of noise levels at work. Future research into how the work environment influences work satisfaction would benefit those living with misophonia.




Conclusion

This research has shown that people with self-reported misophonia rate their quality of life as lower than those who have tinnitus and much lower than people without misophonia and without other long-term physical conditions. This shows how this condition does indeed impact on quality of life in a significant way. Anger and disgust were found to be the main negative emotions associated with misophonia, while anxiety was not associated with misophonia. The strong influence of depression with both cross-sectional and longitudinal analysis, suggests that treatment for misophonia could include strategies to tackle depression as part of the treatment. Misophonia was associated with perceptions of quality of life over time, in particular, the emotional response to the trigger and the perceived impact on participation in life were the main factors associated with the ability to carry out one’s role and the perception of pain. These results show the impact misophonia can have and highlight this condition as one that needs further research and support.
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Footnotes

     1
A subset of the data was published in Dibb et al. (2021).

     2
Medical Outcomes Study SF-36 available from RAND Corporation here: https://www.rand.org/health-care/surveys_tools/mos/36-item-short-form.html

     3
Distributions for some outcome variables were skewed (MRS scores in the general population and quality of life scores for both groups); given the large sample sizes achieved, parametric tests were performed and reported for tests of difference between groups at baseline and follow-up, and within-participants over time. As a sense check, non-parametric tests were also performed; patterns of statistical significance achieved (i.e., significant or not) were the same for all variables, with one exception; the significant difference observed in physical functioning on the SF-36 between groups at baseline using an independent t-test, was not statistically significant on the Mann–Whitney test (p = 0.13).

     4
Assumptions for independence of errors and multicollinearity were met for all models. Standardized residuals indicated a small percentage of cases (<1%) represented multivariate outliers in some models; values for leverage and Mahalanobis’ distance indicated these cases may exert some undue influence in the models. Overall, however, the assumptions for regression models were met; to increase the robustness of all estimates, models were bootstrapped.

     5
Belgium, Botswana, Brazil, Colombia, Denmark, France, Germany, Greece, Italy, Netherlands, Norway, Peru, Spain, Switzerland, and Thailand.
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Misophonia has been characterized as intense negative reactions to specific trigger sounds (often orofacial sounds like chewing, sniffling, or slurping). However, recent research suggests high-level, contextual, and multisensory factors are also involved. We recently demonstrated that neurotypicals’ negative reactions to aversive sounds (e.g., nails scratching a chalkboard) are attenuated when the sounds are synced with positive attributable video sources (PAVS; e.g., tearing a piece of paper). To assess whether this effect generalizes to misophonic triggers, we developed a Sound-Swapped Video (SSV) database for use in misophonia research. In Study 1, we created a set of 39 video clips depicting common trigger sounds (original video sources, OVS) and a corresponding set of 39 PAVS temporally synchronized with the OVS videos. In Study 2, participants (N = 34) rated the 39 PAVS videos for their audiovisual match and pleasantness. We selected the 20 PAVS videos with best match scores for use in Study 3. In Study 3, a new group of participants (n = 102) observed the 20 selected PAVS and 20 corresponding OVS and judged the pleasantness or unpleasantness of each sound in the two contexts accompanying each video. Afterward, participants completed the Misophonia Questionnaire (MQ). The results of Study 3 show a robust attenuating effect of PAVS videos on the reported unpleasantness of trigger sounds: trigger sounds were rated as significantly less unpleasant when paired with PAVS with than OVS. Moreover, this attenuating effect was present in nearly every participant (99 out of 102) regardless of their score on the MQ. In fact, we found a moderate positive correlation between the PAVS-OVS difference and misophonia severity scores. Overall our results provide validation that the SSV database is a useful stimulus database to study how misophonic responses can be modulated by visual contexts. Here, we release the SSV database with the best 18 PAVS and 18 OVS videos used in Study 3 along with aggregate ratings of audio-video match and pleasantness (https://osf.io/3ysfh/). We also provide detailed instructions on how to produce these videos, with the hope that this database grows and improves through collaborations with the community of misophonia researchers.

Keywords: misophonia, aversive sounds, trigger sounds, stimuli development, stimuli validation, video database, multimodal integration, multimodal perception


INTRODUCTION

In the early 2000’s, Jastreboff and Jastreboff (2001) coined misophonia as “the hatred of sound,” where some individuals have intense emotional and physical reactions to specific trigger sounds. Everyday sounds, such as chewing, breathing, drinking, nasal sounds, or finger tapping, can act as triggers to people with misophonia (Edelstein et al., 2013; Wu et al., 2014). Although many people might find the sound of slurping at the dinner table rude or annoying, individuals with misophonia may respond to that trigger sound with extreme, immediate emotional, physical, behavioral, and cognitive responses ranging from feelings of disgust, anxiety, and anger to an uncontrollable desire to physically harm the person producing it (Edelstein et al., 2013; Wu et al., 2014; Swedo et al., 2021). The misophonic trigger reaction is one of heightened autonomic arousal and physiological responses, such as tightened muscles or pressure in one’s chest, arms, head, or across the body (Edelstein et al., 2013; Brout et al., 2018). At times, individuals with misophonia may suffer functional impediments in their occupational, academic, and social lives (Schröder et al., 2013; Webber and Storch, 2015) as a result of their emotional, cognitive, physiological, or behavioral responses to trigger sounds, including avoiding or leaving situations.

Misophonia was initially considered to be an audiological disorder, but recent research has found that individuals’ trigger reactions are not tied to specific physical characteristics of the sound like pitch, timbre, or volume (Jastreboff and Jastreboff, 2014). More recently, interdisciplinary perspectives have brought to light a more holistic understanding of the misophonic experience. Recently, a cohort of experts has established a consensus definition for misophonia that takes these different factors into consideration. According to Swedo et al. (2021), misophonia is “a disorder of decreased tolerance to specific sounds or stimuli associated with these sounds” associated with “the specific pattern or meaning to an individual” (p. 22). The misophonic trigger response is idiosyncratic and tied to individual differences (Brout et al., 2018), with growing evidence that contextual factors, such as an individual’s perceived level of control, the context where a trigger stimulus is experienced, and the interpersonal relationships involved, all modulate the trigger response (Edelstein et al., 2020; Swedo et al., 2021).

Importantly, the trigger response may be influenced by higher-order contexts learned alongside trigger sounds. Edelstein et al. (2021) found that contextual information that is presented alongside a sound can change the way it is perceived. In their experiment, they asked control participants and participants with misophonia to rate the aversiveness of sounds from three categories: human eating sounds (a common misophonic trigger), animal eating sounds, or no eating sounds. They found that participants with misophonia rated human eating sounds that they incorrectly identified as animal eating sounds or as non-eating sounds as less aversive compared to when they correctly identified them as human eating sounds. Their findings suggest that the attributed source of a sound influences its perceived aversiveness.

Neuroimaging work by Kumar et al. (2017) found that when individuals with misophonia perceive trigger sounds, their anterior insular cortex has increased activity, resulting in heightened salience and emotional response and interoception in response to trigger sounds. However, in more recent work, Kumar et al. (2021) propose that this increased response is not a response to sound itself, but a result of “hyper-mirroring” in higher-order motor systems tied to the perception and production of trigger sounds. They found that compared to controls, the misophonia group had stronger connectivity between (1) the auditory, visual, and ventral premotor cortex responsible for orofacial movements, (2) the auditory cortex and orofacial motor areas during sound perception generally, and (3) stronger activation in the orofacial motor area in response to trigger sounds. They propose the sound and visual cues tied to the sound are not the cause of increased responses. Rather, they are the medium through which the motor action of a sound-maker is mirrored by an individual with misophonia, driving increased arousal responses. Their findings implicate the mirror neuron system in the experience of misophonia. When an individual with misophonia hears or sees another person doing a triggering action, auditory and visual mirroring processes allow them to create a representation of these actions (Rizzolatti et al., 1996; Aglioti and Pazzaglia, 2010), including their behavioral intentions in social interactions (Gallese, 2009). The motor basis for misophonia supports the hypothesis that high-level contexts, including the interpretation of social intent of the trigger producer, may play a role in the experience of misophonic trigger responses.

As such, we hypothesize that individuals with misophonia may have learned negative associations between trigger sounds and their source, which are predominantly orofacial sounds produced by others during eating or during repetitive movements (Jager et al., 2020). We propose that if we can disrupt this association by providing a plausible alternative visual source, individuals with misophonia may experience an alleviated misophonic trigger response. Past research supports the role that visual capture has on the experience of sounds. Cox (2008) found that the concurrent presentation of an image associated with a horrible sound resulted in participants perceiving the sound more horribly than when it was presented with an unassociated or control image. Thus, a new association provided by static visual cues affected people’s response to horrible sounds. Moreover, we know that visual-auditory integration can be strengthened by temporal synchronization, such as in the McGurk effect: making ambiguous auditory information like phonemes differentially discernable depending on mouth shape paired with it (/ba/perceived as/da/when participants view lips creating/ga/; McGurk and MacDonald, 1976).

Recently, Samermit et al. (2019) expanded on the role of synchronized audio-visual integration in the perception of aversive sounds. In that study, we presented neurotypical observers with a set of aversive sounds (e.g., sound of nails scratching on a chalkboard) synced with either the Original Video Source (OVS; e.g., a video of someone dragging nails down a chalkboard) or a Positive Alternative Video Source (PAVS; e.g., a video of someone playing the flute). Participants provided ratings of discomfort (how comfortable or uncomfortable the sound made them feel), unpleasantness (how pleasant or unpleasant the sound was), and bodily sensations (the intensity of any experienced physiological response elicited by the sound). Across all three measures, we found that the cross-sensory temporal syncing of aversive sounds to positive alternative video sources (PAVS) attenuated the negative responses compared to the presentation of sounds with the original video source (OVS).

We hypothesize that the findings of Samermit et al. (2019) will extend to modulate misophonic trigger reactions: pairing a misophonic trigger sound with a PAVS will reduce the negative response to the sound. Testing this hypothesis experimentally required us to develop a novel database of misophonic trigger stimuli: Trigger sounds along with their OVS that produced the trigger sound, and the same trigger sounds synched with PAVS that could feasibly have produced those sounds. In order for the temporal synchronization of visual and auditory cues to have any potential effect on misophonic trigger reactions, we needed to ensure that our stimuli (1) had well-matched audio and visual synchronization, and (2) that the PAVS were actually perceived more positively than OVS.

Here we present our 3-part methodology for the development and evaluation of a Sound-Swapped Video (SSV) database for misophonia, which we release for use in research. The database includes 20 pairs of PAVS and OVS videos along with the original trigger sound audio files, and aggregate ratings of each of the stimuli. In Study 1, we present the process we developed to generate and evaluate these audio-visual stimuli.

In Study 1, we conducted an idea-generation study to identify examples of alternative videos to create. In Study 2, we present the validation of 39 PAVS stimuli to identify a subset of stimuli that are perceived as relatively pleasant and have adequate audio-video match. In Study 3, we presented individuals with the 20 best PAVS and their associated OVS, to identify whether trigger sounds paired with PAVS are perceived as more pleasant than the same sounds paired with OVS. Although we recruited a general population for these studies, we collected responses on Misophonia Questionnaire (MQ; Wu et al., 2014) allowing us to relate participants’ responses to these sounds to their self-reported sensitivity to misophonic triggers.

The validated Sound-Swapped Video (SSV) database for misophonia is available on OSF1 for use and collaboration by misophonia researchers.



MATERIALS AND METHODS

Here we present the methodologies for Study 1 (Generation and Evaluation of Audio-Visual Stimuli), Study 2 (Evaluation of 39 PAVS stimuli), and Study 3 (Evaluation of the best 20 PAVS and 20 OVS stimuli).


Study 1: Generation and Evaluation of Audio-Visual Stimuli


Stimuli

Based on an analysis of the 80 interviews, we generated a list of commonly reported trigger sounds and grouped them into the following ten categories: crunchy chewing, wet chewing, slurping, swishing, sniffling, gulping, drumming, scraping, clicking, and squeaking.



Interview Process

We identified each individual’s top three triggers from a set of semi-structured interviews with 80 participants with misophonia. These interviews were part of a longer-term project to explore how different high-level contexts such as one’s social environment and social interactions, attention, visual cues, or experience of agency and control may be related to participants’ misophonic responses. As such, these interviews were designed to be idiographic (Molenaar, 2004; Barlow and Nock, 2009) and understand in-depth an individual participant’s relationship with their misophonic trigger sounds and reactions.

Participants were recruited from the greater Bay Area, California and Santa Cruz, California through the psychology department’s undergraduate participant pool, by word of mouth, and through the use of recruitment flyers on social media. Prior to the core interview, participants completed a pre-screen phone call with one of the researchers to confirm their experiences with trigger sounds were consistent with existing descriptions of misophonic trigger reactions.

Before participating in the interview, participants completed a consent form and the Misophonia Questionnaire (MQ; Wu et al., 2014). The MQ consists of three sections, including the Misophonia Symptom Scale (where participants were asked to rate how sensitive they are to a category of sound compared to other people), the Misophonia Emotions and Behaviors Scale (where participants rate their reactions associated with misophonia symptoms), and the Misophonia Severity Scale. The first section, the Misophonia Symptom Scale, consists of 7 items, where participants can indicate specific sound sensitivities. Participants respond to items like “Nasal sounds” or “People eating” between 0 (Not at all True) to 4 (Always True). The second section, the Misophonia Emotions and Behaviors Scale, assesses emotional and behavioral responses to trigger sounds, and consists of 10 items (e.g., “physically aggressive” or “leave environment”) with the same response scale as section one. These first two sections are summed into a total MQ Sensitivity Score, which ranges from 0 to 68 points.

The final section, the Misophonia Severity Scale, consists of a single question where participants rate the severity of their sensitivity from 0 (minimal) to 15 (very severe). A score above 7 on this scale indicates clinically significant misophonic reactions. For participants in this interview about their misophonic experiences, the mean Misophonia Sensitivity Score (combined score on the first two sections; maximum 68) was 36.1 (SD: 10.5) and the mean Severity Score (maximum 15) was 5.5 (SD: 2.2). This is consistent with existing research where Wu et al. (2014) found a clinical population had a mean Misophonia Sensitivity Score of 31.21 (SD: 7.64), and Zhou et al. (2017) found a clinical population of students in China had a mean Misophonia Sensitivity Score of 33.1 (SD: 10.73). In the current study, the internal consistency (Cronbach’s alpha) was 0.715 for the Misophonia Symptom Scale, 0.838 for the Misophonia Emotions and Behaviors Scale, and 0.843 for the Total score (the combination of these two parts).

The interview examined participants’ experiences with misophonia including questions on their trigger sounds and trigger reactions, the relationship between social experiences and their trigger reactions, and how other multimodal experiences, such as seeing the source of a sound, may be related to their trigger reactions. Each semi-structured interview was conducted on Zoom with an average length of 65 min. Participants were asked 32 primary questions and were asked follow up questions at the interviewer’s discretion. The interview was split into six sections:


1.Characterization of trigger sounds and trigger reactions, e.g., “What are your 3 worst trigger sounds? Why are they the worst?”

2.Personal and family history of misophonic experiences, e.g., “How old were you when you first experienced a misophonic response to a sound?”

3.Contextualizing trigger reactions, e.g., “Is there anything that makes your trigger sounds more tolerable for you? If so, how/why?”

4.Top-down effects and contexts associated with trigger reactions, e.g., “Has there ever been a time when the presence of trigger sounds affected your ability to focus on your goals?”).

5.Dynamic factors associated with trigger reactions, e.g., “Do you notice any difference in how you react to trigger sounds when you haven’t slept enough?”

6.Multisensory experiences similar to trigger reactions, e.g., “Have you ever SEEN anything that makes you feel the same as when you hear a trigger sound?”



We categorized the top 3 trigger sounds into high level categories, and used these categories as seed ideas for our stimuli.

Video generation process: For each trigger category, we constructed a number of audiovisual stimuli including OVS of the triggers (e.g., a video recording of a person chewing chips) and PAVS of the triggers (e.g., a video recording of a person tearing a piece of paper, in sync with the sound of chewing chips). This was done in 4 stages, which we describe below. A more detailed manual with step-by-step instructions is available here: (see text footnote 2).



Stage 1: Generating Ideas for Positive Attributable Video Sources

To generate ideas for what alternative sources might map well with each trigger sound, we used a combination of two approaches: (1) brainstorming sessions among the researchers and (2) collecting behavioral responses from naïve participants to the sounds. In the brainstorming sessions, researchers listened to or talked about the categories of trigger sounds determined from participants’ interviews, such as slurping or crunchy chewing, and imagined alternative sources that might create a similar sound. For example, for the sound of someone slurping, alternative sources included shuffling a deck of cards, flipping through pages of a book, and raising blinds.

One limitation to the brainstorming session was the possibility of functional fixation (Maier, 1931; Duncker and Lees, 1945) on the part of the researchers, who had prior knowledge about the true source of the sound. To overcome this, we conducted a remote behavioral study that presented 16 naïve participants with several 3-second-long audio clips of trigger sounds, such as the sound of someone slurping or chewing something crunchy, and asked them to try to identify each sound. The sounds and questionnaire were presented using an online survey platform, and participants documented what they thought the sound could be in an open-ended text box. We examined incorrect guesses as potential candidates for alternative sources as they were reasonably mistaken for the source sound. For example, the sound of finger drumming was once misidentified as “a rubber ball rapidly bouncing on the floor” and as “a plastic bottle rolling on a desk.”



Stage 2: Video-Recording the Positive Attributable Video Sources

The idea generation stage led to a collection of about 3–5 ideas of alternative sources for each of the ten trigger sound categories. Two research assistants then began the process of constructing each pair of PAVS and OVS stimuli.

The first step was to record a roughly 15-second audio-video clip of the Positive Attributable Video Source (PAVS). The reason that the PAVS was recorded first is that since most triggers are human-made orofacial sounds, it is relatively easy to generate those sounds to match the rhythm of a pre-existing PAVS. In contrast, we found it was more difficult to generate a PAVS to match the rhythm of a pre-existing OVS. For instance, it was easier to produce chewing sounds in the rhythm of a person walking on snow, compared to trying to walk in the rhythm of a person chewing. Our process is similar to Foley Sound Design2, where sound designers will watch footage from a TV show or movie and produce sound effects post-production in sync with what is occurring visually. In this case, it is the reverse—we produce videos that match up with an existing sound.

PAVS were self-recorded by research assistants with the use of a tripod and a smartphone with an auxiliary shotgun microphone that directly targets the sound of the action and reduces unwanted low gain background noise. Smartphones with similar video capabilities and resolution were used to capture the action of both the PAVS and the OVS stimuli. Most PAVS stimuli involved an agent (for instance a person hammering a stake into the ground or walking on snow), while some PAVS stimuli involved agent-less environmental sources, such as water running down a creek.



Stage 3: Recording the Original Video Sources

The next step was to record the OVS stimulus, which always involved a human actor/agent. OVS videos were also self-recorded by research assistants with the use of a tripod and a smartphone with an auxiliary shotgun microphone. The goal of the OVS recording was to create something roughly synchronized to the already recorded PAVS and capture the trigger sound clearly. Therefore the OVS recording process involved the actor attempting to synchronize the trigger action (e.g., chewing) while carefully watching and listening to the previously recorded PAVS (e.g., walking). To aid in this synchronization, the PAVS audio was played through headphones while the video was displayed in Adobe Premiere, allowing the actor to use both visual and auditory cues to determine the rhythm of the to-be-produced OVS. Special consideration was given to recording the audio to match the cadence and dynamics to the video component of the PAVS. The camera was often focused on the orofacial action, which featured the lower half or full face of the human agent. After a successful attempt at creating an OVS, both videos were evaluated to check for the viability of the temporal match. If the video pair was reasonably well synchronized, the raw audio and video were cataloged for further editing. Otherwise, the OVS recording process continued until a good match was achieved.



Stage 4: Audio Editing and Normalization

Before the audio was edited, the OVS and PAVS videos were roughly matched on a timeline in Adobe Premiere. A 12-second clip was then selected representing the best matched section that excludes loud noises associated with the beginning and ending of the original recordings. The audio components of the OVS and PAVS were then exported to Audition where the clips were normalized to −3 db. This step raised the volume of quiet parts and lowered the volume of louder parts of the audio waveforms. In some circumstances, additional distracting noises were removed from the waveform with dynamics processing to lower amplitudes of specific frequencies, for instance, a low frequency air conditioning noise that added white noise to the video. This tool was used sparingly as it could end up removing frequencies that are essential to the sound of the OVS.



Stage 5: Video Editing

With the audio now normalized, the corresponding video tracks were edited in Adobe Premiere. Due to the prior audio editing and video recording process, the audio waveforms should already be aligned and similar in amplitude, frequency, and height. The two normalized audio and video pairs were then placed on the timeline to find the best fit. The PAVS video was then overdubbed with the OVS sound. However, after an initial playback, additional unwanted sounds may need to be edited out from the audio that affect the believability of the audio-video match. The sounds that were generally removed were not representative of the OVS triggers themselves. For instance, distracting breathing sounds may be spliced out of a chewing sound since they might affect how plausible the match will turn out with PAVS. Additionally, some sections of the OVS audio may be slowed down (up to 85%) or sped up (up to 120%) to create a better match with the PAVS video.

Once these 5 stages were complete, we ended up with two audiovisual stimuli corresponding to a particular trigger sound: the OVS with the original triggering audio and video, and the PAVS with a positive attributable video source dubbed with the triggering OVS sound. In addition, we also cataloged the original sound files as well as the PAVS with its original (non-trigger) sound for potential use in future work.




Study 2: Evaluation of 39 Positive Attributable Video Sources Stimuli


Stimuli

The stimuli for Study 2 were the 39 PAVS stimuli constructed as described above. The stimuli contained non-trigger video sources (e.g., someone stepping on snow) paired with trigger sounds (e.g., chewing). The 39 trigger sounds included several examples of the ten categories described earlier.



Participants

We recruited 34 naïve participants (26 women, 6 men; ages 18–28) from the University of California Santa Cruz participant pool who received course credit for their participation. Participants completed a questionnaire via Qualtrics where they watched each of the 39 12-second PAVS stimuli in a random order.



Procedure

After watching each video, participants provided ratings of how pleasant or unpleasant the video clip was, and how well the sound and video matched. The pleasantness scale used the following response scale: 1 (Very unpleasant), 2 (Somewhat unpleasant), 3 (Neither pleasant nor unpleasant), 4 (Somewhat pleasant), or 5 (Very pleasant). The sound-video match question used the following response scale: 1 (Not a good match), 2 (Slightly good match), 3 (Moderately good match), 4 (Very good match), or 5 (Extremely good match).




Study 3: Evaluation of the Best 20 Positive Attributable Video Sources and 20 Original Video Sources Stimuli


Stimuli

Based on the results of Study 2, we selected the best 20 PAVS stimuli based on the reported quality of the sound-video match, along with the corresponding 20 OVS stimuli. The resulting 40 stimuli were presented to a new group of observers in two possible pseudo-random orders. In both presentation orders, half of the trigger sounds appeared once in the first half and once in the second half, paired with either a PAVS or an OVS video source. The counterbalancing allowed us to collect ratings for each PAVS-OVS pair in two different orders across participants. For half of the participants, “odd” PAVS videos and “even” OVS videos were played first, and “even” PAVS videos and “odd” OVS videos were played second. For the other half of the participants, it was the other way around. Having these two presentation orders allowed us to analyze responses by order (i.e., by whether the PAVS video was presented before or after the OVS video).



Participants

We recruited 102 naïve participants (65 women, 33 men, and 4 non-binary; ages 18–29) from the University of California, Santa Cruz Psychology participant pool who received course credit for their participation. Participants completed a questionnaire via Qualtrics where they watched and rated the 20 PAVS and 20 OVS stimuli.



Procedure

After watching each video, participants provided two ratings as in Study 2, indicating how pleasant or unpleasant the sound was, and how well the sound and video matched, using the same 5-point scales as in Study 2. The primary difference here is that in Study 3 we asked about the pleasantness or unpleasantness of the sound itself, whereas in Study 2, we asked about the pleasantness or unpleasantness of the PAVS video clip as a whole. After viewing and rating all 40 stimuli, participants then completed the Misophonia Questionnaire (MQ) and answered several demographic questions.





RESULTS


Study 1

We produced 39 pairs of PAVS/OVS stimuli, resulting in 78 audio-video files in total. Based on the results of Studies 2 and 3, we release a subset of the best 18 PAVS and the corresponding 18 OVS (in folders titled “PAVS videos” and “OVS videos,” respectively) as open-source downloads via OSF (see text footnote 2).



Study 2

Overall, the 39 PAVS videos received mean ratings of 2.36 (SD: 0.96) on the 5-point sound-video match scale, and 2.67 (SD: 0.60) on the pleasantness scale, although there were large differences across the videos Each of the PAVS video’s mean ratings for sound-video match and pleasantness across 34 observers are shown in Figure 1.
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FIGURE 1. Results from 34 participants in Study 2. Each dot represents a PAVS video. The x-position shows the mean sound-video match rating, and y-position shows the mean pleasantness rating. Horizontal and vertical error bars represent one standard error from the mean on the two scales, respectively. The dotted line represents the sound-video match cut-off we used to select the top 20 stimuli for Study 3.


Overall, participants provided a wide range of sound-video match ratings of the PAVS videos. Many stimuli ended up with ratings of “slightly good” or below, making them unviable for further use. Many of these videos were excluded due to the video and audio being off sync or, more commonly, due to perceptual differences between the sound quality (timbre) and the material from the visual source (e.g., a hollow bouncing sound could not reasonably originate from a ball lightly hitting a shag carpeted floor). For Study 2, we selected the best 20 PAVS videos based on the sound-video match rating, with a cutoff value of 2.15 in the 5-point sound-video match scale.



Study 3

We first examined ratings of the audio-visual match of the 20 PAVS and 20 OVS stimuli. Match ratings for the PAVS videos closely mirrored the results from Study 2 restricted to the best 20 stimuli. The mean rating of sound-video match across the 20 PAVS stimuli was 2.66 (SD: 0.91). As expected, match ratings for PAVS videos were consistently lower than those for corresponding OVS videos (mean: 4.15, SD: 0.65). Nevertheless a majority (15 of 20) of the PAVS stimuli obtained match ratings of slightly good or above. Figure 2 shows match ratings for all 40 stimuli (x-axis) plotted along with their mean pleasantness ratings (y-axis).
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FIGURE 2. Mean ratings of the 40 stimuli in Study 3 for audio-visual match (x-axis) and pleasantness (y-axis), averaged across 102 observers. Blue dots show PAVS stimuli and red dots show OVS stimuli. Line segments connect the corresponding PAVS and OVS stimuli.


The remaining analyses focus on pleasantness ratings. To better visualize the relationship between pleasantness of PAVS and OVS videos, the average pleasantness ratings for the 20 PAVS and 20 corresponding OVS stimuli are shown in Figure 3. For most stimuli (18 out of 20), pleasantness ratings for PAVS-paired sounds were higher than for OVS-paired sounds. A paired t-test (t19 = 3.78, p = 0.0013) confirmed this was statistically significant. The difference scores (mean PAVS rating minus mean OVS rating) for the 20 sounds are shown in Figure 4. The mean difference score across videos was 0.52 [95% CI: (0.233, 0.812); Cohen’s d = 0.845] which represents a large effect, where the maximum difference possible in the 5-point scale was 4. An observer-based analysis confirmed that this effect was nearly universal across our 102 participants. Figure 5 shows this difference score, averaged across the 20 sounds, separately for each participant.Overall, 99 out of 102 reported numerically higher pleasantness ratings of the PAVS-paired sounds compared to the OVS-paired sounds. A paired t-test (t101 = 14.87, p < 0.0001) confirmed this effect was significant. The mean difference score across observers was 0.52 [95% CI: (0.452, 0.592); Cohen’s d = 1.47], representing a very large effect size.
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FIGURE 3. Mean ratings of PAVS and OVS videos averaged across 102 observers. The x-axis represents the video number (arbitrarily assigned) and y-axis represents the 5-point pleasantness scales. PAVS ratings shown in blue and OVS ratings in red. A table shows the content of each of the 20 sounds. Error bars represent the standard error of the mean across participants.
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FIGURE 4. Pleasantness difference scores (PAVS rating minus OVS rating) for the 20 sounds. Each bar represents the average difference score across participants for each video. Error bars represent the standard error of the mean across participants.
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FIGURE 5. Pleasantness difference scores (PAVS rating minus OVS rating) for the 102 participants in Study 3. Each bar represents the average difference score across the 20 PAVS and 20 OVS for each participant.


Based on the two orders of stimulus presentations across observers that we described earlier, we were able to measure whether the order of presentation (PAVS-first or OVS-first) made a difference in the mean pleasantness ratings of the corresponding sounds. The set of mean pleasantness ratings for PAVS and OVS videos based on whether they were shown first or second are shown in Figure 6. Results show that the order of presentation made a substantial difference. Specifically, PAVS-paired sounds that were first shown in the PAVS context received significantly higher pleasantness ratings (mean = 2.97) compared to PAVS-paired sounds that were first shown in the OVS context (mean = 2.76; t101 = 5.15, p < 0.0001). This presentation order effect was not observed for OVS-paired sounds, which were rated similarly whether they were presented in the OVS context first (mean = 2.37) or in the OVS context second (2.32; t101 = 1.20, p > 0.2).Finally, we examined whether pleasantness ratings varied as a function of individuals’ score on the MQ (Wu et al., 2014). For participants in this study, the mean combined score on the first two sections of the MQ was 27.5 (SD: 11.0) and the mean score for the third section was 4.0 (SD: 2.6). In this study, the internal consistency (Cronbach’s alpha) was 0.792 for the Misophonia Symptom Scale, 0.834 for the Misophonia Emotions and Behaviors Scale, and 0.863 for the Total score (the combination of these two parts). Figure 7 shows mean pleasantness difference scores plotted as a function of individuals’ Misophonia sensitivity score, which is the total of the misophonia symptom scale and emotions and behavior scale, for a max total of 68. Figure 8 shows the pleasantness ratings as a function of individuals’ Misophonia severity score (based on the final question of the MQ), which asks participants to rate the severity of their sound sensitivity on a scale from 1 (minimal) to 15 (very severe). For this scale, a score of 7 or above would constitute clinically significant misophonic reactions. There are 14 participants out of 101 (13.7% of the sample) that had misophonia severity scores of 7 or above. Participants with high severity [score of 7 or above; mean difference = 0.83, 95% CI: (0.58, 1.09)] have significantly larger difference scores compared to those with low severity scores [score of 6 or less; mean difference = 0.47, 95% CI: (0.41, 0.54); two-sampled t101 = 3.76, p = 0.0003]. As can be seen in these figures, pleasantness difference scores were positive across most individuals regardless of the sensitivity or severity of their MQ scores. Correlation analyses revealed no relationship between MQ sensitivity and mean difference score (r = 0.094, p > 0.3), and a moderate positive relationship between MQ severity and mean difference score (r = 0.28, p = 0.004). Here, participants with higher MQ severity scores showed a significantly larger difference in pleasantness ratings of PAVS-paired vs. OVS-paired sounds compared to other participants. Separate analyses of PAVS and OVS ratings revealed that this relationship was driven by individuals with higher severity scores rating OVS as more unpleasant than individuals with lower severity scores; there was no difference between how these groups rated the PAVS-paired sounds. However, we found that the correlation is driven by four participants with very high scores (10 and 11 on the scale). When we remove the 4 participants with high severity scores, the correlation drops (r = 0.056, p > 0.5).
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FIGURE 6. The effect of order of presentation on pleasantness ratings. Blue bars show mean pleasantness ratings for PAVS videos and red bars show mean pleasantness ratings for OVS-paired sounds. The first pair of bars shows results for sounds that were rated in the PAVS context first and OVS context second; the second pair of bars shows results for sounds that were rated in the OVS context first and PAVS context second. Error bars denote one standard error of the mean across 102 observers. The asterisks indicate a significant difference (p < 0.0001).
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FIGURE 7. Mean pleasantness difference score for each individual in Study 3, plotted as a function of their total MQ sensitivity score (0–68). Total MQ sensitivity is the sum of an individual’s total for the misophonia symptom scale and the misophonia emotions and behaviors scale.
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FIGURE 8. Mean pleasantness difference score for each individual in Study 3, plotted as a function of their MQ severity score (0–15).





DISCUSSION

We established a procedure for developing a Sound-Swapped Video Database for the study of misophonia. The validated SSV database, which includes a refined set of 18 misophonic trigger sounds mapped to their original OVS and alternative PAVS sources, is publicly available (see text footnote 2). We have excluded from the database the two video pairs that had low audio-visual match scores for their PAVS, which indicated that they are not believable sources for the trigger sound. We have also made public the aggregate responses of the sound-video match and pleasantness of the stimuli, as well as detailed instructions for future researchers to develop their own stimuli as needed. It is our hope that as a community of researchers and practitioners, the co-development of these stimuli can encourage more multimodal perspectives in understanding misophonia.

Our studies validated that our SSV database is constructed of videos with a moderate synchronized match between trigger sounds and video sources, and that sounds presented in the PAVS context are perceived as significantly more pleasant than the same sounds presented in the OVS context. We also found that the modulating effect of PAVS is substantial and works across participants regardless of their reported misophonia severity scores. In fact, individuals who reported higher severity scores on the MQ rated the OVS-paired sounds as less pleasant than those with lower severity scores, making the attenuation effect stronger for these individuals. This suggests that future studies could evaluate if the comparison between PAVS and OVS stimuli may have a therapeutic effect for misophonia sufferers if an extension of our previous work (Samermit et al., 2019) were to be applied to participants with misophonia. Those with more severe symptoms may therefore stand to benefit from a dedicated PAVS-based intervention that trains them to associate triggering sounds to non-trigger visual sources. Future research on the short- and long-term effects of sound-swapped videos on misophonic trigger responses should be explored.

Further, we found an order effect that suggests there is learning involved in the perception of misophonic trigger sounds, where the pleasantness ratings for PAVS-paired sounds were lower if the corresponding OVS videos were presented first. This indicates it may be harder to associate a trigger sound with a PAVS once the exact sound has already been heard in the original OVS context. This result is in line with Kumar et al. (2021), where the visual or auditory cue may act as a medium for understanding the action that resulted in the sound. If an individual with misophonia hears a sound and maps it onto the action of someone chewing on chips, and then sees as PAVS attempting to remap it, that representation may have already been learned and difficult to remap. This suggests that for maximum effectiveness, PAVS-paired sounds should be presented first to establish a stronger association, prior to presenting the sound in the OVS context. However, we note that despite the order effect, PAVS-paired sounds still were rated as more pleasant than OVS-paired sounds, even when the OVS-paired sounds were presented first. We also note that in a therapeutic context, PAVS-paired sounds would be presented repeatedly under different circumstances and in different contexts, over an extended period of time. It remains an empirical question whether this intervention will significantly reduce the severity of misophonia symptoms or associated functional impairment.

Another line of work aims to understand intersections between misophonia and other psychiatric disorders or syndromes. Clinical researchers have found that those with misophonia report comorbidities with other psychiatric disorders such as obsessive-compulsive personality disorder, mood disorders, ADHD, and autism spectrum disorder (Jager et al., 2020), post-traumatic stress disorder (PTSD) and a novel audio-visual phenomena called the autonomous sensory meridian response, or ASMR (Rouw and Erfanian, 2018).

Even with these comorbidities, it is unlikely misophonia can be fully explained by an underlying psychological disorder (Schröder et al., 2013; Rouw and Erfanian, 2018). However, the emotional regulation and dysregulation associated with psychiatric disorders have been found to mediate trigger responses (Cassiello-Robbins et al., 2020). Specifically, misophonia has been found to be associated with anxiety, depression, and personality disorder symptoms, with anxiety as a mediator between personality disorder symptoms and misophonia (Cassiello-Robbins et al., 2021). As such, different forms of cognitive behavioral therapy, including transdiagnostic and counterconditioning approaches (Schröder et al., 2017; Lewin et al., 2021), and inhibitory learning approaches (Frank and McKay, 2019) that address emotional responses and contextual factors around a trigger stimulus-response pairing have shown some promising results. As the field continues to learn more about misophonia, it is possible that these clinical approaches may be complemented by the cross-sensory remapping approach we introduced here.

Existing research has already begun exploring how stimuli manipulation can be used in cognitive behavioral therapy (CBT) to alleviate misophonic trigger reactions. Schröder et al. (2017) conducted group CBT sessions with four main therapeutic exercises, including stimuli manipulation and counterconditioning where participants manipulated aspects of their own trigger sounds such as the pitch, duration of sound, and associations with visual stimuli. As part of this exercise, participants combined trigger sounds with pleasant stimuli, and were tasked with decreasing avoidant coping strategies when listening and watching their own stimuli at home. The researchers found that stimulus manipulation “helped to decrease the uncontrollability over misophonic triggers” and that the stimulus-grounded practice resulted in participants “feeling less overwhelmed by misophonic sounds” (Schröder et al., 2017, p. 292). We see our work as complementary to Schröder et al. (2017)’s CBT practice, and believe the Sound-Swapped Video Database provides researchers an opportunity to scale a stimulus-grounded intervention for counterconditioning with larger populations.

Our findings should be considered in light of some limitations in our studies. First, we did not confirm post hoc whether participants knew or suspected that they had listened to the same sounds twice. As such, we were unable to confirm whether the order effect we identified was driven by this conscious knowledge or association. Additionally, the study was conducted remotely and we did not include any tasks to standardize the volume of different sounds across participants. Thus we do not know how soft or loud participants set their volume to, whether they changed the volume over the course of the study, or whether they were listening with headphones or on a device’s speaker. As such, future remote studies should consider using a volume check task or request for participants to report their device setup to account for potential variability in sound delivery. Replicating these experiments in the lab under controlled auditory presentation conditions would be important for future research. Finally, by asking participants to attend to the goodness of the match between the sound and video of each clip, we may have caused an ironic effect where mismatches between the audio and video were made more salient, potentially reducing benefits of PAVS.

We also presented participants with decontextualized examples of trigger stimuli: 12 s videos with an unknown actor. Our 12-second clips were produced to be long enough to provide stimuli for researchers conducting psychological or neuroimaging research (e.g., fMRI) on misophonia, but may not be long enough to elicit strong trigger responses. Future stimuli development may also consider developing longer videos, including ones in more naturalistic contexts.

Existing research suggests that misophonic trigger responses are susceptible to contextual factors, such as the meaning tied to the sound, social control, or social relationships (Schröder et al., 2013; Rouw and Erfanian, 2018). Our stimuli lacked social contexts and, more specifically, any necessary or imposed interactions between the participant and the producer of the sound. By stripping the clips of these higher-level contexts, we are unable to make claims on the generalizability of these results to other examples or situations. Future research may benefit from exploring the role of social context and controllability as a factor that may potentially interact with PAVS-based attenuation of misophonic responses.

The evaluation of our stimuli in Studies 1 and 2 was based on a neurotypical population, and we did not screen for participants with misophonia. Even though we observed a range of misophonia sensitivity and severity scores using the Misophonia Questionnaire (Wu et al., 2014) within our sample, we did not include enough participants with high sensitivity or severity scores to examine the robustness of these effects for these individuals. However, 14 of the participants had a severity score of 7 or higher, qualifying them as having clinically significant misophonic reactions. This lends credibility to the potential efficacy of our PAVS as it relates to misophonia: The mean difference for these participants was driven by a lower baseline for their OVS scores, rather than an increase in pleasantness from the PAVS. In ongoing work, we are examining how individuals with misophonia from the 80 interviews conducted in Study 1 respond to sounds presented in the context of OVS and PAVS. This ongoing work, we hope, will help us identify whether cross-modal remapping of misophonic trigger sounds to plausible, positive alternative video sources might be a viable therapeutic method.



CONCLUSION

We hope that by releasing our initial set of OVS and PAVS stimuli, along with aggregate ratings and video production methodology, a collaborative effort across multiple research groups can contribute to and refine the database. It is our hope that our work can inspire and encourage broader brainstorming on plausible alternative sources of trigger sounds. Experienced sound and video editors should be able to produce even better matched videos and produce more examples of each trigger sound and PAVS source. Our SSV stimuli and development guide represent a first step in creating a publically available database of audiovisual stimuli for use in Misophonia research.
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Decreased tolerance in response to specific every-day sounds (misophonia) is a serious, debilitating disorder that is gaining rapid recognition within the mental health community. Emerging research findings suggest that misophonia may have a unique neural signature. Specifically, when examining responses to misophonic trigger sounds, differences emerge at a physiological and neural level from potentially overlapping psychopathologies. While these findings are preliminary and in need of replication, they support the hypothesis that misophonia is a unique disorder. In this theoretical paper, we begin by reviewing the candidate networks that may be at play in this complex disorder (e.g., regulatory, sensory, and auditory). We then summarize current neuroimaging findings in misophonia and present areas of overlap and divergence from other mental health disorders that are hypothesized to co-occur with misophonia (e.g., obsessive compulsive disorder). Future studies needed to further our understanding of the neuroscience of misophonia will also be discussed. Next, we introduce the potential of neurostimulation as a tool to treat neural dysfunction in misophonia. We describe how neurostimulation research has led to novel interventions in psychiatric disorders, targeting regions that may also be relevant to misophonia. The paper is concluded by presenting several options for how neurostimulation interventions for misophonia could be crafted.
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Introduction to misophonia

Misophonia is a disorder characterized by distress when faced with specific sounds or with the context surrounding such sounds (Brout et al., 2018; Swedo et al., 2021). Sound or visual stimuli, labeled as “triggers,” lead to negative emotional, physiological, and behavioral responses that are more intense than in the general population. Triggers tend to be repetitive and more often than not are generated by another’s human body. Sounds such as chewing, eating, slurping (Vitoratou et al., 2021), throat clearing, and breathing/sniffing are common triggers for misophonia. [See consensus definition for a more comprehensive characterization of trigger sounds (Swedo et al., 2021)]. Once triggered, children and adults with misophonia experience intense distress and have difficulty disengaging from the stimulus (Brout et al., 2018). While triggers may vary from person to person, the typical response involves increased autonomic arousal (muscle tension, increased heart rate, and skin conductance) and self-reported experience of anger, disgust, and anxiety (Siepsiak and Dragan, 2019). This discomfort may translate into behavioral or verbal aggression in the moment, and extreme avoidance behaviors outside of the moment (Swedo et al., 2021).

Misophonia is hypothesized to develop in early adolescence and does not improve with time (Brout et al., 2018; Swedo et al., 2021). More research is needed to better understand the onset of misophonia, with emerging studies suggesting genetics (Sanchez and Silva, 2018; Kılıç et al., 2021), and maladaptive learning (Schröder et al., 2013; Dozier, 2015; Dozier and Morrison, 2017) as possible mechanisms through which this disorder develops. Several studies document that misophonia leads to impairment in functioning and negatively affects interpersonal relationships (Wu et al., 2014; Zhou et al., 2017; Brout et al., 2018; Swedo et al., 2021). The severity of the misophonic reaction depends on the context in which it occurs, the perceived controllability, and the relationship between the individual and the source of the trigger (Swedo et al., 2021). Increased environmental stressors worsen misophonic distress and reduce the ability to downregulate arousal when faced with trigger sounds (Ferrer-Torres and Giménez-Llort, 2021). In addition, misophonic triggers significantly reduce the participant’s cognitive control and ability to engage in goal directed behavior (Daniels et al., 2020).

Misophonia may overlap with other auditory conditions such as tinnitus, hyperacusis (Aazh et al., 2019), autonomous sensory meridian response (ASMR; McErlean and Banissy, 2018; Palumbo et al., 2018; Rouw and Erfanian, 2018), or with psychiatric conditions (Quek et al., 2018; Swedo et al., 2021). One study found a 52.4% overlap with obsessive compulsive personality disorder (OCPD; Cavanna and Seri, 2015) while in other samples this overlap was lower (26%; Jager et al., 2020). Other typical comorbidities are mood disorders (10–48%; Erfanian et al., 2019; Claiborn et al., 2020; Jager et al., 2020), attention deficit and hyperactivity disorder (ADHD; 12%), post-traumatic stress disorder (PTSD; 12–15%; Rouw and Erfanian, 2018; Erfanian et al., 2019; Claiborn et al., 2020), and obsessive compulsive disorder (OCD; 15–21%; Erfanian et al., 2019; Claiborn et al., 2020). Comorbidities with eating disorders have also been reported (10% in one study; Erfanian et al., 2019). One study found that PTSD alone was related to misophonia severity (Rouw and Erfanian, 2018). These studies should be seen as preliminary because they either had small samples (Erfanian et al., 2019), or they asked participants to report what diagnoses they received or thought they had (Claiborn et al., 2020), which may lack accuracy. Nevertheless, research suggests that misophonia is independent from these comorbidities and shouldn’t be diagnosed if the presenting problems are better explained by one of these more established disorders (Swedo et al., 2021). For instance, up to 50% of those who describe misophonic distress do not have any other mental health disorders (Rouw and Erfanian, 2018) indeed, emerging research is painting the picture of a distinct problem that does not fit neatly within a diagnosable disorder (Brout et al., 2018).



Structure and function of neural regions that may be connected to misophonic distress

One clear way in which misophonia can be distinguished from other disorders is by identifying how exactly this dysfunction translates into aberrant neural function and connectivity. In this section, we introduce regions of interest for misophonia, and describe their broad structure, function, and connectivity patterns. This section is focused on brain regions that have been identified by at least two neuroscientific studies as showing abnormalities in misophonia (see Table 1 and section “The neurobiology of misophonia”). We chose to include review articles coupled with relevant research findings to highlight typical function in these regions in healthy adults. We also highlight, when available, findings of dysfunction in these regions in adults or adolescents who meet criteria for the disorders that most commonly co-occur with misophonia. An exhaustive literature review of all the findings relevant to these regions is beyond the scope of this article. Other regions not detailed below but found in section “The neurobiology of misophonia” may be important areas of intervention and should continue to be investigated.


TABLE 1    Summary of brain regions relevant to misophonia, their established function, and the specific alterations in structure and function identified in neuroimaging studies to date.
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Insula

The insular cortex (see Figure 1B) can be found in the lateral sulcus, underneath the frontal and temporal lobes (Naidich et al., 2004). It is highly connected with several regions including the frontal, temporal, and parietal lobes, the brainstem, and limbic structures such as the amygdala, thalamus, cingulate gyrus, and basal ganglia (Flynn, 1999). Therefore, the insula is involved in autonomic, self-awareness, and emotional processing functions (Gu et al., 2013). On each side, the insula can be divided into anterior, middle, and posterior sections. Of primary interest to misophonia is the anterior insula, which is a specialized region, involved in autonomic and interoceptive functions (Flynn, 1999). A unique feature of the insula is that it includes a cluster of spindle-shaped von Economo neurons (VENs; Economo, 1926), that are larger than other neurons, and are used for rapid integration of information between the frontal and insular cortices (Gu et al., 2013). The insula is critical for emotional awareness, and is especially involved in the interoceptive “feeling” of the emotion (Gu et al., 2013). The function of the anterior insula has been connected with heart rate and respiration changes, pain, feeling of touch, awareness of temperature, risk, emotional processing, trust, and norm violation (Gu et al., 2013; Droutman et al., 2015). Therefore, this structure is responsible for perceived awareness of one’s physiological state and needs. Insults to the anterior insular cortex (AIC) result in either heightened, or significantly impaired, perceived wellbeing, and emotional awareness. Studies examining the AIC show that it integrates cognitive and motivational information with emotional inputs (Gu et al., 2013). Hyperacussis has also been described in case reports of three individuals with insular damage, denoting that this structure may be critical in the perception and modulation of sound intensity (Boucher et al., 2015).
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FIGURE 1
(A) Position of the supplementary motor area (SMA), dorsolateral prefrontal cortex (dlPFC), ventral premotor cortex (PMv), superior temporal cortex (STC), and ventromedial prefrontal cortex (vmPFC) on an MNI template brain segmented using the AAL atlas (Tzourio-Mazoyer et al., 2002). Masks for the dlPFC and vmPFC were extracted from the Mindboggle segmentation (Klein et al., 2005). (B) Coronal, sagittal, and transversal views of subcortical regions relevant to misophonia extracted from Mindboggle and from the FSL Harvard-Oxford sub-cortical structural segmentations. The anterior cingulate cortex (ACC) is blue, the amygdala is green, and the insular cortex is colored rainbow.


Degeneration of VENs as well as hypoactivity in the anterior insula have been connected to alexithymia, or deficits in emotional awareness (Bird et al., 2010; Seeley, 2010). Hypoactivity in the bilateral mid-insula has also been connected with depression severity (Avery et al., 2014). Functional hyperactivity of the insula has generally been related to tasks where negative emotional stimuli are elicited in psychiatric disorder (Schienle et al., 2005; Groenewold et al., 2013). One study found hyperactivity in the right AIC when engaging in downregulation of distress in adults who have excessive weight versus matched controls (Steward et al., 2016) as well as in depressed adults (Beauregard et al., 2006). Another study identified hyperactivation in ADHD adolescent boys when compared to typically developing boys during exposure to negative-valenced stimuli (Vetter et al., 2018). In anxiety disorders, it has been shown that anticipating negative stimuli with unpredictable aversiveness is associated with insula hyperactivity (Simmons et al., 2011; Gorka et al., 2014).

Tractography studies observe widespread connections between the insula and the frontal and temporal lobes. Specifically, structural connectivity to superior medial frontal gyri (SMFG), orbitofrontal cortex (OFC), and the auditory cortex (Ghaziri et al., 2017). Furthermore, the anterior insula connects to the anterior cingulate (ACC) and midcingulate cortices (Ghaziri et al., 2017). Studies examining connectivity dysfunction in PTSD patients found increased right AIC-DMN resting state connectivity 2 days after trauma exposure (Wang et al., 2012), and in right AIC-amygdala functional connectivity while listening to trauma reminders (Cisler et al., 2014). A decrease in the functional connectivity between the right AIC and the OFC/ventromedial prefrontal cortex (vmPFC) at rest was found to be uniquely associated with lack of insight in OCD (Fan et al., 2017) and with alexithymia in smoking adults (Sutherland et al., 2013).



Orbitofrontal/ventromedial prefrontal cortices

The vmPFC (Figure 1A) is located at the bottom of the frontal lobe and is critical for evaluating risk, and regulating emotions, such as fear, by directly influencing the amygdala (Motzkin et al., 2015). The OFC is located just above the orbits, therefore in a similar anatomical location, and encompassing similar Brodmann (BA) areas as the vmPFC (Phillips and Della Sala, 1998). The OFC functions to assist in decision making and emotional processing, and is connected to other prefrontal cortex (PFC) regions associated with decision making (Kahnt et al., 2012). In healthy adults, the OFC has also been associated with assigning a reward value or emotion to primary reinforcers such as taste, texture, or facial expressions (Rolls and Grabenhorst, 2008). In order to make these evaluations, the OFC has connections to the primary taste, inferior temporal, primary olfactory, and somatosensory cortical areas (Rolls, 1996). The OFC also receives input from the amygdala and is responsible for emotional enhancement in memory processing (Rolls, 1996; Kumfor et al., 2013). In one study, atrophy in the OFC was connected in patients with fronto-temporal dementia to then inability to use negative emotions to retrieve memories (Séguin, 2004). Reduced engagement of the OFC has also been connected with difficulty adjusting behaviors after negative feedback in OCD (Cisler et al., 2014) and ADHD patients (Itami and Uno, 2002).

Hyperconnectivity between the OFC and other brain regions can be seen in OCD and obesity (Black et al., 2014; Liu et al., 2022). For example, OFC-ACC/and OFC-caudate hyperconnectivity has been documented in OCD (Liu et al., 2022), and lateral OFC-left dorsolateral prefrontal cortex (dlPFC) hyperconnectivity in obese children when compared to controls (Black et al., 2014). Hyperconnectivity between the vmPFC and striatum, frontal and motor cortices are also connected to OCD, with vmPFC-caudate hyperconnectivity being correlated with OCD severity (Apergis-Schoute et al., 2018).



Cingulate cortex

The cingulate cortex lies underneath the frontal cortex, in the medial portion of the cerebral hemisphere and is comprised of Brodmann Areas (BA) 23–26 and 29–31 (Stanislav et al., 2013). It mediates the pathway from the thalamus to the hippocampus (Chauhan et al., 2021) and is implicated in emotional processing and regulation, with specific areas (anterior and posterior cingulate cortices) assumed to have differentiated functions. The ACC (Figure 1B) sits at the front of the cingulate cortex, wrapping around the head of the corpus callosum (Monosov et al., 2020). Various examinations implicate the ACC in several aspects of emotion and cognition, including conflict processing, reinforcement learning, motivation, error detection, action selection (Holroyd and Yeung, 2011), management of aggressive behaviors (van Heukelum et al., 2021), and processing of social pain (Eisenberger, 2015). The ACC has also been broken into different subsections, each with differential functions. The rostral ACC (rACC) is closely connected with the amygdala and is thought to play a role in empathy and emotional processing (Singer et al., 2004; De Brito et al., 2009). For example, loss of white matter tracts connecting the rACC with the amygdala diminishes the ACC’s ability to inhibit amygdala activation, leading to increased fear responses seen in PTSD (O’Doherty et al., 2018). The dorsal ACC (dACC), also labeled the midcingulate cortex (MCC; Stevens et al., 2011), is connected to the dlPFC, supplementary motor area (SMA), supramarginal gyrus, and insula revealing its involvement in social cognitive and motor processes (Overbeek et al., 2021; Tuovinen et al., 2022). The MCC was found to mediate decision making, executive control (Mattavelli et al., 2022), and emotion regulation (Li et al., 2014) with increased activation in the anterior MCC being associated with decreased negative emotion (Stevens et al., 2011). Increased ACC activity during a task has been associated with improved emotion regulation (Tang et al., 2016).



Ventral premotor cortex

The ventral premotor cortex (PMv; Figure 1A) is located within the frontal cortex overlapping with the Brocca region and including mirror neurons involved in mimicking and predicting the intentions of others (Binkofski and Buccino, 2006). The PMv is a receptacle for multi-sensory inputs including tactile, auditory, and visual, and is highly connected with adjacent premotor cortical regions (Boussaoud, 2001; Pardo-Vazquez et al., 2009). Time and sensorimotor integration of inputs have been causally connected to the PMv using an inhibitory neurostimulation paradigm (Ruspantini et al., 2011). In synchrony with adjacent areas, the PMv calculates the optimal motor response given learned consequences of several possible options (Pardo-Vazquez et al., 2008; Lemus et al., 2009). Individuals with PMv impairment have difficulty adjusting motor responses based on feedback (Berthier et al., 2017).



Supplementary motor area

The SMA (Figure 1A) of the brain is located on the medial surface of the cortex anterior to the pre central sulcus and is divided into two sub-regions (Kaas and Stepniewska, 2002). The preSMA connects predominantly with areas that are fundamental to a wide spectrum of functions such as planning complex movements, response selection, conflict resolution, word selection, and decision making (Tremblay and Gracco, 2009). The SMA proper occupies a significant portion of the superior frontal gyrus, taking up roughly one third of its territory, with a primary function of planning complex movements and deliberate motor execution (Tremblay and Gracco, 2009). Lesions within the SMA have resulted in an impaired ability to produce self-initiated or unique motion; however, motions that have a strong conditional response based upon memory are maintained as they may be generated largely by using previously associated sensory cues (Kaas and Stepniewska, 2002).

The rich connections of the SMA to the somatosensory regions allow this region to function as more than simply a point of translation of sensory stimuli into motor activity (Kaas and Stepniewska, 2002). SMA neurons receive sensory inputs and interpret them for the purpose of planning and controlling the timing of a motor response so that movement is deliberate and planned and not simply reflexive in nature. In connection with the aMCC and the left anterior insula, SMA has also been hypothesized to underline the experience of empathy for other people’s fear or disgust emotions (Fan et al., 2011). Examinations of the SMA in psychopathology show deficits in activation and in integration of sensory input in ADHD and other developmental disorders (Piek and Dyck, 2004; Mostofsky et al., 2006). Therefore, unlike other brain regions, hyperactivity and hyperconnectivity in this region is uncommon in psychopathology.



The superior temporal cortex

The superior temporal cortex (STC; Figure 1A) comprises roughly 17% of the total cerebral cortex in humans and includes areas with auditory, olfactory, vestibular, visual, and linguistic functions (Kiernan, 2012). The predominant role of the STC is to identify the source of a sound and interpret it as human, dog, car, etc. (Kiernan, 2012). The STC can be divided into two regions with some functional overlap: the superior temporal gyrus (STG) and the superior temporal sulcus (STS). Likely most relevant to misophonia, the STG is fundamental to human understanding of language and sound. It provides the ability to analyze facial expressions and changes in terms of the inherent emotional messaging (Bigler et al., 2007). Additionally, the STG has a functional role in auditory processing within the context of ambient noise. Specifically, this region becomes more active in social situations when a person strains to hold conversation amid a background information (Vander Ghinst et al., 2016). The tempo-parietal junction (TPJ), which captures part of the STG, has also been connected with the ability to engage successfully in emotional distancing if the context requires it (Powers et al., 2020a,b; Powers and LaBar, 2019). Hyperactivity of the STG during exposure to trauma has been one of the brain abnormalities distinguishing adults diagnosed with PTSD from controls (Lanius et al., 2002).



Amygdala

The amygdala (Figure 1B) is a key structure in the brain for processing emotions. It lies in the medial temporal lobe in front of the hippocampus and is a part of the limbic system. Extended research has found strong connectivity between the amygdala and the cingulate cortex, OFC, insular cortex, dlPFC, and parahippocampal gyrus (Stein et al., 2007). The amygdala also interacts with the vmPFC when we engage in affective decision-making. The hypothesized role of the amygdala is to assess the affective components of the situation and the of the vmPFC to lead to a judgment based on amygdala inputs (Shenhav and Greene, 2014). Differences between the roles of the right and left amygdala have been identified and extensively researched. In brief, the right amygdala is naturally larger than its left counterpart in healthy adults, resulting in asymmetrical lateralization (Murphy et al., 1987). It uniquely connects to the dorsomedial (dm)PFC, a neural pathway that has been connected to the regulation of negative emotions (Baeken et al., 2014). On a behavioral level, the right amygdala is more engaged in processing negative emotional stimuli as opposed to the left amygdala which is involved primarily in processing positive emotional stimuli (Yoshimura et al., 2009). More prominent involvement in habituation (Wright et al., 2001) and fear conditioning (Baker and Kim, 2004) led to the hypothesis that the right amygdala is part of a system that detects dynamic emotional stimuli, while the left amygdala may be more involved in evaluating a continuous stimulus. Higher volume in the left amygdala has also been connected with enhanced empathy (Goerlich-Dobre et al., 2015). The pervasive amygdala dysfunction found in psychopathology tends to be associated with hyperactivation or atypical connectivity of the right amygdala (Abercrombie et al., 1998; Chen et al., 2004; Gilboa et al., 2004; Kleinhans et al., 2010; Spoletini et al., 2011; Pico-Perez et al., 2017; Thorsen et al., 2018; Picó-Pérez et al., 2019) or insufficient activation in the left amygdala (Thorsen et al., 2018).




The neurobiology of misophonia

Initial conceptualizations of misophonia hypothesized neural hyper-connectivity between auditory and limbic systems (Jastreboff and Hazell, 2008) based on prior examinations of heightened noise sensitivity which found volumetric enhancements in left auditory areas, bilateral hippocampus, and right anterior insula (Kliuchko et al., 2018)1. Therefore, initial examinations of the neurobiology of misophonia have focused on the auditory and emotional neural networks. In a preliminary investigation, 10 misophonic adults, and 7 matched healthy controls were exposed to 25 s audio-video clips of neutral, aversive, or misophonic trigger sounds (San Giorgi, 2015). Participants with other mental health disorders were excluded. Increased activity in the left amygdala was found for those diagnosed with misophonia versus controls when being exposed to trigger versus aversive videos (San Giorgi, 2015). This preliminary finding suggested that emotional neural networks, rather than auditory over-responsivity, might be key in understanding misophonia. Specifically, given the hypothesis that the left amygdala may be more involved in evaluating a continuous stimulus as negative, trigger sounds may be overly identified as negative experiences in misophonic contexts. Furthermore, given that the left amygdala tends to under perform in the majority of psychiatric disorders, hyperactivation in misophonia points to a unique neural signature for this disorder.

Kumar et al. (2017) examined 20 adults diagnosed with misophonia and 22 controls (non-misophonic) using a functional neuroimaging paradigm. Participants had to report being bothered by sounds of eating, breathing and chewing regardless of whom the person engaging in these behaviors was. Control participants were briefly exposed to misophonic triggers and only enrolled if they did not describe a misophonic response to these sounds. No additional clinical characterization of the two groups was performed. Exposing participants to 15 s audio clips of misophonic sounds led to significantly higher activation in the bilateral AIC in adults diagnosed with misophonia versus controls. The researchers concluded that trigger sounds may have been perceived with heightened salience in those who experience misophonia. This enhanced activation mediated increases in heart rate (HR) and galvanic skin response in adults with misophonia. Furthermore, during trigger sounds alone, the AIC (especially in the left hemisphere) had enhanced functional connectivity with core parts of the default mode network (DMN; the vmPFC, posteromedial cortex), with the hippocampus, and with the amygdala. This hyperconnectivity suggests that individuals with misophonia have difficulty disconnecting default mode memories of similar contexts and thoughts from the active situation, increasing the salience of the experience (Kumar et al., 2017). The enhanced connectivity to the amygdala is also seen in PTSD during trauma exposure (Cisler et al., 2014), suggesting that perception of trigger sounds may be akin to trauma exposure.

Using a similar paradigm but changing the stimuli to include both video and audio, Schröder et al. (2019) compared 21 adults with misophonia with 23 controls. Unlike Kumar et al. (2017), this study excluded participants with psychiatric comorbidities (e.g., anxiety, mood, or substance use disorders) and did not find differences between groups when comparing misophonic (lip smacking, loud breathing) with aversive triggers. Nevertheless, when comparing misophonic with neutral sounds, the study found significant higher activation of the right insula, ACC, and STC in adults with misophonia versus controls. Increased heart rate and self-reported anger, disgust and sadness in response to misophonic triggers also differentiated adults diagnosed with misophonia from controls. Furthermore, repeated exposure to the same triggers amplified the salience network activity which the authors hypothesized indicated a conditioned response, augmented by enhanced vigilance (Schröder et al., 2019).

A novel finding in this study is the increased ACC function during symptom provocation which may suggest that adults diagnosed with misophonia may engage in enhanced emotion regulation during perception of misophonic trigger sounds (Schröder et al., 2019; Cerliani and Rouw, 2020). Based on the function of the ACC presented in the last section, is also possible that increased ACC activation during misophonic triggers can be a marker of higher perceived social pain (or rejection) when sounds produced by another person are experienced. In addition, hyperactivation of the STC during trigger sounds in misophonia may suggest that misophonic sounds are involuntarily brought into the forefront of the context, enhancing their salience.

Cerliani and Rouw (2021) compared 19 participants with misophonia and 20 controls. Twelve-second audio-visual stimuli that were either neutral, aversive, or misophonic triggers were presented during an fMRI paradigm. Each stimulus was preceded by a 2 s text description. Significantly higher brain activity was found during perception of triggers versus aversive sounds in misophonic adults versus controls in the SMA, MCC, visual cortex (V1/V2), and right ventrolateral premotor cortex (PMvl), including the right anterior insula. In addition to enhanced activation, researchers also found hyperconnectivity between MCC/SMA/PMvl with the primary auditory cortex (A1), and the lateral OFC, a signature that appears to be unique to misophonia. Interestingly, these differences were not found when comparing trigger sounds with neutral sounds.

The areas of enhanced activation are responsible for planning motor behavior and may represent the misophonic adult’s preparation to avoid or physically react to the sound. The authors hypothesize that the misophonic reaction is not a direct auditory-limbic response, rather a more complex process mediated by higher order processes. The important role of the lateral OFC connects misophonia to difficulties with behavioral inhibition and with learning how to adjust responses to misophonic triggers based on context. Specifically, adults with misophonia may have difficulty reassessing the unnecessary negative response associated with this particular type of innocuous auditory stimuli (Cerliani and Rouw, 2020). This finding supports the high co-occurrence between misophonia and compulsive disorders. Concerning the SMA, the heightened connectivity with the auditory cortex can suggest higher salience of the auditory input when determining upcoming motor action. The higher SMA activation during trigger versus aversive sounds may suggest a stronger impulse to escape, or to overly identify with the person engaged in the actions that yield misophonic sounds.

Concerning the AIC, two studies showed hyperactivity during exposure to trigger sounds in the absence of regulation instructions (Kumar et al., 2017; Schröder et al., 2019). However, in one study when the unpredictability of the trigger may have been reduced by announcing the type of sound with a written description, the hyperactivity seen in the insula was reduced (Cerliani and Rouw, 2020). This may suggest that reducing ambiguity may lessen the insula reactivity, although a direct comparison is needed to support such a conclusion. Therefore, it is possible that the unpredictability of how a misophonic situation might unfold (i.e., how much worse the trigger sound will get), negative emotions associated with the sounds, and automatic engagement in maladaptive emotion regulation may be responsible for the insula hyperactivity seen in misophonia. It is also possible that hyperactivity in the insula in misophonia may be connected to deficits in attention (Eijsker et al., 2019).

Eijsker et al. (2019) administered a stop signal task to 25 adults with misophonia and 25 matched controls. Participants were excluded if they met criteria for bipolar I, psychosis, substance use disorders, autism, as well as other neurological conditions. The majority of the sample had no comorbidities except one case with ADHD, and one case with borderline personality disorder. There were no differences in successful engagement in the task between the two groups. Nevertheless, misophonic adults evidenced reduced inhibition success-related activation of left dlPFC and heightened activation in this region during correct going trials when compared to controls. Furthermore, misophonic adults only activated the SMFG less during inhibition success compared to failure, suggesting that feedback that may normally be passed to the insula adjusts its activity may be missing or insufficient. Controls only showed inhibition success-related activity in the posterior cingulate cortex (PCC).

The authors interpret these findings as suggesting strategic delay of responses in misophonic adults who may prefer accuracy over speed (e.g., perfectionism) during this task coupled with overly negative self-reflection in response to failure and an inability to adjust strategy employed in response to success and failure information. Others have also suggested that perfectionism may be at play within misophonic patients (Jager et al., 2020; Natalini et al., 2020), using self-reports, personality assessments, and clinical examples, although the research data is mixed (Szykowny, 2020). One recent experimental study highlights that disproportionate attention to detail coupled with cognitive inflexibility (which can also be construed as perfectionism) is more prevalent in misophonic versus non-misophonic adults (Simner et al., 2022).

Resting state connectivity studies also offer insight into brain differences that are related to misophonia. In a separate assessment of the sample presented above, Eijsker et al. (2021b) examined differences at rest between misophonic adults and matched controls. A multivariate connectivity analysis with the bilateral amygdalae as seed regions showed hyperconnectivity during resting state with the cerebellum for patients when compared to controls. Patients also showed stronger connectivity within the right frontal cortex (IFC) and TPJ at rest. The authors hypothesize that these abnormalities reflect a tendency to enhance sensory processing of emotional information and may lead to reflex-like behaviors. Enhanced connectivity between the TPJ and the frontal cortex at rest could also be connected with difficulty recruiting this area for successful distancing from distressing noise in misophonic contexts (Powers and LaBar, 2019).

Taken together, these studies highlight the neural networks involved in misophonia and do not support the hypothesis that misophonia is simply a noise sensitivity problem. Rather, these studies suggest that brain networks involved in emotion, salience, attention to detail, and cognitive flexibility may display aberrant function and connectivity in adults with misophonia (See Supplementary Table 1 for specific locations for neural differences found in the reviewed studies). Evidence supports amplified physiological reactivity to misophonic cues that seems to be connected to emotion much more than to heightened responsivity of the auditory cortex. Similar to other clinical disorders, prefrontal areas may be hypoactive, or connected to these limbic structures in a dysfunctional way (Kumar et al., 2017) leading to difficulties downregulating this exaggerated arousal response. The specific ways in which the insula connectivity is altered and the presence of hyperactivity in motor areas during symptom provocation highlight that a unique neural signature of misophonia exists. Small sample sizes and differences in inclusion/exclusion criteria suggest the need for replication for these findings in more tightly controlled samples, including comparisons with clinical not just with healthy controls. The wide range of functional differences found from controls in different studies also points to the necessity of a large trial that can clarify with more accuracy which of these candidate regions shows the most robust evidence for dysfunction in misophonia. Interestingly, all studies point toward hyperfunction in motor areas as being connected to misophonic responses.

Along these lines, Kumar et al. (2021) proposed a new mechanism for misophonia that involves the activity of mirror neurons found in premotor areas. Using a resting state fMRI (rs-fMRI) paradigm, the team showed that function in the right secondary auditory and the PMv cortices are significantly more correlated at rest in 17 adults with misophonia than in 20 controls. A similarly increased functional connectivity at rest was found between the right secondary visual cortex (V2) and the PMv. The right anterior insula also demonstrated heightened functional connectivity at rest with the right V2 and the left primary visual cortex (V1) in adults diagnosed with misophonia versus controls. When exposed to 15 s audio clips, 19 participants with misophonia showed again a stronger connectivity between the auditory cortex and the PMv regardless of the sounds being played. The PMv demonstrated higher activity in misophonic adults when compared to controls for trigger sounds only, and the magnitude of activation in this area correlated with the self-reported distress induced by the sound. The authors identify that the area that demonstrates hyperactivity within the PMv is responsible for engaging in or observing mouth and lip movements. They conclude that this pattern indicates hyperactivity of mirror neurons in areas responsible for orofacial actions.

This neural mirroring may involve behavioral mirroring, likely done with enhanced awareness, and inability to disconnect or distract from this activity (Kumar et al., 2021). Given that the PMv is also activated when observing lip movements of others (Buccino et al., 2001), it is possible that misophonia includes an inability to disengage from sensory cues related to others orofacial movements. Given the function of the PMv, this pattern of results may also suggest over-preparedness for the reactions of others and higher importance given to the motor movements involved in trigger sounds versus other sensory inputs. This hypothesized mechanism doesn’t explain why some trigger sounds, like clicking, elicit misophonic reactions (Hansen et al., 2021), but it offers a comprehensive explanation for neuroimaging findings presented in the literature thus far. A possibility exists that different subtypes of misophonia may exist, or that different mechanisms through which the misophonic reaction is triggered may be at play.


Structural abnormalities

The first structural abnormality related to misophonia was reported by Kumar et al. (2017) who found higher myelination in the vmPFC. Increased myelination of the vmPFC can also be seen in monkeys who are exposed to early mild life stressors and learn to cope with such stressors (Katz et al., 2009), suggesting that this brain difference may be a marker of resilience. More recent studies failed to replicate this finding when using voxel-based morphometry along with structural MRI; nevertheless, new findings emerged (Eijsker et al., 2021a,b). When compared to controls (n = 25) patients with misophonia (n = 24) may have larger gray matter volume in the right amygdala (Eijsker et al., 2021b), a finding believed to be connected to the increased emotional reactivity when being exposed to trigger sounds. The same team also showed that adults with misophonia may have greater white matter volumes in the left frontal cortex (the left inferior fronto-occipital fasciculus, and the left body of the corpus callosum; Eijsker et al., 2021a). This finding again points toward a unique neural characteristic in misophonia, given that the majority of mental health dysfunctions have been connected to lower, not higher, white matter volumes (Thomason and Thompson, 2011). Patients may also have lower diffusivities, which reflects higher myelination. The affected regions involve tracts connecting the amygdala with the occipital cortex, and the OFC with the frontal pole and the dlPFC (Eijsker et al., 2021a). The authors interpret these findings as possibly underlying processes responsible for disengaging attention away from the aversive stimulus (Eijsker et al., 2021a). The regions affected are also involved in emotional empathy and recognizing facial emotions (Philippi et al., 2009; Oishi et al., 2015), processes that have not been studied in misophonia but which may play a role.



Future directions for the neuroscience of misophonia

The rapid advancements in understanding the neuroscience behind misophonia are promising. One drawback of the current literature is the little overlap in findings, despite similar paradigms. Therefore, one important future direction may be to examine differences in much larger samples, using more stringent controls for comorbidities. In addition, employing tasks that elicit activation in the insula or the PMv in misophonic patients, in the absence of misophonic triggers, may shed light onto the specificity or generalizability of the observed dysfunction. For example, examining differences in empathy or emotional awareness in adults with and without misophonia (Philippi et al., 2009; Oishi et al., 2015), may provide additional insight into insula hyperactivation.

Future research should also examine neural differences between misophonia and clinical controls during emotion regulation. The rich body of literature of neural underpinnings and plasticity of emotion regulation (Gross, 2013; Powers and LaBar, 2019) may provide important additional avenues for misophonia interventions. An additional important future direction is to examine the developmental trajectory of neural changes in misophonia. Imaging studies in misophonic children do not yet exist, and longitudinal examinations that show the trajectory of dysfunction over time are also lacking.

Neurostimulation can be a helpful tool in understanding causality and development. Therefore, paradigms that attempt to temporarily enhance insula activity and measure sensitivity to triggers in non-misophonic adults may answer questions about misophonic mechanisms. Temporarily altering the function of other brain regions related to misophonia could also provide future insight into the causality of these dysfunctions in relation to misophonia distress.

Last, but not least, misophonic triggers are context specific. In other words, the sound must elicit specific visual imagery, and must come from a specific set of people in order to trigger a misophonic reaction. Neuroimaging examinations that separate these different components of the trigger experience are also needed.




The neuroscience of overlapping disorders

Knowledge of neurological dysfunction that can be seen in comorbid conditions may broaden our understanding of the neurobiology of misophonia (see Table 2). We chose to focus this section of the review on psychiatric comorbidities, while acknowledging that there is much to learn from misophonia’s overlap with tinnitus, ASMR, or hyperacusis [see McGeoch and Rouw (2020) for an example]. Our review is restricted to psychiatric comorbidities because the solutions proposed for neuroscience-based interventions were primarily developed for psychiatric conditions. We focus on OCPD/OCD, mood disorders, ADHD, and PTSD because several papers have supported their co-occurrence with misophonia, and the rates of overlap appear to be over 10% (Cavanna and Seri, 2015; Quek et al., 2018; Rouw and Erfanian, 2018; Erfanian et al., 2019; Claiborn et al., 2020; Jager et al., 2020; Swedo et al., 2021). Other comorbidities may also occur and have relevance to the neurobiology of misophonia. Nevertheless, existing data either point to low co-occurrence [e.g., autism was reported by 3% of participants with misophonia in a large study (Claiborn et al., 2020)], or there needs to be replication to ascertain the relevance of a comorbidity to misophonia [e.g., for eating disorders (Erfanian et al., 2019)].


TABLE 2    Summary of alterations in brain regions that are relevant to misophonia in disorders who have been shown to have comorbidity with misophonia.
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Obsessive compulsive personality disorders/obsessive compulsive disorder

Much of the neural mechanisms and dysfunctions in OCPD are difficult to distinguish from OCD. OCD is characterized as a chronic compulsive disorder, while OCPD is a behavioral disorder defined by immoderate perfectionism (Gordon et al., 2013). Emerging examinations of OCPD neural dysfunction highlight altered activity during resting state in the bilateral caudate, left insula, and left medial SFG areas when compared to healthy controls (Lei et al., 2020). These findings highlight higher engagement in self-perception and future planning at rest, which may play into the perfectionistic tendencies seen in this disorder. OCPD patients also have decreased gray matter volume in the prefrontal, cingulate, and insular cortices (Reetz et al., 2008). The decreased gray matter volume of these areas most obviously affects decision-making and correlates with anxious tendencies such as avoidance behavior (Reetz et al., 2008). Furthermore, OCPD patients have decreased amygdala, hippocampus (Gurok et al., 2019), and OFC volumes, and higher volume in the thalamus (Atmaca et al., 2019), suggesting difficulties with memory, emotional processing, and conscious attention. An fMRI study showed greater functional connectivity within the precuneus, a region that controls memory retrieval and manipulation, in OCPD adults when compared to healthy controls (Coutinho et al., 2016). Thus, the neural dysfunction seen in OCPD does not overlap with any of the current findings of neural dysfunction in misophonia, although direct comparisons are warranted. Interestingly, OCPD is characterized by reduced amygdala volumes, with in misophonia amygdala volumes may be increased.

Similar to OCPD, meta-analytic findings in OCD highlight increased activation of the right caudate, putamen, and insula as well as decreased activation of the left OFC, caudate, and MCC when compared to controls (Yu et al., 2022). During resting state, it has also been found in patients with OCD that connectivity within the dmPFC-thalamus-caudate loop is decreased, while connectivity between the caudate and the superior and middle temporal gyrus, middle and inferior occipital gyrus, and SMA is increased (Chen et al., 2016). These neural findings have been associated with disruptions in processing during distress, dysfunctional memory formation, and impairments in cognitive and behavioral regulation. Increased activity in the insula (Schienle et al., 2005) and connectivity with the dmPFC was found as well (Beucke et al., 2014), highlighting the insula’s critical role in emotional processing and feelings of disgust often seen in OCD. Symptom provocation in OCD also shows hyperactivity in the left amygdala (Simon et al., 2014). Studies examining how patients with an OCD diagnosis learn from errors and inhibit behaviors show a hyperactive error processing mechanism and an impaired ability to engage in inhibitory control (Norman et al., 2019). These alterations have been connected with hyperactivity in the dACC, SMA, pre-SMA, right anterior insula, and anterior lateral PFC during error processing, and hypoactivity in the rACC, OFC, and right anterior insula during inhibitory control (Norman et al., 2019). Structural examinations find that patients with OCD have smaller gray matter volume in the ACC compared to controls, suggesting deficits with motor control and visuospatial function (Peng et al., 2012).

Unlike with OCPD, there is some overlap in neural dysfunction between OCD and misophonia. Specifically, hyperactivity in the insula and amygdala is seen during symptom provocation in both disorders as well as hyperconnectivity between the insula and frontal regions, although the specific aberrant connectivity is different between OCD (dmPFC-insula) and misophonia (vmPFC-insula). Hyperactivity in the ACC is found in both disorders, during trigger sound exposure in misophonia and while engaging in an error processing task in OCD. It would be interesting to examine whether exposure to disgust and fear, as well as error processing ’lead to hyperactivity in the insula in misophonia, like they do in OCD. In other networks, OCD and misophonia neuroimaging results diverge. For example, the function of the OFC shows impairment in OCD, while in misophonia the connectivity of the OFC seems to be primarily affected. During symptom provocation, the MCC is hyperactive in misophonia and hypoactive in OCD. Inhibitory control shows dysfunction in the ACC in OCD and the PCC in misophonia. The function of SMA is differentially affected in both disorders: in misophonia trigger sounds lead to SMA hyperactivity, while in OCD error processing tasks lead to SMA hypoactivity. The STC shows altered connectivity at rest in both disorders, but with very different brain regions. Therefore, misophonia is unlikely to be a variant of OCD given that the neuroscientific results point primarily to differences and not to overlapping patterns.



Mood disorders

There has been considerable effort to characterize neural dysfunction in mood disorders in the recent years. Summaries of this literature point to decreased activation in the dlPFC during exposure to negative stimuli and sustained activation in the amygdala in adults diagnosed with major depressive disorder (MDD) when compared to controls (Groenewold et al., 2013). Hyperactivation in the OFC when presented with positive stimuli and hyperactivity in the ACC (Groenewold et al., 2013) [particularly the subgenual ACC (sgACC)] (Gray et al., 2020) and insula when being exposed to negative stimuli (Groenewold et al., 2013) or when engaging in emotion regulation (Beauregard et al., 2006), are also markers of depression. Severity of depression and cognitive dysfunction has been associated with alterations in functional connectivity between the nucleus accumbens, the OFC, ACC, SMA, and caudate (Gong et al., 2017). Decreased thickness in the left premotor cortex is characteristic of depression, and indicative of a positive response to antidepressants 8 weeks later (Liu et al., 2021).

The markers of psychopathology in bipolar disorder are somewhat different. During emotional processing and regulation, those who meet criteria for bipolar disorder show hyperactivity in the amygdala, hypoactivity in the ventrolateral prefrontal cortex and OFC, and decreased connectivity between these regions when compared to healthy controls (Phillips and Swartz, 2014). Reduced insula and amygdala volumes may be a precursor for bipolar disorder (Bechdolf et al., 2012). Furthermore, during cognitive interference trials when compared to controls, bipolar adults evidence deactivation in the anterior insula and the ACC with altered connectivity with the DMN (Ellard et al., 2019). The hypoactivity in the dlPFC remains a consistent marker of both unipolar and bipolar mood disorders (Townsend and Altshuler, 2012). Structural studies find reduced gray matter volume in the right SMA in both MDD and bipolar adults when compared to clinical and non-clinical controls (Chang M. et al., 2018).

Just like with OCD, there is overlap between misophonia and mood disorders in the neural dysfunction seen during symptom provocation, which in mood disorders takes the form of exposure to negative emotional stimuli. In both groups, symptom provocation leads to hyperactivity in the amygdala and insula, as well as in the ACC. Interestingly, exposure to positive stimuli leads to hypoactivity in these regions, a phenomenon that would be interesting to test in misophonia also. The OFC and SMA function and connectivity are altered in both mood disorders and misophonia, but in very different ways, pointing toward divergence between these disorders. Emotion regulation tasks within mood disorders also lead to a pattern of aberrant function and connectivity, but have not yet been studied in misophonia. Thus, examinations of emotion regulation and positive emotional processing are warranted, although they are unlikely to alter the current conclusion that misophonia has a different neural signature than mood disorders.



Attention deficit and hyperactivity disorder

Meta-analyses of neuroimaging findings aimed to capture dysfunction in ADHD found decreased activity in the bilateral SFG and left dlPFC during working memory tasks as well as in the bilateral inferior frontal gyri, right SFG, and right dlPFC during response inhibition tasks (McCarthy et al., 2014). In addition, in tasks testing selective motor response inhibition, less activation in the left dlPFC and right caudate was found (McCarthy et al., 2014). The decreased activity in frontal regions correlate to behavioral symptoms of decreased working memory capacity, inhibitory control, self-regulation, and impulsivity control (McCarthy et al., 2014). Dysfunction in reward processing has also been connected to ADHD, specifically to hypoactivity in the OFC when compared to controls (Van Den Heuvel et al., 2005). Underperformance in the SMA and the basal ganglia during neurocognitive tasks, and poor deactivation in the DMN when switching to response inhibition have also been found to differentiate ADHD patients from controls (Albajara Sáenz et al., 2019).

Similar to other misophonia comorbidities, in ADHD when compared to controls, exposure to negative stimuli leads to higher activation in the insula (Vetter et al., 2018). In a rigorous analysis of over 140 participants, investigators concluded that the right anterior insula is likely the hub for altered emotion regulation function in ADHD young adults (Viering et al., 2021). Another study examined learning of fear cues in ADHD and found diminished activation in the dACC when unlearning an instructed fear cue as well as increased activation in the amygdala when being exposed to a neutral cue in the absence of fear instructions (Maier et al., 2014). The authors interpreted these findings as impairments in processing of verbally aversive information in ADHD. Unlike other comorbid disorders, dysfunction in motor areas has been associated with ADHD impairments. In one study, boys diagnosed with ADHD had reduced premotor cortex areas when compared to typically developing children (Dirlikov et al., 2015). Dysfunction in the premotor cortex was also evidenced by an fMRI study showing insufficient recruitment of this area when trying to suppress distractions (Vaidya et al., 2005). When attempting response inhibition children with an ADHD diagnosis recruited the right STC unlike comparison children, who recruited a front-striatal network for this task (Vaidya et al., 2005).

Alterations in the dlPFC function during response inhibition tasks as well as hyperactivity in the insula when presented with upsetting stimuli appear to be commonalities between misophonia and ADHD. The STC is hyperactive in misophonia during trigger sounds, and appears to be recruited as a compensatory mechanism to handle response inhibition in ADHD. These findings may point to overlapping mechanisms of these disorders, although a direct comparison is needed to examine this hypothesis. On the other hand, alterations in other brain regions appear to be very different between misophonia and ADHD. For example, difficulties ignoring distractors are connected to PMv hypoactivity in ADHD, while trigger sounds lead to PMv hyperactivity in misophonia. OFC function appears to be altered in ADHD at least in one domain, while in misophonia evidence primarily points toward dysfunctional connectivity. Thus, misophonia and ADHD are likely to be very distinct disorders.



Post-traumatic stress disorder

Post-traumatic stress disorder is a disorder that develops in a subset of children and adults who experience a traumatic event (Kessler et al., 2005). A review study conducted in 2016 summarized a decade’s worth of literature regarding the neurobiological basis for PTSD and concluded that the amygdala, the mPFC, and the hippocampus played important roles in the development and maintenance of this disorder (Shin et al., 2006). Specifically, this review concludes that patients with PTSD evidence a heightened amygdala responsivity during trauma exposure, which is positively associated with symptom severity. The mPFC is typically volumetrically smaller amongst patients with PTSD and is hypo-responsive during symptomatic states, with an inverse correlation to symptom severity (Shin et al., 2006). The insula may also have a critical role in PTSD. Resting state scans were used in one study to classify with 80% accuracy participants with PTSD versus non-clinical controls based on insula connectivity patterns (Harricharan et al., 2020). Structural studies also show that in patients with PTSD compared to controls, the premotor cortex (Rocha-Rego et al., 2012) insula (Kunimatsu et al., 2020), and hippocampus (Shin et al., 2006) have diminished volumes, with the hippocampus showing aberrant functional, and neuronal integrity (Shin et al., 2006). Newer findings also suggest diminished gray matter volume in the right dlPFC, OFC, and SMA in 30 females with PTSD based on childhood trauma versus controls (Thomaes et al., 2010).

When comparing the neural signature of misophonia and PTSD, similarities emerge in insula dysfunction. In resting state scans, participants with both misophonia and PTSD display PFC-insula hyperconnectivity. Furthermore, symptom provocation evidences hyperconnectivity between the insula and the amygdala as well as hyperactivity in the insula in both PTSD and misophonia. Nevertheless, PTSD seems to be characterized by reduced volumes in many of the structures of interest, a neural abnormality that has not been related to misophonia yet. Future studies should examine in more detail volumetric reductions in key brain regions in misophonia to further elucidate differences or similarities to PTSD. Furthermore, insula hyperactivity is not characteristic of PTSD dysfunction, but is characteristic of misophonia. Similarly, OFC dysfunction is characteristic of PTSD but not of misophonia. Thus, there appear to be several differences in PTSD and misophonia neural signatures to highlight the uniqueness of each disorder.



Summary

Taken together (see Table 2), these findings highlight that, while there is overlap in neural dysfunction in misophonia and comorbid disorders, no other disorder can fully explain the alterations seen in misophonia. Of all comorbid disorders discussed here, PTSD and OCD neural dysfunction come closest to misophonia, although the hallmark of these disorders are the amygdala and the OFC, not the insula. When tasks relevant to the disorder examined are employed (e.g., symptom provocation, exposure to negative stimuli, emotion regulation in mood disorders, planning in OCD, working memory in ADHD), across comorbid disorders and misophonia, hyperactivity in the insula, amygdala, ACC, and hypoactivity in the dlPFC can be found. Therefore, the hyperactivity in subcortical regions seen in misophonia may be related to aberrant processing of, or hypersensitivity to, negative emotions. Furthermore, in misophonia and beyond, the dlPFC may be a general marker of problematic allocation of resources to respond to challenging contexts.

Findings related to the OFC and the motor cortex appear to be unique to misophonia. The dysfunction seen in the OFC appears to vary depending on the disorder under investigation with a unifying theme across comorbid disorders of functional hypoactivity and hypoconnectivity when disorder-relevant tasks are employed. The pattern of hyperconnectivity with other frontal and premotor regions appears to be uniquely related to misophonia. Across comorbid disorders, there was little examination of the role of the premotor cortex in psychiatric presentations. While hyperactivity in both SMA and PMv was found in misophonia during symptom provocation, other disorders were characterized by either unremarkable performance in these regions or by hypoactivity. Taken together, these findings strongly suggest a unique neural signature for misophonia, supporting an independent problem in need of novel personalized solutions.




Neuroscience-informed interventions: brain stimulation

In order to most rapidly identify an intervention for misophonia, a disorder for which there is currently no consensus for an optimal treatment [see Aazh et al. (2019) for a review of evidence for cognitive-behavioral interventions], neuroscientific dysfunctions that are unique to this problem should be directly targeted and altered. Thus, translating findings from basic neuroscience studies into innovative therapies can be the quickest way to finding a cure for misophonia. Non-invasive neurostimulation (i.e., the purposeful modulation of neural circuitry) is a powerful tool that resulted in novel interventions for several treatment resistant conditions, such as treatment refractory MDD (Neacsiu and Lisanby, 2015), OCD (Trevizol et al., 2016), smoking (Maiti et al., 2017), and PTSD (Kan et al., 2020).

Initially, neurostimulation targeted cortical regions at the surface of the brain which were reachable by the generated e-Field (which generally has a 2-cm depth of penetration below the scalp; Deng et al., 2013). Nevertheless, research findings suggest that the effect of neurostimulation can be seen throughout entire networks. A recent systematic review of over 33 rTMS studies found that active rTMS induces significant changes in resting state functional connectivity in a variety of targeted networks (Beynel et al., 2020). Furthermore, functional and structural networks can then be used to alter connectivity and activity in subcortical structures, such as the insula (Addicott et al., 2019) amygdala (Baeken et al., 2010), or ACC (Vink et al., 2018). In this way, neurostimulation can be used to remediate dysfunctional brain circuits regardless of their location.


Overview of neurostimulation approaches

Because the brain is an electric organ, communications within neural networks may be altered with the use of magnetic and electric fields that induce brief activity in targeted brain cells. Magnetic stimulation relies on an electromagnetic coil, while electric stimulation passes direct current through the cortex in order to achieve neuromodulatory effects (Larrivee, 2020). In this section, we introduce several types of neurostimulation applications, focusing on those that have been successfully used in interventions for psychiatric disorders (see Table 3 for a summary).


TABLE 3    Overview, advantages, and risks of various neurostimulation techniques.
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Transcranial magnetic stimulation (TMS) employs rapidly alternating magnetic pulses that induce an electric current in the underlying cortex. It can be applied in single or repetitive pulses to either activate, enhance, or inhibit activation in a superficial neural target. The induced current depolarizes cortical neurons and alters the excitability of neural tissue (Neacsiu and Lisanby, 2015). High-frequency (HF; up to 20 Hz) rTMS has been associated with more excitability resulting in enhanced activity, and low frequency (≤1 Hz) with less excitability, and inhibited activity (Pascual-Leone et al., 1994; Chen et al., 1997; Neacsiu and Lisanby, 2015).

Repetitive TMS (rTMS) is the most traditional therapeutic application of brain stimulation (Neacsiu and Lisanby, 2015). It uses a figure-8 coil that is placed over a predetermined location of the head (called a target). The coil generates a magnetic field that induces electricity in the target by delivering magnetic pulses (or trains) on and off, at specific intervals inter-train intervals (ITI). An additional parameter important for rTMS is the motor threshold (MT). This parameter represents the lowest output of the rTMS machine needed to reliably elicit a motor movement when stimulating the motor area (i.e., the lowest output needed to reach the brain; Neacsiu and Lisanby, 2015). As an example, a typical rTMS treatment session for depression will contain 75 trains, each train being 4 s long, with an ITI of 26 s, delivered at 120% MT (Holtzheimer and McDonald, 2014). HF-rTMS has been FDA approved as a treatment for depression since 2008 (Holtzheimer and McDonald, 2014). Furthermore, HF-rTMS over the dlPFC and superior medial frontal cortex, has been found to significantly inhibit activity in the right insula (Li et al., 2017b; Chang D. et al., 2018). Therefore, rTMS is a successful approach to changing function in structures relevant to misophonia.

Deep transcranial magnetic stimulation (dTMS) aims to target “deeper” regions of the brain by using an H shaped coil pattern. This coil is inserted in a spherical helmet placed on the patient’s head. Generally, dTMS follows the same parameters as rTMS, with the difference being that dTMS is less precise in hitting its target. The FDA recently approved dTMS in conjunction with symptom provocation as a treatment for OCD in 2018 (Roth et al., 2021) and for smoking cessation in 2020 (Young et al., 2021). DTMS has also been employed in the treatment of PTSD (Isserles et al., 2021) and has evidence of successful use in interventions to target both cortical and subcortical structures (Beynel et al., 2021; Roth et al., 2021).

Intermittent theta burst stimulation (iTBS) is also delivered via a figure-8 coil, using triple pulses at a higher frequency to deliver unique, high-energy frequency of stimulation. The same effect that rTMS achieves with 75 trains, can be achieved with only 20 trains of iTBS, each train lasting 2 s, 8 s ITI. Therefore, iTBS session can be completed in about 3 min versus rTMS sessions which take 35–40 min (Pabst et al., 2022). Given that the majority of currently approved treatment protocols include 20–30 sessions [for depression for example (Sonmez et al., 2019)], iTBS can save significant time for patients. Recently, an iTBS protocol has obtained approval for treatment-resistant depression intervention (Blumberger et al., 2018). TBS has also been used successfully to alter amygdala activity via its connectivity with the STS (Pitcher et al., 2017), highlighting that this approach can successfully alter cortical and subcortical brain structures, including areas indicated in misophonia.

Transcranial direct current stimulation (tDCS) is an alternative type of brain stimulation that uses direct electrical currents to stimulate a specific brain network. A constant small current (1–2.5 mA) passes through two electrodes placed over the head in order to modulate neuronal activity. Anodal stimulation acts to excite the network it targets while cathodal stimulation reduces neuronal activity (Fregni et al., 2015). TDCS has not yet been cleared by the FDA in the treatment of psychiatric disorders because mechanisms through which tDCS operates need to be better understood (Fregni et al., 2015). Nevertheless, it is widely researched for its therapeutic applications, because of the low cost and ease to administer. TDCS interventions are thought to be probably efficacious for non-drug resistant depression (Lefaucheur et al., 2017), currently unsuccessful with tinnitus (positive response for 15% of 602 participants across six studies; Santos et al., 2018), and potentially relevant for remediating aberrant amygdala hyperactivity (Ironside et al., 2019).

Neurostimulation interventions have primarily been developed and successful for adults with psychiatric disorders who did not respond to other treatments. Meta-analyses of therapeutic applications within these samples find effect sizes that are small-to-moderate when compared to placebo (Neacsiu and Lisanby, 2015). Findings suggest that these effect sizes could be improved by using connectivity-driven targeting (Fox et al., 2012; Opitz et al., 2016; Fox, 2018), neuroimaging and neuro-navigation (Neacsiu and Lisanby, 2015; Beynel et al., 2019) and employing electric field (E-field) modeling (Bungert et al., 2017; Opitz et al., 2016). In addition, fusing neuromodulation with behavioral practice (Tsagaris et al., 2016) can enhance efficacy. For example, combining HF-rTMS with active emotion regulation practice yields behavioral improvements in emotion regulation up to a week after a single session when compared to emotion regulation practice alone in transdiagnostic clinical adults (Neacsiu et al., 2022b,a). In addition, combinations of rTMS with 16–20 sessions of psychotherapy demonstrate feasibility (Neacsiu et al., 2018), with enhanced effects over psychotherapy alone (Kozel et al., 2018), or over cognitive training alone (Cunningham et al., 2015).

Both researchers and consumers should be aware of the potential risks involved with neurostimulation. The most severe, but rare, risk is for seizure, which in prior studies occurred in about 0.2% of research subjects (Rossi et al., 2021). The most common side effects are headaches or muscle tension which can occur in up to 30% of those receiving neurostimulation, depending on the protocol and target (Rossi et al., 2009). Discomfort at the site of neurostimulation during the procedure can happen in up to 40% of patients (Rossi et al., 2009). Nevertheless, less than 2% of research participants quit because of pain and discomfort, and the majority of participants experienced habituation to this discomfort over time (Rossi et al., 2009). Other, less common, side effects are temporary changes in mood, dizziness, and hearing impairment. ’Another potential risk is that compensatory rather than dysfunctional networks may be impacted by this particular treatment. Several guidelines have been established to guide development and application of neurostimulation interventions in order to maximize safety (Rossi et al., 2009, Rossi et al., 2021).

In addition to risks, it is important to highlight that there continue to be many unknowns with regards to this technology. There is limited data on the long-term effects of neurostimulation interventions (Marangell et al., 2007) and the parameter space (frequency, intensity, coil positioning, and orientation; Beynel et al., 2019). Furthermore, the exact mechanism through which neurostimulation changes psychopathology in the brain is still unknown (Bestmann and Feredoes, 2013). Other types of neurostimulation exist, such as transcranial photobiomodulation, alternating current stimulation, or focused ultrasound. While these technologies can also offer promise to treatments in general, they will not be discussed in this review because of their limited existing evidence for broad therapeutic effects in psychiatric disorders. Therefore, researchers and clinicians interested in neurostimulation approaches should continue to follow the literature for best practices and new approaches to increase safety and efficacy.



Neurostimulation as a treatment for misophonia: design considerations

A neurostimulation treatment for misophonia could be constructed through several avenues. On the one hand, based on resting state misophonia findings, one could develop a neurostimulation intervention that attempts to reduce hyperconnectivity between IFC-TPJ (Eijsker et al., 2021b), PMv-insula, or other such hyperactive circuits (Kumar et al., 2021). In order to reduce hyperconnectivity, inhibitory neurostimulation may be attempted as a first choice of intervention. Existing studies highlight that inhibitory neurostimulation can be successfully applied over the TPJ (Powers et al., 2020a) and the PMv (Tremblay et al., 2012). To enhance the efficacy of neurostimulation, resting state functional imaging data should be collected prior to treatment administration in order to identify the regions within the TPJ and the PMv that are connected to IFC and the insula, respectively. These regions should then be exposed to repetitive inhibitory neurostimulation using either rTMS or continuous TBS (Huang et al., 2005). Accelerated neurostimulation (Baeken, 2019), or several consecutive sessions should be examined to determine the optimal amount of neurostimulation to elicit changes in misophonia.

On the other hand, given the therapeutic synergy between behavioral and neuromodulatory interventions, one could alter context either before or during neuromodulation. One approach would be to expose participants to misophonic triggers before administering neurostimulation, similar to the FDA approved paradigm for OCD using dTMS (Roth et al., 2021). The rationale behind the “symptom provocation” is that it activates the circuitry involved in misophonia leaving these networks more amenable to change. This provocation could be followed with excitatory neurostimulation targeted toward regions that downregulate the amygdala, the insula, or the ACC (such as the dlPFC or MPFC), as well as inhibitory neurostimulation over regions like the SMA, PMv, STG, or vmPFC. An alternative approach would be to expose participants to trigger sounds during neurostimulation. Options for brain stimulation while sounds are being played would be similar as previously described (e.g., excitatory over dlPFC/mPFC, or inhibitory over SMA/PMv/vmPFC/STG).

An additional option, following research in emotion regulation (Neacsiu et al., 2022a), would be to coach the use of an emotion regulation skill [e.g., distancing (Powers and LaBar, 2019)] while misophonic triggers are presented. Excitatory neurostimulation could then be concurrently administered over a node of the emotion regulation network (e.g., the dlPFC). Alternatively, inhibitory neurostimulation could be administered concurrently over a hyperactive area in misophonia (e.g., SMA). Yet another option could be to enhance dlPFC or SMFG activation using HF-rTMS during a stop signal task, to correct differences from healthy subjects found in misophonia (Eijsker et al., 2019).

While regions like the dlPFC or mPFC are mentioned several times as options for stimulation, the specific target within the dlPFC/mPFC might vary depending on the rationale for its selection. For low resource approaches, the structural dlPFC could be identified using the beam method (Beam et al., 2009), a targeting approach that uses scalp measurements to identify the optimal stimulation spot. A more precise approach would involve neuroimaging, either structural, to identify regions with more anatomic specificity, or functional, to identify specific dysfunctional networks that may be candidates for neurostimulation. For example, one might expose participants to trigger versus neutral sounds in the scanner. Using neuroimaging analysis software, the next step would be to compute a contrast in activation between these two different auditory experiences. For surface targets, the region with the highest activation within the vmPFC or within the PMv within this contrast could be extracted. For connectivity targets, the highest activation within the amygdala, insula, or ACC could be extracted, followed by an analyses to help identify a surface region with functional connectivity to one of these subcortical regions of specific activity.

Similar approaches have been successfully used in other disorders. For example, in adolescents with MDD, decreased amygdala volumes were normalized using HF-rTMS to the left dlPFC (Seewoo et al., 2022). Furthermore, HF rTMS to the dlPFC was found to significantly increase ACC activity (Tremblay et al., 2012), and resting state left dlPFC – ACC connectivity (Huang et al., 2005), and decrease right insula activity (Li et al., 2017a). In MDD and PTSD patients, 5 Hz TMS to the dlPFC was also found to reduce the problematic hyperconnectivity between the sgACC, the insula and the DMN (Philip et al., 2018). In borderline personality disorder, HF-rTMS over the right dlPFC yielded a decrease in connections between the amygdala/insula and precuneus, PCC, and parietal lobules (Sverak et al., 2021). Similarly, tDCS over the left dlPFC led to increased long-term cerebral blood flow to the ACC (Jog et al., 2021), and reduced activation of the amygdala (Ironside et al., 2019). Therefore, the dlPFC is a successful target for changing activity and connectivity of subcortical structures such as the insula and the ACC. These changes occur independent of the type of targeting employed, although more precise, connectivity-driven targeting is likely to have a more powerful effect than anatomically driven targeting (Neacsiu et al., 2018).

Different regions of the mPFC and TPJ have also been targeted successfully with documented downstream effects. For the treatment of OCD, after rTMS to the right OFC, PET scans revealed decreased metabolism in the ACC (Nauczyciel et al., 2014), implying deactivation in this region. Furthermore, 5 Hz rTMS over the mPFC led to an increase in functional connectivity between the mPFC and amygdala (Beynel et al., 2021). In MDD adults, HF rTMS over the dmPFC led to reduced dmPFC – insula and sgACC-caudate connectivity (Salomons et al., 2014). TDCS between the left TPJ and left PFC reduced TPJ-insula and TPJ-SMA functional connectivity in schizophrenia patients (Mondino et al., 2016) and in non-clinical adults (Dalong et al., 2021). Taken together, these studies offer insight into the feasibility and initial parameter set up necessary to engage other cortical targets in neurostimulation intervention.

Researchers are encouraged to examine the efficacy and optimal parameters necessary for misophonia interventions that utilize neurostimulation alone, or in conjunction with a behavioral intervention (see Table 4 for examples of the parameters to use.). It is important to highlight that the possible avenues for intervention presented in this paper are by no means exhaustive. Researchers should continue to examine the therapeutic potential of altering other circuits and brain regions as new theoretical findings and refined hypotheses emerge.


TABLE 4    Examples of specific parameters that are based on research findings or other protocols where similar goals (e.g., reducing hyperconnectivity) were accomplished for different types of neurostimulation discussed in this review.
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In conclusion, a novel neurostimulation intervention could be an effective way to help sufferers. For example, rTMS clinics are available in all 50 states, and over 250 million Americans have insurance plans that cover this approach to treatment (Neurostar, 2021). TDCS equipment is affordable and accessible, which has led to exciting innovations in administering tDCS interventions remotely, by sending devices at home and teaching patients how to independently use them (Charvet et al., 2015; Hordacre, 2018). In addition, TBS is emerging as the most efficient way to administer neurostimulation in a very short amount of time, allowing for massed sessions (Chung et al., 2016; Pabst et al., 2022). Furthermore, the funding for neurostimulation is skyrocketing, with hundreds of millions of dollars being raised worldwide to fund technology advancements (Albert, 2020). In short, neurostimulation is becoming the frontier for developing novel treatments worldwide and misophonia treatment research should harness this enthusiasm.
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Misophonia is a disorder generally characterised by a decreased tolerance to everyday sounds. Although research is increasing in misophonia, a cross-cultural validation of a psychometric tool for measuring misophonia has not been evaluated. This study investigated the validity of the S-Five multidimensional model of the misophonic experience in a sample of Chinese participants. The S-Five was translated in a forward-backward method to Mandarin to establish a satisfactory translation. The translation was also independently back translated to English, with no significant differences when compared to the original S-Five. Through exploratory factor analysis, using responses from 256 Chinese individuals, the five dimensions (internalising appraisals, externalising appraisals, perceived threat and avoidance behaviour, outbursts, and impact on functioning) were replicated, indicating the cross-cultural uniformity of the experience of misophonia as captured by the S-Five. That is, current results point to the stability of the manifestation of misophonia across cultures, seen here for the first time in the literature. By design, the S-Five items were developed to reflect sound sensitivities in a manner that is not specific or matching to individuals of a certain age, gender, ethnicity, nationality, socio-economic status, and educational level. Testimonial to this fact is not only the replication of the five factors, but also the replication of the evidence towards satisfactory psychometric properties (reliability and validity) of the scale. Based on the results of this study, the S-Five is a psychometrically robust tool to be used within the Chinese population.

Keywords: misophonia, S-Five, China, Mandarin, psychometrics


INTRODUCTION

Misophonia is characterised by decreased tolerance to everyday sounds (Jastreboff and Jastreboff, 2001) and, by consensus, is recognised as a disorder (Swedo et al., 2021). Trigger sounds have been identified to broadly cluster into the three groups of eating sounds, nose/throat sounds and environmental sounds (Vitoratou et al., 2021a), with decreased sound tolerance to eating sounds appearing to be at the centre of the disorder (Jager et al., 2020; Swedo et al., 2021; Vitoratou et al., 2021a). Reactions and responses to sounds experienced in misophonia are varied and include emotional, physiological, and behavioural responses. It has been commonly reported that primary feelings such as anger and disgust are experienced (Edelstein et al., 2013; Schröder et al., 2013; Kumar et al., 2017; Jager et al., 2020), alongside unpleasant physiological changes, including an increased heart rate, muscle tension, pain and sweating (Edelstein et al., 2013; Johnson et al., 2013). Misophonia can have a significant impact on a person’s social and occupational functioning (Schröder et al., 2013; Rouw and Erfanian, 2018). Avoidance behaviours, social withdrawal (Johnson et al., 2013; Schneider and Arch, 2015; Hocaoglu, 2018; Muller et al., 2018; Singer, 2018; Alekri and Al Saif, 2019) and, for some, aggression (Reid et al., 2016; Hocaoglu, 2018; Alekri and Al Saif, 2019; Jager et al., 2020) are also frequently reported.

There is currently limited literature available on misophonia outside of western cultures. Two studies have evaluated the symptoms and clinical correlates of misophonia within Asian cultures. One study investigated the disorder within Chinese undergraduate students (Zhou et al., 2017) and another within Singaporean psychiatric patients (Quek et al., 2018). Zhou et al. (2017) found that 6% of respondents reported clinically significant levels of misophonia, with 17% endorsing a sensitivity (selecting “often” or “always” on the rating scale) to eating sounds, 18% to nasal sounds and 13% to environmental sounds. This study used the Misophonia Questionnaire (MQ; Wu et al., 2014), which has not undergone a full psychometric analysis. The MQ contains two factors: sensitivity to sounds compared to other people, as well as emotional and behavioural responses to those sounds. It does not capture some of the other aspects of misophonia reported in the literature, such as loss of control (Jager et al., 2020) and appraisals of oneself (Rouw and Erfanian, 2018) and of others (Edelstein et al., 2013).

Another questionnaire, MisoQuest (Siepsiak et al., 2020), was developed to assess the presence or absence of misophonia, based on the misophonia diagnostic criteria proposed by Schröder et al. (2013). It contains 14 items and measures misophonia from reactions to specific sounds, occurrence of emotions, controlling emotional reactions, attitudes toward reactions, avoidance, and daily dysfunction. MisoQuest has shown satisfactory psychometric properties but is not designed to capture severity of misophonic traits. The Duke Misophonia Questionnaire (DMQ; Rosenthal et al., 2021) was developed as a tool for assessing the complexities in symptom severity, impairment to functioning and coping mechanisms in misophonia. Composite scores can be calculated separately for symptoms and coping, rather than an overall score for misophonia severity, drawn from all subscale scores.

The S-Five tool, for measuring the latent trait of misophonia severity, was developed in large study (n = 828) initiated in English-speaking individuals who identify with the condition (Vitoratou et al., 2021b). Four waves of sampling, more than 80 initial items and several thousand of responses, concluded with a 25-item scale which reflects five dimensions of the misophonic experience, with excellent psychometric properties. The five factors that emerged were: emotional threat (sense of feeling trapped or helpless if unable to get away from sounds), internalising appraisals (tendency to see oneself as a bad or angry person for reacting to sounds) externalising appraisals (tendency to blame the person for making the sound), outbursts (fear of having, or actually displaying, aggressive outburst) and impact (current and future limitations in life from misophonia). The factor structure was subsequently replicated in a large sample (n = 772), representative of the UK population (Vitoratou et al., 2022). Individuals who identified with having misophonia had higher mean scores for threat factor than other factors (Vitoratou et al., 2021b). Meanwhile, in the general population, externalising appraisals was the factor most highly endorsed (Vitoratou et al., 2022). Within both populations, the S-Five subscales had an alpha of a least 0.83 (Vitoratou et al., 2021b, 2022). In both studies, misophonia severity was associated with increased symptoms of depression and anxiety.

The S-Five has a supplementary trigger checklist, capturing the nature and intensity of the emotional response to sounds (Vitoratou et al., 2021b, 2022), in a flexible format which allows modifications of the trigger sounds list and the response types, to accommodate advances made in the literature of misophonia research. Loud eating was the sound rated with the highest intensity of negative reaction in both the UK general population (Vitoratou et al., 2022) and by individuals identifying with having the condition (Vitoratou et al., 2021b).

The current study aimed to evaluate the five-factor model of the experience of misophonia in a non-clinical Chinese sample using the S-Five translated into Mandarin. We aimed to test the cross-cultural robustness of the five dimensions of the S-Five, evaluate the measurement invariance with regards to age and gender, examine the reliability (consistency and stability) and concurrent validity. We hypothesised that symptoms of depression and anxiety would be positively associated with symptoms of misophonia. With respect to trigger sounds, we hypothesised that loud chewing would be rated as causing the most intense negative reaction.



MATERIALS AND METHODS


Recruitment

Inclusion criteria followed being aged 18 years and over and fluent in Mandarin. Exclusion criteria were the presence of a severe learning or intellectual disability, as per self-disclosure of such a disability. A participants’ information sheet was available at the beginning of the survey and consent was granted before completing the questionnaires online (ethics approval reference RESCM-19/20–11,826).

Recruitment was done using a snowball sampling technique via social media in China (Wechat Moment, Weibo & Douban), as well as via Twitter, Reddit, and the Fortnightly Recruitment Circular at King’s College London. Data collection took part between January and September 2021, including the retest study. Participants who finished the S-Five 25-item measurement scale were offered a chance to win an e-voucher at the end of the survey.

Retest data were collected between two and four weeks of an individual’s first assessment. The opportunity to take part in the retest study was presented at the end of the survey, to which participants were directed to a separate survey to enter their email addresses, to maintain anonymity. A total of 48 participants received the test–retest survey link via email and those that completed the survey were offered the chance to win an e-voucher again.

The e-voucher, in both surveys, was for an online video membership worth ¥130 (~£15), and SPSS random selection was used for establishing those who won. Those who partially completed the surveys were not offered the chance to win the e-voucher.



Measures

The online survey included demographic questions, such as age, gender, ethnicity, education level, occupation, country of birth, and countries of residence in both past and present. The survey also asked whether the individual had any formal diagnoses on mental health conditions (including mood, anxiety, psychotic, personality, trauma, eating and substance abuse disorders), audiological conditions (e.g., tinnitus) and neurodevelopmental conditions (e.g., autism). Participants were asked whether they were aware of the term misophonia and whether they identified as having misophonia. Attention check questions have been used throughout the survey to ensure the quality of responses (e.g., Please slide the bar to option ‘2’ for us to ensure the validity of the responses). Responses which did not meet the requirement of the attention check questions or failed to respond to more than 3 of the 25 S-Five items were removed to ensure engagement with the study (n = 60). The following self-report questionnaires were also included.


Selective Sound Sensitivity Syndrome Scale

The Selective Sound Sensitivity Syndrome Scale (S-Five) is a 25-item measurement scale which assess the severity of misophonia (Vitoratou et al., 2021b). Each item is rated on an 11-point scale from 0 (not at all true) to 10 (completely true). The items are presented in the appendix in both English and Mandarin.

The S-Five trigger checklist (S-Five-T; see appendix for the English and Mandarin versions) was designed to capture the nature and intensity of a range of trigger sounds. The S-Five-T is flexible by design, in that it allows for adjustment of the number of triggers used. The current study used the 37 trigger sounds presented in the original validation study for the S-Five (Vitoratou et al., 2021b). The original options for emotional reactions were also used (no feeling, irritation, distress, disgust, anger, panic, other feeling: negative, and other feeling: positive). Respondents select their main emotional reaction to each trigger item and then rate the intensity (henceforth trigger intensity) of that reaction, from 0 (does not bother me at all) to 10 (unbearable/causes suffering). Four indices can be computed: (1) the trigger count (TC), which is the total number of triggers endorsed (i.e., where a negative reaction is selected) by a respondent (takes values from 0 to 37 in the current list), (2) the reaction count (RC), the number of times each particular reaction type is endorsed, counted across triggers in a single respondent (takes values from 0 to 37 in the current list), (3) the frequency/intensity of reactions score (FIRS) is the total value of the intensity items of all endorsed triggers (takes values from 0 to 370 in the current list), and (4) the relative intensity of reactions score (RIRS) which gives an estimate of the intensity of reactions to triggers, relative to the number of triggers reported (takes values from 0 to 100 in the current list). It is computed by dividing the FIRS index by the TC index. The S-Five and S-Five-T were translated by the research team for use in the present study.



Amsterdam Misophonia Scale

The Amsterdam Misophonia Scale (A-MISO-S) is a 6-item measure of misophonia adapted from a clinician-rated tool, the Yale-Brown Obsessive–Compulsive Scale (YBOCS; Goodman et al., 1989; Schröder et al., 2013). Although it was designed as a clinician-rated tool, for the purposes of this study we administered it as a self-report measurement tool. The questions ask about misophonia in relation to time occupied, impact on functioning, level of distress, resistance of sounds, perceived control, and avoidance behaviour. The A-MISO-S, translated by the research team, had an alpha of 0.79 and an omega of 0.81 in this study.



Misophonia Questionnaire

The Misophonia Questionnaire (MQ) is a three-part self-report measure for misophonia (Wu et al., 2014). The Misophonia Symptoms Scale (MSYS; α = 0.70 and ω = 0.90) asks respondents to compare their sensitivity to specific triggers with others’ responses and the Misophonia Emotions and Behaviours Scale (MEBS; α = 0.89 and ω = 0.90) measures an individual’s responses to trigger sounds. The two subscales are combined to create the MQ total score. The Misophonia Severity Scale is a single item question, adapted from the NIMH Global Obsessive–Compulsive Scale (NIMH GOCS; Murphy et al., 1982), asking individuals to rate the severity of their sound sensitivity on a scale from 1 (minimal) to 15 (very severe), with a score greater than or equal to 7 said to indicate clinically significant symptoms. The MQ was translated by the research team for use in this study.



Patient Health Questionnaire-9

The Patient Health Questionnaire-9 (PHQ-9) was used to measure symptoms of depression (Kroenke et al., 2001). Items are rated on a 4-point ordinal scale, with a total score range of 0 to 27. We used a Mandarin version that has been validated in Chinese populations (Yeung et al., 2008). The reliability coefficients of PHQ-9 were α = 0.89 and ω = 0.89.



General Anxiety Disorder-7

The General Anxiety Disorder-7 (GAD-7) measures severity of anxiety symptoms (Spitzer et al., 2006). Each item is rated on a 4-point ordinal scale, with a total score ranging from 0 to 21. We used a Mandarin version that has been validated within Chinese populations (He et al., 2010). In this study, the GAD-7 had an α of 0.91 and ω of 0.92.




Translation

The S-Five, developed in English, was translated into Mandarin for use in the Chinese population and then back-translated into English. Two authors (JW and QW), fluent in English and Mandarin, separately translated the S-Five, and the two versions were compared and revised accordingly. The co-adjusted version was translated back to English by a native Mandarin speaker, fluent in English. The back-translated version of the S-Five was compared to the original English version of the S-Five and a second co-adjusted version was produced. This version was again translated to English by the native Mandarin speaker. There were no significant differences between the final version of the translated S-Five and the original S-Five. Using the same method, the A-MISO-S and the MQ were translated to Mandarin for use in this study (please contact first author for the translated versions).



Statistical Analysis

The latent structure of the S-Five was evaluated using exploratory factor analysis (EFA). The suitability of the data for use in factor analysis was first assessed using the anti-image correlations and the corresponding Kaiser-Meyer-Olkin (KMO) test for sampling adequacy (Kaiser, 1960; Kaiser and Rice, 1974) and Bartlett (1951) test of sphericity.

The factor extraction method implemented was maximum likelihood with robust standard errors in Mplus (MLR; Muthen and Muthén, 1998) due to skewness in the data, and the factors were allowed to correlate using the Oblimin rotation. Two criteria, based upon eigenvalues, were followed for identifying the number of factors to retain. First, the Guttman-Kaiser criterion (Guttman, 1954; Kaiser, 1960) suggests retaining about as many factors as the number of eigenvalues above 1 (factor variances) in the sample covariance matrix. Second, the parallel analysis criterion (Horn, 1965) compares the number of sample eigenvalues to those produced by 1,000 set of randomly simulated data, with the same number of observations and number of factors. The number of factors to retain is identified by the number of sample eigenvalues larger than the simulated data eigenvalues. Parallel analysis was carried out in Mplus under MLR estimator (Muthen and Muthén, 1998), the parallel analysis average eigenvalues and 95th percentile parallel analysis eigenvalues. The eigenvalues computed using the sample correlation matrix and the parallel analysis simulated data are presented graphically using Cattell (1966) scree plot.

Absolute and relative goodness of fit indices were used to evaluate the fit of the EFA suggested models. The indices reported and the criteria followed were the relative chi-square (relative 𝜒2: values close to 2 suggest a close fit; Hoelter, 1983), the Root Mean Square Error of Approximation (RMSEA: values <0.05 are required for close fit; Hu and Bentler, 1999), the Tucker-Lewis Index (TLI: values >0.95 suggest close fit; Bentler and Bonett, 1980), the Comparative Fit Index (CFI: values >0.95 are required for a close fit; Hu and Bentler, 1999) and the Standardized Root Mean Residual (SRMR: values <0.08 are needed for a good fit; Hooper et al., 2008). Model selection criteria were also considered, namely Akaike’s Information Criteria (AIC; Akaike, 1974) and Bayesian Information Criteria (BIC; Schwarz, 1978) were reported, for which a lower value indicates a better model.

The multiple indicator multiple causes model (MIMIC; Joreskog and Goldberger, 1975; Muthén, 1979) was used to assess measurement invariance in relation to gender and age. An item was considered measurement non-invariant when the effect of the exogenous variable (age or gender) on the item directly (hereafter direct effect or de) was statistically significant. The MIMIC model was preferred in this study to allow for testing the measurement invariance of the S-Five items in relation to gender and age, each adjusted (controlled) for the other. Cohen’s d (Cohen, 1988) was used for the effect sizes (small, medium, and large effects correspond to d = 0.2, 0.5, and 0.8, respectively).

The internal consistency of S-Five factors was evaluated by Cronbach (1951) alpha and McDonald (1999) Omega, for which values of α and ω >0.7 suggest satisfactory internal consistency. The alpha if item deleted and the item-total correlations (ITC), for which values between 0.3 and 0.8 were considered acceptable (Nunnally and Bernstein, 1994).

The test re-test reliability was evaluated, at item and factor level, by the intraclass correlations coefficient (ICC: two-way mixed effects with absolute agreement; Shrout and Fleiss, 1979) and the Psi Non-Parametric Concordance Coefficient (Psi; Kuiper and Hoogenboezem, 2019). The Psi coefficient value represents the probability that a value randomly drawn from the data matrix will fall outside of the difference between the measurement scores at each time point (Rothery, 1979). For acceptable test–retest reliability, values above 0.75 for both coefficients were expected, according to Koo and Li (2016).

Convergent and concurrent validity were established through correlating the S-Five with the two other measurements scales for misophonia (MQ and A-MISO-S). Discriminant validity was established by correlating the S-Five with the GAD-7 and PHQ-9. Hypothesis testing was carried out, with respect to linear relationships between the S-Five and age, and gender differences in S-Five scores.

The statistical software of Stata 16 (StataCorp, 2019), Mplus 8 (Muthen and Muthén, 1998) and R (R Core Team, 2020) were used to carry out the analysis.




RESULTS


Descriptive Indices

The sample (n = 256) consisted of 186 females (71%) and 66 males (25%), with a mean age of 25 years (sd = 6.5; n = 251) which did not differ across genders (p > 0.05). Missing data was low. For instance, missingness for age was 2% (n = 4) and 1% (n = 3) for gender. Where missingness was present in the variables used in the analysis. Listwise deletion was used, thus sample sizes vary.

The majority of the sample, 154 people (60%), had completed an undergraduate degree and 161 (63%) were students at the time of completing the study. Most (88%) of participants were Han, the rest were from minority ethnic groups, including Uygur, Yi, Manchu, Tujia, Zhuang, Bai and Mongolian. All participants were born in China and lived there at the time of completing the survey.

With respect to reported mental health and audiological conditions, the most often reported were depression (5%), social anxiety (4%) and tinnitus (4%). In terms of misophonia, 85 participants (33%) stated they were aware of the term misophonia and 41 (16%) identified as having misophonia. Autonomous sensory meridian response (ASMR) was experienced by 42% of the sample and synaesthesia by 25% (28% were unsure).

The retest sample (n = 34) included 4 males (11.8%) and 30 females (88.2%), with an age range of 19 to 36 years old (mean = 23.5, sd = 3.44).



S-Five Statements


Statement Responses

The descriptive indices of the 25 S-Five statements are presented in Table 1. The items more widely endorsed (higher mean/median) were those related to the externalising and threat factors. None of the items correlated significantly with age but there were score differences with respect to gender (Table 1). Interestingly, none of the items referring to the externalising and threat items factors differed across genders, while males scored significantly higher than females in almost all other items.



TABLE 1. Descriptive indices, associations with age and gender, factor analysis loadings to factors, and reliability indices of the 25 S-Five items (N = 225).
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Dimensionality and Measurement Invariance

First, we established that the sample correlation matrix suggested the existence of latent vectors. The anti-image correlations were above 0.88 for all statements, the KMO was 0.94, and Bartlett’s test was significant (χ2 = 13,773,1, df = 300, p < 0.001). We therefore proceeded with exploratory factor analysis.

The sample correlation matrix emerged five eigenvalues above 1 (12.1, 3.2, 1.5, 1.3, and 1.1) and hence the Kaiser-Guttman criterion points towards a five-factor structure, explaining 73% of the total variance. Parallel analysis, on the other hand, indicated that three factors should be extracted, as is depicted in the scree plot in Figure 1. The goodness-of-fit examination suggested that the three-factor model however did not fit the data adequately [rel χ2 = 4.3; RMSEA = 0.1 with 90% (0.107, 0.122), TLI = 0.81, CFI = 0.86, SRMR = 0.051, AIC: 27491.6, BIC: 27923.6]. The goodness-of-fit was improved for the four-factor model [rel χ2 = 3.02; RMSEA = 0.09 with 90% (0.081, 0.197), TLI = 0.89, CFI = 0.92, SRMR = 0.036, AIC: 27169.3, BIC: 27679.3], but close fit was only achieved in the 5 factor models [rel χ2 = 2.01; RMSEA = 0.063 with 90% (0.054, 0.072), TLI = 0.94, CFI = 0.97, SRMR = 0.020, AIC: 26960.8, BIC: 27545.1]. Increasing the factors to six led to a sixth factor with no loading larger than 0.3 (overfitting). Therefore, the five-factor solution was accepted in our data. The five factor solution loadings are presented in Table 2 (see appendix A3 for the full pattern matrix) and the assignment of the items to factors coincides completely with the original model found by Vitoratou et al. (2021b).

[image: Figure 1]

FIGURE 1. Scree plot of observed and simulated data (Parallel analysis).




TABLE 2. Norms and reliability of the S-Five 5 factors and total scores (N = 255).
[image: Table2]

We proceeded with the evaluation of the measurement invariance of the tool with respect to gender and age using the MIMIC model. Adjusted for gender and the five latent dimensions, only one item was found to be non-invariant with respect to age, namely item I02 (‘If I cannot get away from certain noises, I am afraid I might panic or feel like I’ll explode’), being less endorsed on average as age increases (de = −0.04, p = 0.027). The direct effect was however very small (0.04 units on a scale of 0 to 10, for each additional year in age, that is 0.4 units between decades, Cohen’s d = −0.0043) and can be considered negligible. With respect to gender, men tend to endorse more often the same item (I02) compared to women of the same age and latent positions (de = −0.65, p = 0.015, Cohen’s d = −0.065). Finally, women tend to endorse more the item I08 (‘the way I react to certain noises makes me feel like I must be an unlikable person deep down’) compared to men of the same age and latent positions (de = 0.55, p = 0.019, Cohen’s d = −0.06). In all cases the effects were less than half a unit on an 11-unit rating scale, and as only two effects were identified in the case of gender and one in the case of age, it is reasonable to conclude that the S-Five scores are effectively measurement invariant with respect to those factors and therefore the assessment of structural invariance (factor score differences) is reasonably justified.




S-Five Scores: Reliability and Validity

None of the S-Five factor scores were correlated with age in our sample (Table 2). While there were no gender differences in the scores of the externalising and threat factors, in all other factors men scored significantly higher than women.

With respect to internal consistency, alpha and omega were satisfactory within all factors (0.88 or higher; Table 2), while test–retest reliability was also satisfactory with ICC being larger than 0.86 for all S-Five scores.

Table 3 presents the correlations of the S-Five factor scores and total score with several measurement scales, namely, two misophonia scales (MQ and A-MISO-S), PHQ-9 and GAD-7. Evidence of convergent validity is demonstrated by moderately strong correlations between the S-Five total score and the MQ and A-MISO-R. With respect to the PHQ-9 and GAD-7, low to moderate positive correlations with the S-Five factors and total score were found. Intercorrelations between the S-Five factors ranged from 0.3 to 0.7 and, as expected moderate to strong correlations were identified (Table 3). Additional evidence of discriminative validity was demonstrated by a significantly higher score on all S-Five factors and S-Five total score for those self-identifying as having misophonia compared to those who did not self-identify as (for instance, S-Five total (n = 33) mean = 146.12, sd = 41.0 versus S-Five total (n = 159) mean = 88.65, sd = 49, t53.8 = 6.964, p < 0.001, respectively).



TABLE 3. Intercorrelations of the S-Five scores, and correlations with other measures (validity assessment).
[image: Table3]


S-Five-T Scoring Instructions

The S-Five-T items and the scoring instructions are presented in the appendix (English and Mandarin). The norms of the S-Five-T are presented in Table 4.



TABLE 4. Norms and reliability of the S-Five-T scores (N = 78).
[image: Table4]



Reaction Counts

On average, participants reported 20 out of 37 trigger sounds caused no feeling (Table 4). Irritation was the next highest reported reaction, with an average of 5 trigger sounds reported as causing this reaction. Irritation and disgust had small, significant positive correlations with age. In terms of gender, women scored significantly higher on the RC for irritation, while men scored higher on anger.

With respect to the RC scores, the intercorrelations varied between 0.2 and 0.7 (Table 5). All correlations were positive except for the no feeling count, for which all correlations with other variables were negative. Interestingly, disgust correlated only with no feeling and irritation. Distress had low correlations with all other RCs. The highest correlations emerged between no feeling, anger and panic. The total number of triggers reported was highly correlated with disgust and emerged similar coefficients with FIRS. RIRS on the contrary did not correlate with disgust, anger or panic.



TABLE 5. Intercorrelations of the S-Five, S-Five-T scores, and correlations with other measures (Spearman’s rho).
[image: Table5]

The RC for no feeling, irritation, distress and anger, and total count had moderate correlations with the A-MISO-S and MQ total score. The PHQ-9 and the GAD-7 were significantly correlated with the RC distress and panic and TC, while both were negatively correlated with the reaction count of no feeling.



Intensity

Table 6 presents the norms for the 37 intensity items. The sounds which cause reactions with the higher intensity were lip smacking, baby crying, and repetitive sounds of barking or engine. The sounds with the least intensity in the reaction were certain words and accents, yawning, and normal eating. Three items had low positive correlations with age (repetitive barking, loud chewing and teeth sucking), while normal breathing had a low negative correlation with age. For one item, coughing, men scored higher than woman.



TABLE 6. Norms and reliability of the intensity items for the 37 S-Five-T sounds.
[image: Table6]





DISCUSSION

The purpose of this study was to evaluate the psychometric properties of the Mandarin version of the S-Five questionnaire. This was, to our knowledge, the first study to validate a self-reported multidimensional questionnaire for misophonia within this population. The psychometric analysis conducted concluded that the original five factor structure found in the general UK population (Vitoratou et al., 2022) and a large sample of English-speaking individuals who identify with the condition (Vitoratou et al., 2021b) was replicated for the Mandarin version. The scale was also found to be reliable (both in terms of internal consistency of each factor and stability in time), measurement invariant with respect to age and gender, and evidence of its validity emerged.

The original five dimensions (internalising appraisals, externalising appraisals, perceived emotional threat, outbursts, and impact on functioning) were fully and accurately reproduced in a sample derived from a population that not only speaks a different language but also belongs to an Asian culture. This highlights the consistency of the multidimensional experience of misophonia as captured by the S-Five. The S-Five items were designed to reflect sound sensitivities in a manner that is not specific or more matching to individuals of a certain age, gender, ethnicity, nationality socio-economic status and educational level. In this study, we see evidence that indeed the S-Five is robust cross culturally. Most importantly, the reproduction of the five factors in a Chinese sample in Mandarin points to the stability of the manifestation of misophonia across cultures, seen here for the first time in the literature.

The convergent validity of the S-Five was established through correlating the factors of the scale and total score with previously development measures of misophonia. The MQ and the A-MISO-S were significantly, positively and moderately correlated with the five factors of the S-Five and with the total score. Spearman’s rho coefficients were comparable to those found in previous S-Five validation studies (Vitoratou et al., 2021b, 2022). We note the moderate correlations with other scales measuring misophonia, which we propose is due to the broader construct of misophonia captured by the S-Five than the other measures used for construct validity, which are not multidimensional. Future studies could assess convergent validity with another multidimensional tool, for example the Duke Misophonia Questionnaire (Rosenthal et al., 2021), which had not been published at the time the present study was designed.

This study found that the sounds of baby crying and lip smacking had the highest average intensity of reaction. This is contrary to our hypothesis that the most intense reaction would be from the sound of loud eating, as was found in a UK general population study (Vitoratou et al., 2022) and in a sample of individuals identifying with having misophonia (Vitoratou et al., 2021b). Lip smacking was also reported as eliciting the most intense reaction in a Dutch study (Schröder et al., 2019). Further research is needed to clarify whether there are cross cultural differences in the types of sounds eliciting negative reactions in misophonia. It was interesting to note that in the present study, the reaction count of irritation was positively correlated with the other negative reactions and was low to moderately correlated with S-Five factors. This is not consistent with studies using UK samples, which have shown very low (Vitoratou et al., 2022) or even negative correlations (Vitoratou et al., 2021b) between irritation and other S-Five factors. Further research is needed to better understand these contrasting results.

The S-Five also importantly highlights that the reactions to such sounds may be influenced by gender. Female participants scored significantly higher on the RC irritation, while men scored higher on the RC anger. With regards to the S-Five, male respondents scored significantly higher on the internalising appraisals, impact on functioning and outburst factors, as well as the total score. This was in contrast to the finding that female respondents scored significantly higher on internalising in a UK sample of individuals identifying with having misophonia (Vitoratou et al., 2021a), and the finding that there was no significant gender difference on these factors in a UK representative sample (Vitoratou et al., 2022). Further research is needed using representative samples to determine whether there are any cross-cultural differences in the relationship between gender and misophonia symptoms.

We found a positive correlation between symptoms of misophonia and symptoms of depression and anxiety, which supports the findings of previous studies. Zhou et al. (2017) found that in a sample of Chinese college students, misophonic symptoms and severity of misophonic symptoms were correlated with anxiety. Similarly, Quek et al. (2018) found a positive association between the severity of anxiety and the severity of misophonic symptoms in Singaporean psychiatric patients.

There were several limitations that arose in this study. First, the sample collected cannot be considered a representative sample of the Chinese population. This limits the use of the findings in being unable to compute and evaluate populations norms for misophonia. Also, our data come from the general population, and therefore our findings might be different to those that would have emerged in a clinical sample. Future research should replicate this work in a sample of people with misophonia. A further limitation of the study was the self-reporting of co-occurring diagnoses and symptoms of anxiety and depression; future studies would benefit from structured clinical interviews to examine the relationship between disorders. Additionally, the S-Five has not yet been tested for discriminative validity in relation to other disorders of sound intolerance, such as tinnitus or hyperacusis, which needs to be addressed in future research. Because of these limitations, it is unknown to what extent the S-Five assesses the severity of misophonia alone or misophonia comorbid with related auditory disorders.

The present study evaluated a Mandarin version of the S-Five, a self-report measure for symptoms of misophonia, within a Chinese sample. The S-Five was found to have comparable reliability and validity, and the five-factor structure found in the original English scale was replicated. The study provides further support that the S-Five is a reliable and valid tool for measuring symptoms of misophonia and that the Mandarin version can be used for the Chinese population.
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Introduction: Misophonia and sensory over-responsiveness (SOR) share physiological and psychological symptoms. While individuals with SOR demonstrate pain perception alterations, these were not explored in misophonia.

Methods: This exploratory study comprised thirty healthy adults with (n = 15; based on the Misophonia Questionnaire) and without misophonia. The Sensory Responsiveness Questionnaire (SRQ) was used for evaluating sensory responsiveness. In addition, psychophysical tests were applied for quantification of: (i) stimulus-response function of painful stimuli, (ii) the individual perceived pain intensity, (iii) pain modulation efficiency, (iv) auditory intensity discrimination capability, and (v) painful and unpleasantness responses to six ecological daily sounds using the Battery of Aversiveness to Sounds (BAS).

Results: Individuals with misophonia reported higher scores in the SRQ-Aversive (p = 0.022) and SRQ-Hedonic (p = 0.029) scales as well as in auditory (p = 0.042) and smell (p = 0.006) sub-scales, indicating higher sensory responsiveness. Yet they were not identified with the SOR type of sensory modulation dysfunction. Groups did not differ in the pain psychophysical tests, and in auditory discrimination test scores (p > 0.05). However, in the misophonia group the BAS evoked higher pain intensity (p = 0.046) and unpleasantness (p <0.001) ratings in the apple biting sound, and higher unpleasantness rating in the scraping a dish sound (p = 0.007), compared to the comparison group.

Conclusion: Findings indicate increased sensory responsiveness in individuals with misophonia, yet not defined as SOR. Thus, this suggests that misophonia and SOR are two distinct conditions, differing in their behavioral responses to painful and non-painful stimuli.

KEYWORDS
sensory over-responsiveness, pain sensitivity, misophonia, sensory processing, ecological sounds, auditory hyperalgesia, auditory analgesia


Background

The recently published consensus definition of misophonia (Swedo et al., 2021) defines misophonia as “a disorder of decreased tolerance to specific sounds or stimuli associated with such sounds” (p. 22). These aversive sensory stimuli, commonly named misophonia triggers, are expressed physiologically (Edelstein et al., 2013; Johnson et al., 2013; Brout et al., 2018), severely impact daily function and social participation (Edelstein et al., 2013; Wu et al., 2014; Zhou et al., 2017; Kumar et al., 2021; Swedo et al., 2021), and are suggested to contribute to mental health difficulties (Schröder et al., 2013; Erfanian et al., 2019; Swedo et al., 2021). Indeed, misophonia has been reported to co-occur with psychiatric or neurological conditions (e.g., mental health disorders, attention deficit hyperactive disorder) (Cusack et al., 2018; McKay et al., 2018; Rouw and Erfanian, 2018; Erfanian et al., 2019; Swedo et al., 2021; Siepsiak et al., 2022), indicating that whether or not misophonia is a disorder in its own right is yet to be determined empirically (Swedo et al., 2021). Thus, research examining the nature and features of misophonia is needed to better characterize and differentiate this disorder (Swedo et al., 2021).

Neuroticism is a trait associated with misophonia (Cassiello-Robbins et al., 2020; Jager et al., 2020; Guetta et al., 2022) [i.e., moody, anxious, and tense (Goldberg, 1990)]. It is manifested in misophonia as behavioral and psychological responses to misophonia triggers including irritation, anger, anxiety, disgust, general psychological distress, and difficult regulating emotions (Rouw and Erfanian, 2018; Swedo et al., 2021). Like misophonia, sensory over-responsiveness (SOR) has been widely reported to co-occur with negative emotionality and psychological distress (Kinnealey et al., 2011; Bar-Shalita and Cermak, 2016; Carpenter et al., 2019) which significantly interferes with everyday function and quality of life (Cosbey et al., 2010; Carter et al., 2011; Kinnealey et al., 2011; Bar-Shalita et al., 2015; Bar-Shalita and Cermak, 2016). Unlike misophonia, characterized by hyper-sensitivity mainly in the auditory modality, specifically to human sounds, yet not solely (i.e., olfaction) (Brout et al., 2018; Swedo et al., 2021), SOR is characterized by multi-modal sensory hyper-sensitivity (Zero, 2005; PDM, 2006; Miller et al., 2007; Interdisciplinary Council on Developmental and Learning Disorders, 2012). SOR, a type of sensory modulation dysfunction, alters the ability to regulate behavioral adaptive responses to everyday sensory stimuli, in one or more sensory modalities (Miller et al., 2007). Specifically, individuals with SOR perceive non-painful daily stimuli as unpleasant and painful, lasting longer compared to non-SOR individuals (Kinnealey et al., 2011; Bar-Shalita et al., 2015). Likewise, laboratory testing of experimental pain in individuals with SOR who are otherwise healthy, utilizing psychophysical pain paradigms, indicated hyperalgesia (enhanced pain intensity) which lasted longer compared to controls (Bar-Shalita et al., 2009b,2011, 2014; Weissman-Fogel et al., 2018). Moreover, our research found that SOR and the personality trait of neuroticism together contribute to enhanced pain sensitivity to daily sensations, experienced as more aversive by individuals with SOR, compared to healthy controls (Bar-Shalita and Cermak, 2020). Given sparse reports on sensory hyper-sensitivity in other modalities beyond audition in individuals with misophonia (Edelstein et al., 2013; Wu et al., 2014; Schröder et al., 2019), and since pain perception has not been reported in misophonia, it is worthy to study SOR and pain perception in individuals with misophonia. Taken together, misophonia and SOR share symptoms anchored in the pattern of reacting to sensations cued by environmental stimuli, eliciting suffering, and functional limitations. Accordingly, it is somewhat surprising that the relationship between misophonia and SOR has yet to be rigorously empirically tested. Because (a) misophonia triggers are perceived as aversive sensations, (b) pain hypersensitivity is linked to SOR, and (c) misophonia may be conceptualized as a phenomena associated with SOR, the primary aim of the present study was to examine the relationships among misophonia, SOR, and pain hypersensitivity. Specifically, we hypothesized that (1) misophonia and SOR will be positively correlated, and (2) individuals with misophonia will demonstrate pain hypersensitivity compared to healthy controls using quantitative sensory testing (QST) and self-report measures.



Materials and methods

This exploratory research was approved by the review committee at Tel Aviv University and the Helsinki Committee at Sheba Medical Center (5360-18-SMC). All participants completed and signed an informed consent form before enrolling in the study.


Participants

A non-referred convenience sample of thirty healthy adults aged 18–50 years (73% female, n = 22; M age 30.5 years, SD = 9.84), with (n = 15, study group) and without misophonia participated in this study. Individuals with self-identified misophonia were recruited via misophonia social networks online, and healthy individuals (n = 15, comparison group) recruited through a pool of individuals interested in participating in research. Exclusion criteria stipulated audiological (hearing loss, hyperacusis, and tinnitus or other) neurological, psychiatric, developmental, or chronic pain diagnoses, and language proficiency. Exclusion criteria included the use of analgesia or consumption of psychoactive substances less than 24 or 6 h, respectively, before arriving at the lab. The study group inclusion reported a score of 7≤ on the impairment rating scale of the Misophonia Questionnaire (MQ) (Wu et al., 2014) (see below). The comparison group inclusion criteria included scoring <6 on the MQ (Wu et al., 2014) as well as scoring within the normal cut-off scores on the Sensory Responsiveness Questionnaire-Intensity Scale (SRQ-IS) (Bar-Shalita et al., 2009a) (mean ± 1 SD) [SRQ-Hedonic <2.43; SRQ-Aversive <2.13], demonstrating no sensory modulation dysfunction.



Measures


Self-report questionnaires

Misophonia was assessed using the MQ (Wu et al., 2014), a three-part self-report questionnaire aimed at assessing misophonia consisting of: (1) Misophonia Symptom Scale which examines the presence of specific sound sensitivities (e.g., eating, tapping, throat sounds); (2) Misophonia Emotions and Behaviors Scale which examines emotional and behavioral reactions associated with misophonia, and (3) Misophonia Severity Scale which was adapted from the National Institute of Mental Health Global Obsessive-Compulsive Scale (Murphy et al., 1982) applicable for misophonia utilizing a 15 point rating scale (1 “low sensitivity” up to 15 “severe sensitivity”). A score equal or greater than 7 indicates clinically significant “moderate sound sensitivities”that cause “significant interference” (Wu et al., 2014). High internal reliability (Cronbach’s α = 0.88−0.90), convergent and distinct validity were reported (Wu et al., 2014). In this study we used the Misophonia Severity Scale.

Sensory responsiveness was assessed using the SRQ-IS (Bar-Shalita et al., 2009a), a self-report questionnaire assessing behavioral response patterns to daily sensation, and aimed to identify sensory modulation dysfunction in adolescents and adults. The questionnaire consists of 58 statements describing everyday situations involving stimulation in one of the following modalities: auditory, visual, gustatory, olfactory, vestibular, and somatosensory, excluding pain. Participants rate the intensity of the enjoyment or disturbance in the situation described in each statement using a five-point Likert scale (1 “not at all” up to 5 “very”), comprising 2 scales: Applying the SRQ-Aversive scale (32 items), scores higher than the normal mean cut-off score (+2 SD; 1.87 + 0.52) indicate SOR. Applying the SRQ-Hedonic scale (26 items), scores higher than the normal mean cut-off score (+2 SD; 2.10 + 0.66) indicate sensory under responsiveness (SUR) (Weissman-Fogel et al., 2017). Internal reliability (Cronbach’s α = 0.90−0.93), and test–retest reliability (r = 0.71−0.84; p < 0.001−0.005) as well as content, criterion, and construct validity were reported (Bar-Shalita et al., 2009a).

Daily pain sensitivity was assessed using the Pain Sensitivity Questionnaire (PSQ) (Ruscheweyh et al., 2009), a self-report questionnaire, aimed at assessing the intensity of daily pain sensitivity. The PSQ contains 17 items describing everyday situations associated with a wide range of somatosensory pain. Fourteen of the items relate to situations that describe painful situations for most people (e.g., hot, cold, sharp, or dull). The three remaining items (5, 9, and 13) describe situations typically not rated as painful by healthy participants (e.g., taking a warm shower). Participants are requested to imagine how painful this situation would be for them and use a 10 point response scale ranging from 0 (not painful at all) to 10 (worst pain imaginable). The questionnaire provides a total score (PSQ-total) and two additional scores (PSQ-moderate, PSQ-minor) ranging from 0 to 10; higher score denotes high sensitivity to daily pain. The PSQ has internal reliability for the total score (α = 0.92), as well as for the 2 sub-scales PSQ-minor: α = 0.81; PSQ-moderate α = 0.91, and test–retest reliability (ICCs = total score 0.83; PSQ-moderate 0.79; PSQ-minor 0.86). Content, criterion, and construct validity have been previously reported for this measure (Ruscheweyh et al., 2012).



Pain psychophysics evaluation applying quantitative sensory testing

Prior to testing, participants were informed that the heat stimuli will be delivered at intensities not causing harm or damage and are safe in line with the Food and Drug Administration (FDA) requirements. Heat stimulus, using a computerized thermal stimulator, the Pathway system for Contact Heat-Evoked Potential Stimulator (CHEPs) (Medoc Ltd. Advanced Medical Systems, Ramat Yishai, Israel), was applied on the central volar aspect of the right forearm using a flat disk probe 572.5 mm2 thermode. After each stimulus the thermode was removed to avoid adaptation/sensitization. During the inter-stimulus interval (ISI) periods participants were asked to rate the pain intensity after each stimulus using a verbal numeric pain scale (NPS; 0 = no pain at all; 100 = worst imaginable pain). The baseline temperature was 32°C, increased temperature rate was set on 70°C/sec, and decreased rate was set on 40°C/sec for all stimuli. Following familiarization with the pain stimuli and required rating the following tests were performed:


Dose response test

Three separate runs, each comprising of 20 CHEPs heat stimuli (8–10 s ISI, randomized) at 46, 49, and 51°C were utilized, counterbalancing 46 and 49°C randomly to avoid risk of order effects. Between runs interval of 5-min was utilized (see Figure 1).


[image: image]

FIGURE 1
Schematic representation of the QST: Dose response test and Habituation (Runs 1 and 2) and CPM tests paradigms. QST, quantitative sensory testing; CPM, conditioned pain modulation.




Determination of testing temperature

Since pain evoked from heat stimuli depends on the peripheral and central pain pathways function and varies among participants (Staud et al., 2004), the testing temperature for the following somatosensory psychophysical tests was individually tailored to evoke a peak pain magnitude of 50/100 (henceforth pain-50) on the NPS. Searching for the individual pain-50 temperature, we used the Methods of Levels. The initial temperature choice was based on the pain ratings each subject provided in the Dose response test (i.e., 46, 49, and 52°C). Thereafter, temperature search was respectively, decreased or increased by 1°C followed by increase/decrease of 0.5°C until reaching the desired pain level of 50. When 2 out of 3 CHEPs stimuli (ISI 8 s) were rated as 50 on the NPS, the individually tailored temperature of pain-50 was attained and served as the individual testing temperature. For participants not reporting 50 on the NPS, the maximum temperature (55°C) was set as their testing temperature (Weissman-Fogel et al., 2018).



Habituation paradigm

Two runs of 20 CHEPs heat stimuli each (ISI of 8–12 s) utilizing the individually tailored pain-50 temperature were applied, with between runs interval of 5-min. Participants were asked to rate the pain intensity following each stimulus. A lower average in the second run indicated habituation (see Figure 1; Weissman-Fogel et al., 2018).



Conditioned pain modulation paradigm

Using the cold water tub (8–10°C) as a conditioning test stimulus, participants inserted their left hand and were requested to rate the pain intensity after 10 s. Thereafter, while the hand remained in the cold water tub, participants received a series of 15 heat stimuli (test stimuli) (ISI 8–12 s) delivered to the right forearm at the individually tailored pain-50 temperature and were asked to rate the pain intensity after each stimulus using the NPS. At the end of this series, participants reported their left hand pain intensity before removing their hand from the cold water tab. Conditioned Pain Modulation (CPM) magnitude was derived from the deduction of the mean pain intensity ratings of the test stimuli given alone from the mean pain intensity ratings given simultaneously with the conditioning stimulus. Negative values indicate an efficient CPM (see Figure 1; Yarnitsky et al., 2012).




Auditory psychophysics evaluation

Sounds were delivered to both ears via headphones Audio-Technica, Japan (ATH-M40×). Sounds were calibrated using an Audio Scan Verifit VF-1 (Etymonic Design Inc., Dorchester, ON, Canada) in a 2-cm3 HA2 coupler, by means of a manual control procedure, with an A-weighted filter. To eliminate tester bias we ensured no eye contact between the participant and the researcher.


Auditory intensity discrimination test

To ensure intact intensity discrimination, we measured auditory discrimination acuity by using a computerized test. Six intensity levels of 1-kHz tone (pure tone produced at a stable sound pressure level), differing in amplitude by increments of 5 dB (range = 60–85 dB), lasting for 2 s each (ISI 8 s), were delivered three times in a random order. Participants were asked to verbally rate the sound intensity on a computerized numerical scale ranging from least intense (Swedo et al., 2021) to most intense (Schröder et al., 2013). Before testing, participants were familiarized with the least and most intense sounds twice (Assayag et al., 2020).



Battery of aversiveness to sounds

Computerized testing with six ecological sounds each applied 3 times: (1) scraping a dish, (2) apple eating, (3) ticking clock, (4) water drops, (5) alarm, and (6) 1 kHz tone (a pure tone produced at a stable sound pressure level). A total of 18 sounds (each: 30 s duration; ISI 30 s) were delivered in- within and between participants random order. The sounds were calibrated to volume levels up to 80 dB SPL. Sounds 1–5 were normalized for intensity (78–80 dB SPL) using the Manual control mode of the Verifit VF-1 (Audioscan, 2006) analyzed by 1/12th octave, A-weighted filter, at a rate of 384 ms. After each sound, participants were instructed to verbally rate the pain and unpleasantness intensities (Price et al., 1983) on an 11-point scale (0 “no pain/no disturbance” up to 10 “maximum pain possible/the highest level of disturbance you can imagine “) (Mazor-Karsenty et al., 2019; Assayag et al., 2020).





Procedure

The study was administered in the Sensory Integration Lab at Tel Aviv University in a quiet, air-conditioned room (22–24°C) with ambient noise typically not exceeding 45 dB SPL and the participant sitting on a comfortable recliner. The session lasted for approximately 2 h. After verifying the inclusion criteria using the MQ, SRQ-IS, and demographic questionnaire, participants undertook the psychophysical testing in counterbalanced order. Thereafter, participants completed the PSQ electronically.



Data analysis

Data analysis was performed using SPSS (Quintero et al., 2013) software version 27. Descriptive statistics were used to describe the population and study variables. The Shapiro–Wilks test was used to test the distribution type of the dependent variables. Group differences were examined via Mann–Whitney- or t-tests, according to variables distribution type. Pearson Correlation Coefficient or the Spearman’s Rank Coefficient tests were used to test correlations. Correlations were compared between the groups using Fisher’s z transformation test where they were then treated as normal random variables. To determine the relative contribution of the independent variables [SRQ, PSQ, and battery of aversiveness to sounds (BAS-R)] in predicting the dependent variable (MQ), two multiple regression models were established, one for each group; additionally we established a model for the whole sample. All statistical tests were two-sided and tested at a 5% level of significance. Nominal p-values are presented.




Results


Demographic characteristics

No statistically significant group differences were found in age [study vs. control groups Mean (SD): 31.7 (11.77) vs. 29.29 (7.67)], sex (women 73.33% both groups), years of education [study vs. control groups Mean (SD): 14.67 (1.91) vs. 14.47 (7.39)] and dominant hand. A statistically significant group difference was found in the MQ scores, score Mean (SD); ranges among the study and comparison groups were 8.47 (1.68); 7–13, and 2.27 (1.90); 0–6, respectively. Of note, 66% of participants in the study group scored 7–8 on this MQ.



Group differences in the Sensory Responsiveness Questionnaire and Pain Sensitivity Questionnaire scores

Statistically significant group differences were found in both SRQ scores, showing higher scores (higher responsiveness) in the study group. Yet, within the study group the two SRQ scores (SRQ-Hedonic; SRQ-Aversive) were found below cut-offs, indicating no sensory modulation dysfunction (SMD). We also examined group differences in the mean scores in all sensory modalities. A statistically significant group difference was found in the auditory and the olfactory sub-scales demonstrating higher scores (higher responsiveness) in the study group (Table 1). Groups did not differ in the mean scores of the other sensory sub-scales (vision, taste, vestibular, and somatosensory) (Table 1).


TABLE 1    Group differences in the SRQ scores.
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No statistically significant differences were found between the two groups in the PSQ scores (p > 0.05).



Correlations of the Misophonia Questionnaire score with the Sensory Responsiveness Questionnaire and Pain Sensitivity Questionnaire scores

Within each of the groups no statistically significant correlations were found between the MQ and SRQ scores. Further, between group comparison in these correlations we found no statistically significant group differences were found. However, while in the comparison group the MQ significantly correlated with the PSQ total (r = 0.524, p = 0.04) and PSQ-Moderate (r = 0.525, p = 0.044) scores, no statistically significant correlations were found in the study group. Between group comparison in these correlations found no statistically significant group differences. Indeed, after running a bootstrap analysis we did not reach statistically significant correlations within the control group.



Psychophysics


Group differences in thermal pain ratings

No statistically significant differences (p > 0.05) were found in pain intensity and unpleasantness ratings in Dose-Response, Testing Temperature (pain-50), Habituation, and CPM testing. Of note, the study group ratings were consistently slightly lower (Table 2).


TABLE 2    Group differences in thermal pain psychophysics tests ratings.
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Group differences in auditory discrimination

No statistically significant group differences were found (p > 0.05) in the Auditory Discrimination Test for all of the six intensity levels of the 1-kHz sound.



Group differences in the battery of aversiveness to sounds pain and unpleasantness ratings

Testing auditory pain intensity found statistically significant pain ratings only in the apple eating sound indicating higher ratings in the study group (Table 3). Testing ratings of unpleasantness found statistically significant group differences in scraping a dish and apple eating sounds, indicating higher ratings in the study group. No statistically significant group differences were found in pain intensity and unpleasantness ratings in the ticking clock, tone 1 kHz (Tone 1), water drops, and alarm sounds (Table 3).


TABLE 3    Group differences in auditory psychophysics pain and unpleasantness ratings.
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Correlations between the Misophonia Questionnaire and battery of aversiveness to sounds scores

No statistically significant correlations were found within each group. However, group comparisons indicated statistically significant group differences in the correlations between MQ scores and the unpleasantness ratings of the ticking clock r = −0.08 vs. 0.47 p = 0.039; water drops r = −0.22 vs. 0.49 p = 0.009; and alarm sounds r = −0.31 vs. 0.30, p = 0.028, study vs. comparison groups, respectively, showing negative low correlations in the study group, whereas positive low to moderate correlations were observed in the comparison group.



The final multiple regression model to predict Misophonia Questionnaire

In the separate models for each group the residuals were not normally distributed based on the P-P plots, and the predictors were highly correlated showing a high multicollinearity (VIF > 10). Therefore, the results were not valid and we referred to the model on the whole sample.

In this model the residuals were normally distributed and showed homoscedasticity, yet high multicollinearity was identified. Since the main assumptions of this regression model had been met we refer to the results. The model was found statistically significant [F(15,14) = 2.87; p = 0.03; R2 = 0.75], yet none of the effects i.e., SPQ, PSQ, and BAS-R were found statistically significant (p > 0.05).




Discussion

This preliminary study is the first to test SOR and pain sensitivity using psychophysical measures via QST in individuals with misophonia. Using QST, our findings support the consensus definition (Swedo et al., 2021) by demonstrating that the sounds with differentially aversive responses in the misophonia group were mostly human-generated. This suggest a difference between SOR and misophonia, where SOR entails a very wide range of auditory stimuli that may be aversive, whereas misophonia may be associated, with some variability, with a more limited scope of aversive auditory cues. This conclusion is further supported by the absence of general sensory modulation dysfunction among individuals with misophonia in the study sample, namely, they were not defined having SOR. Yet, these individuals with misophonia scored higher in the normal range of multisensory responsiveness. Specifically they reported increased sensory responsiveness in the auditory and olfactory sensory systems, suggesting sensory responsiveness beyond the auditory system in misophonia. However, contrary to our hypothesis findings indicate that individuals with misophonia did not demonstrate pain hyper-sensitivity in different QST paradigms, but consistently reported lower pain ratings. This further suggest that misophonia is not similar to SOR.

The pain matrix includes brain areas processing of both noxious and non-noxious stimuli (Mouraux et al., 2011; Senkowski et al., 2014) suggestive of an interaction between sensory systems. Indeed, we have previously reported a coupling between multisensory systems and pain (e.g., Bar-Shalita et al., 2011, 2014, 2015, 2019; Weissman-Fogel et al., 2018; Granovsky et al., 2019), i.e., individuals with SOR demonstrate pain hyper-sensitivity in response to experimental and daily life pain stimuli. Further, chronic pain patients, e.g., fibromyalgia, temporomandibular disorders, and chronic pelvic pain show sensory hyper-sensitivity to non-noxious stimuli (Schrepf et al., 2018). Specifically to the auditory and pain systems, hyperacusis was found prevalent in chronic pain conditions (de Klaver et al., 2007; Irimia et al., 2008; Suhnan et al., 2017). Thus, based on the bidirectional shaping of the noxious and non-noxious sensory perception via painful and non-painful stimuli (Mouraux et al., 2011; Pomper et al., 2013; Senkowski et al., 2014), we speculated that the auditory aversive stimuli, at least those which may be considered triggers, will elicit pain response. Indeed, human sound, i.e., eating apple perceived not only as aversive for individuals with misophonia, but also as painful. This finding supports the auditory-pain interaction probably in cortical brain areas that have a role in multi-sensory integration such as S2, the insula, and the anterior cingulate cortex (Mouraux et al., 2011).

Contrary to our assumption, we did not find pain hyper-sensitivity in misophonia. This further supports the distinction between SOR and misophonia. Specifically, while in SOR abnormally intense central neural processing is the suggested mechanism (Parush et al., 2007; Zlotnik et al., 2015; Granovsky et al., 2019), increased activity and connectivity in top–down modulatory brain areas is evident in misophonia (Kumar et al., 2017). The latter may explain our finding that individuals with misophonia consistently rated lower pain intensities. In detail, the auditory and the pain systems share the same top–down modulatory mechanisms which involve prefrontal brain areas and parallel descending inhibitory components (Rauschecker et al., 2015; De Ridder and Vanneste, 2021). A key brain area in the descending inhibitory pathways is the periaqueductal gray that receives collaterals from the spinothalamic tract (Zhang et al., 1990) as well as form several auditory nuclei (Halladay and Blair, 2012; Wang et al., 2019), and have a role in auditory-induced analgesia (Dobek et al., 2014). Thus, we speculate that the prefrontal cortex which is part of a central “gatekeeping” system, evaluates the relevance and affective value of auditory stimuli and controls information flow including pain, via descending pathways, with an attempt to inhibit sensory stimuli. Indeed they successfully inhibit experimental pain stimuli and demonstrated efficient CPM, which evaluates the efficiency of the descending inhibitory pathways. The assumed excessive inhibitory processes in misophonia is also reflected in our findings demonstrating negative correlations between unpleasantness ratings of the ecological non-human sounds and the misophonia scale score in the misophonia group compared to controls who demonstrated opposite direction. These allude to a successful inhibition to auditory non-trigger sounds yet not to trigger sounds.

This is a preliminary study consisting of a small sample size. Further, we did not test the emotional aspect nor behavioral regulation profiles, both of which characterize misophonia and SOR, as well as affecting pain perception. Future studies should establish multiple regression models using independent variables that are not correlated, and use large samples. Further, future studies should investigate the link between somatosensory and auditory pain using neurophysiological tools.

To conclude, this preliminary study found increased sensory responsiveness in misophonia, yet not defined as SOR, and no differences in pain sensitivity. Thus, this suggests that misophonia and SOR are two distinct conditions, differing in their behavioral responses to painful and non-painful stimuli. Findings allude to future exploration of the pain, auditory analgesia, and auditory hyperalgesia neurophysiological mechanisms in misophonia (Manohar et al., 2020).
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Misophonia, an extreme aversion to certain environmental sounds, is a highly prevalent yet understudied condition plaguing roughly 20% of the general population. Although neuroimaging research on misophonia is scant, recent work showing higher resting-state functional connectivity (rs-fMRI) between auditory cortex and orofacial motor cortex in misophonia vs. controls has led researchers to speculate that misophonia is caused by orofacial mirror neurons. Since orofacial motor cortex was defined using rs-fMRI, we attempted to theoretically replicate these findings using orofacial cortex defined by task-based fMRI instead. Further, given our recent work showing that a wide variety of sounds can be triggering (i.e., not just oral/nasal sounds), we investigated whether there is any neural evidence for misophonic aversion to non-orofacial stimuli. Sampling 19 adults with varying misophonia from the community, we collected resting state data and an fMRI task involving phoneme articulation and finger-tapping. We first defined “orofacial” cortex in each participant using rs-fMRI as done previously, producing what we call resting-state regions of interest (rsROIs). Additionally, we functionally defined regions (fROIs) representing “orofacial” or “finger” cortex using phoneme or finger-tapping activation from the fMRI task, respectively. To investigate the motor specificity of connectivity differences, we subdivided the rsROIs and fROIs into separate sensorimotor areas based on their overlap with two common atlases. We then calculated rs-fMRI between each rsROI/fROI and a priori non-sensorimotor ROIs. We found increased connectivity in mild misophonia between rsROIs and both auditory cortex and insula, theoretically replicating previous results, with differences extending across multiple sensorimotor regions. However, the orofacial task-based fROIs did not show this pattern, suggesting the “orofacial” cortex described previously was not capturing true orofacial cortex; in fact, using task-based fMRI evidence, we find no selectivity to orofacial action in these previously described “orofacial” regions. Instead, we observed higher connectivity between finger fROIs and insula in mild misophonia, demonstrating neural evidence for non-orofacial triggers. These results provide support for a neural representation of misophonia beyond merely an orofacial/motor origin, leading to important implications for the conceptualization and treatment of misophonia.
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Introduction

Imagine experiencing the same sense of anxiety, panic, or rage you feel toward the sound of nails scraping chalkboard to innocuous soft sounds in the environment, like chewing, breathing, or tapping. This is the reality for individuals with misophonia, a highly prevalent yet understudied disorder of sound processing. A consensus definition describes misophonia as a decreased sound tolerance to specific sounds or stimuli associated with the sounds, resulting in strong negative emotional, physiological, and behavioral responses not seen in other people (Swedo et al., 2021). Anecdotal reports from sufferers reveal serious daily impairments attributable to misophonia–job instability, deteriorating relationships, suicidal thoughts (Edelstein et al., 2013; Rouw and Erfanian, 2017; Swedo et al., 2021)–yet the condition is severely understudied with mechanisms vastly unknown.

At the time of this writing, 105 peer-reviewed misophonia articles exist on PubMed. Only seven of these articles, however, investigate this disorder using magnetic resonance imaging (MRI). MRI research enables a non-invasive and in vivo assessment of pathophysiology, neural mechanisms, and treatment strategies that have been instrumental to understanding other disorders (Dijkhuizen and Nicolay, 2003). In fact, neural markers based on functional magnetic resonance imaging (fMRI) during rest have been identified and proposed for various psychopathologies, such as obsessive-compulsive disorder (OCD) (e.g., Takagi et al., 2017), schizophrenia (e.g., Chahine et al., 2017; Wang et al., 2020), and bipolar disorder (e.g., Magioncalda et al., 2015; Wang et al., 2020). Are there neural markers for misophonia?

One of the first fMRI studies of misophonia found that individuals with misophonia showed significant differences as compared to healthy controls in the anterior insular cortex, specifically when presented with triggering auditory stimuli (Kumar et al., 2017). The anterior insular cortex has been implicated in a wide variety of functions, including subjective evaluation of pain (Brooks et al., 2002), goal-directed attentional control (Eckert et al., 2009; Nelson et al., 2010), interoception (Wang et al., 2019), and processing of disgust (Krolak-Salmon et al., 2003). Other fMRI work showed increased activation in the insula, anterior cingulate cortex, and superior temporal cortex (i.e., auditory cortex) in misophonia participants when presented with video clips depicting triggering actions, as compared to generally aversive actions or neutral actions (Schröder et al., 2019).

Previous work has also explored connectivity differences in misophonia. A recent study used diffusion weighted imaging (DWI) (a measure of structural connectivity and white matter tracts) and found that, as compared to healthy controls, individuals with misophonia had greater white matter volumes in the inferior fronto-occipital fasciculus, anterior thalamic radiation, and corpus callosum (Eijsker et al., 2021a). Additionally, several misophonia studies have explored functional connectivity, measured by correlating the fMRI activation of various regions of interest (ROIs) across time either during a task or while the brain is at rest, effectively measuring to what extent the ROIs spontaneously activate together. One study noted significant functional connectivity associated with misophonia between the anterior insular cortex and (a) posterior cingulate cortex/precuneus; (b) ventromedial prefrontal cortex; (c) hippocampus; and (d) amygdala (Kumar et al., 2017), a subcortical structure often implicated in emotion processing and regulation (Phillips et al., 2003; Ochsner et al., 2012). Another found increased functional connectivity in misophonia (a) between the amygdala and cerebellum and (b) within the lateral occipital/fusiform area of the ventral attention network (Eijsker et al., 2021b).

Most recently, Kumar et al. (2021) introduced a new hypothesis about the neural origins of misophonia using resting-state functional connectivity (rs-fMRI) within motor cortex, motivated by the use of mimicking movements as a common coping mechanism for sufferers (Edelstein et al., 2013). Mirror neurons in motor cortex would presumably be activated simply by seeing or hearing sensory input (e.g., the sound of chewing would evoke activity within the part of motor cortex responsible for chewing motions, even when performed by others) (see “audiovisual mirror neurons,” Kohler et al., 2002). (Kumar et al., 2021) therefore investigated the connectivity between auditory cortex (where sound is processed) and orofacial motor and premotor cortex (where chewing motions originate). Their data show that the orofacial region within the ventral premotor cortex is more strongly connected to the planum temporale and to the anterior insula in individuals with misophonia compared to healthy controls. The planum temporale functions as higher-level auditory cortex, often associated with speech comprehension (Shapleske et al., 1999) and the analysis of many types of complex sounds more broadly (Griffiths and Warren, 2002). Since the ventral premotor cortex is thought to be a key hub of the mirror neuron system (Rizzolatti and Craighero, 2004; Iacoboni and Dapretto, 2006; Kumar et al., 2021), conclude that misophonia is the result of hyperactivity of the mirror neurons in orofacial motor cortex, suggesting that the action of the trigger person is more important than the sound that is produced and providing what they call the “motor basis of misophonia.”

While these previous studies provide a foundation for future neuroimaging research on misophonia, there remain numerous gaps in this literature. First, the two task-based fMRI experiments on misophonia so far have assumed that misophonia is mainly an aversion to oral/nasal sounds. This is reflected both in the types of participants eligible for their studies and in the sound stimuli used in their tasks. For instance, Kumar et al. (2017, 2021) specifically recruited misophonic individuals who had oral/nasal sounds as triggers, then exclusively used human-produced oral/nasal sounds to comprise their “trigger” category. Schröder et al. (2019), Eijsker et al. (2021a,b) used in-house diagnostic criteria to assess their participants, which requires that human-produced oral/nasal sounds be a trigger to be diagnosed (Schröder et al., 2013; Jager et al., 2020). However, it is clear from both anecdotal self-reports and clinical interviews (e.g., Hadjipavlou et al., 2008; Edelstein et al., 2013; Ferreira et al., 2013; Johnson et al., 2013; Neal and Cavanna, 2013; Jastreboff and Jastreboff, 2014; Webber et al., 2014) as well as large-scale sound bank experiments employing machine learning (Hansen et al., 2021) and a consensus based on meta-analysis (Swedo et al., 2021) that individuals with misophonia are bothered by more than just oral/nasal sounds; restricting the condition to study just those triggers is likely to miss important findings.

Further, previous work may be biased by the construction and discussion of ROIs. For instance, Schröder et al. (2019) defined and analyzed activation in the entire insula but spoke of their significant results as “confirming” the Kumar et al. (2017) anterior insula finding. Kumar et al. (2021) used only the anterior insula as a seed region based on their prior results, sidestepping any role the posterior insula might play, despite the posterior insula’s known involvement in sensorimotor and auditory processing (see Uddin et al., 2017). Interestingly, Kumar et al. (2021) built their claims around an orofacial motor region, defined by “the part of vPMC [PMv] which showed stronger connectivity to planum temporale in resting-state.” Given the planum temporale is known for processing higher level auditory information, it is not clear why the part of motor cortex most strongly connected to auditory cortex would be selectively related to the mouth and face. Moreover, previous research may have encountered common issues with ROI-based connectivity analyses. For example, defining an ROI using functional connectivity and then analyzing functional connectivity of that same ROI to depict differences between misophonia and control groups, while orthogonal, is a circular analysis that may distort results when performed in the same sample (Kriegeskorte et al., 2009); when defined in one sample and overlaid onto a separate sample, circularity is avoided but individual variability in connectivity patterns is washed out (e.g., see Supplementary Figure 2 for example individual variability in ROI definition). Using task-based fMRI instead to localize an orofacial motor area and then exploring its connectivity with an rs-fMRI analysis on independent data within the same subject would remove these potential biases.

Lastly, the previous fMRI studies draw definitive conclusions from data that would benefit from stronger control conditions and tests of specificity. For example, Schröder et al. (2019) contrasted activation while watching trigger videos–which included both audio and visual stimulation–with a neutral condition in which videos depicted soundless activities (which would not elicit auditory activation like the trigger videos would). One cannot therefore conclude that “misophonia is associated with altered brain activity in the auditory cortex” because it may simply be a result of experimental design. Similarly, Kumar et al. (2021) focused on orofacial cortex within PMv, without exploring either (a) orofacial cortex in other motor/sensory regions (e.g., orofacial cortex defined in PMd), or (b) cortex representing non-orofacial body parts. This lack of dissociation begs for further research to make a more definitive claim that misophonia has a “motor basis.”

The present study seeks to fill in these important gaps and help clarify some of the seemingly conflicting claims about which particular brain regions and/or connections are responsible for misophonia. Our first objective was to theoretically replicate the results of Kumar et al. (2021), using an orofacial region that is functionally defined from task-based fMRI instead of estimated from resting-state connectivity. We know that functionally defining ROIs is more ecologically valid and better captures individual variability in cortical locations (Swallow et al., 2003; Saxe et al., 2006). If this functionally defined orofacial region likewise shows higher connectivity to planum temporale and insula in individuals with misophonia compared to controls, we can be more confident in the motor-basis finding. Second, we sought to investigate the selectivity of sensorimotor orofacial involvement in misophonia. Kumar et al. (2021) restricted their claims to orofacial motor and premotor regions, but given the high variation in experienced misophonia triggers, we expand the present analyses to include (a) a broader portion of sensorimotor cortex, and (b) cortex functionally linked to finger tapping.



Materials and methods


Participants

Twenty adults participated in this study. One adult was excluded for excessive motion (see Section “Resting state” below), resulting in nineteen adults (14 females, 5 males, mean age = 25.6) included in the present analyses. Of the nineteen adults, five identified as Asian, two as Middle Eastern, one as Latino, and the rest as Caucasian. All participants were recruited via advertisements on social media, flyers, and study websites. Participants were part of a larger ongoing longitudinal study of brain development and were paid a total of $30 for participating in the neuroimaging protocol.

All experimental methods were approved by The Ohio State University Institutional Review Board, and all participants gave informed consent to participate.



Misophonia questionnaires

Each participant’s level of misophonia was determined using three misophonia assessment surveys available at the time of data collection. All participants completed the Misophonia Activation Scale (MAS-1) (Fitzmaurice, 2010), the Misophonia Assessment Questionnaire (MAQ-2) (Johnson, 2014), and the Amsterdam Misophonia Scale (A-MISO-S) (Schröder et al., 2013). Using a composite score that equally weighted the three misophonic assessment surveys (see Supplementary Table 1), with higher scores denoting more severe misophonia, the 19 participants had misophonia scores ranging from 0 to 37.3 out of 100.

For analyses comparing group means, we recreated the binary group division of Kumar et al. (2021) by splitting our sample post hoc using a score of 20 as cutoff, resulting in seven individuals with higher misophonia scores (mean = 28.7, range = 20.5–37.3; four females, three males; mean age = 24.2) and twelve individuals with lower misophonia scores (mean = 9.6, range = 0–17.7; nine females, three males; mean age = 26.4). This subdivision was further supported by individual scores on the A-MISO-S (Supplementary Table 1) and the suggested subdivisions provided by the authors (Schröder et al., 2013): individuals in the “higher misophonia” group all scored above 4 on the A-MISO-S (Mean = 7.7, SD = 1.1, Range = 6–9), corresponding with “mild” misophonia, whereas individuals in the “lower misophonia” group all scored below 4 (Mean = 2.2, SD = 1.5, Range = 0–4), corresponding with “subclinical” misophonia. For comparison, the misophonia group in Kumar et al. (2021) scored an average of 15.5 (SD = 3.4) on the A-MISO-S, corresponding with “severe” misophonia; scores are not reported for the control group.

Additionally, to probe any comorbid effects with other psychopathologies, all participants completed the Obsessive Compulsive Inventory-Revised (OCI-R) (Foa et al., 2002) and Depression Anxiety Stress Scale-21 (DASS-21) (Lovibond and Lovibond, 1995).



Neuroimaging procedure


Acquisition


Scan parameters

All neuroimaging data were acquired at the Center for Cognitive and Behavioral Brain Imaging at The Ohio State University on a Siemens 3T Prisma scanner using a 32-channel head coil. A 3D magnetization-prepared rapid acquisition with gradient echo (MPRAGE) structural scan was acquired on all participants with high-resolution (1 mm3). Resting-state MRI data were acquired with a scan lasting approximately 10 min (TE = 28 ms, TR = 1000 ms, voxel size = 2 mm × 2 mm × 3 mm, flip angle = 61°, 56 slices, 580 volumes). Task fMRI data were also acquired on all participants (TE = 28 ms, TR = 1000 ms, voxel size = 2 mm × 2 mm × 3 mm, 56 slices, 186 volumes).



Functional magnetic resonance imaging task

As part of a larger neuroimaging protocol studying speech and language development, all participants completed an articulatory localizer consisting of alternating blocks of phoneme speech production, finger-tapping, and rest. At the beginning of each block, an image of a mouth or a hand was shown on the monitor. When shown the image of the mouth, participants were instructed to physically vocalize the syllables “BA GA RA DA” continuously until the image of the mouth was removed from the screen. When shown the image of the hand, participants were instructed to tap their fingers one at a time, from forefinger to pinky and back again, continuously until the hand was removed from the screen. The instruction image was presented at the start of each block for 2 s. Each of the two conditions was presented for 16 s blocks, and each condition block was presented four times per run. All participants included in the present study completed at least one run of this articulatory localizer; 11 participants completed two runs.




Pre-processing


Resting state

Resting-state pre-processing was performed using Freesurfer’s FS-Fast pre-processing pipeline.1 Framewise displacement was calculated for use as a motion regressor. Masks of white matter, cerebrospinal fluid (CSF), and subcortical structures were then generated in each participant’s native space. Next, spatial smoothing was performed using the subcortical mask, and functional data were interpolated over motion spikes. Bandpass filtering was then applied to the functional data, using a low threshold of 0.009 Hz and a high threshold of 0.08 Hz; temporal filtering reduces physiological noise given the short TR (Birn, 2012). Last, data were denoised using CSF and white matter masks and timepoints with framewise displacement greater than 0.5 mm were censored from the data.

Pre-processed resting state data and censored timepoints were visually inspected to remove potential outliers. One participant of the original 20 had 237 censored timepoints (40.9%) and was thus removed from further analyses. The remaining 19 participants had low motion (mean censored timepoints = 3.1, range = 0–13). Quantity of censored time points was not significantly different between participants with higher vs. lower misophonia scores (t(17) = 1.196, p = 0.248).



Functional magnetic resonance imaging task

All task data were also pre-processed using Freesurfer’s FS-Fast pre-processing pipeline. Each run was motion corrected to the first timepoint of the run, and timepoints with movement over 1 mm were removed from the analysis. Motion corrected volumes were registered to each participant’s native space. Data were then smoothed using a 4 mm full-width/half-maximum Gaussian kernel and convolved with a canonical hemodynamic response function.

Contrasts were calculated using FS-Fast, specifically for phoneme articulation (P) minus finger-tapping (T), or P > T. The reverse contrast, T > P, was calculated by taking the negative activation of the P > T contrast. Masks of significant data were resampled to 1 mm isotropic voxels and then registered to each participant’s anatomical scan and resting-state native space. All analyses presented here use contrasts defined in the first task run unless otherwise noted.





Defining regions of interest


Non-sensorimotor regions of interest

A priori ROIs from previous literature were defined anatomically in each participant’s native space (Figure 1), using both the Destrieux atlas (Destrieux et al., 2010) and the Glasser atlas (Glasser et al., 2016). The Destrieux atlas, defined in each participant’s native anatomical space through Freesurfer,2 was registered to each participant’s native resting-space. The Destrieux atlas was used to define primary auditory cortex (Heschl’s Gyrus, A1), secondary auditory cortex (Planum Temporale), and the amygdala. The Glasser atlas, originally obtained on the fsaverage surface, was transferred to each participant’s native resting-state space using Freesurfer. The Glasser atlas was used to define posterior, middle, and anterior subdivisions of the insula.


[image: image]

FIGURE 1
Non-sensorimotor regions of interest (ROIs), depicted on the Freesurfer CVS average-35 in MNI152 brain. (A) Volume view, at MNI coordinates (37, –3, –5). Red = amygdala, green = posterior insula, cyan = middle insula, yellow = anterior insula. (B) Surface view, showing all left hemisphere non-sensorimotor ROIs (minus amygdala) projected to the left inflated surface. Blue = planum temporale, pink = A1.




Defining motor masks

To attempt to theoretically replicate the motor finding from Kumar et al. (2021), we used their same method of overlaying a motor mask from the Human Motor Area Template (HMAT) (Mayka et al., 2006). The HMAT atlas was first registered from Talairach space to each participant’s native anatomical space, then registered to the participant’s resting-state native space. The HMAT atlas subdivided each participant’s sensorimotor area into four regions: primary somatosensory cortex (S1), primary motor cortex (M1), dorsal premotor area (PMd), and ventral premotor area (PMv) (Figure 2A).
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FIGURE 2
Motor masks, depicted on the left inflated surface of the Freesurfer CVS average-35 in MNI152 brain. (A) The four subdivisions of the Human Motor Area Template. Pink = primary somatosensory cortex (S1), lime green = primary motor cortex (M1), cyan = dorsal premotor cortex (PMd), purple = ventral premotor cortex (PMv). (B) The two sensorimotor subdivisions from the Freesurfer anatomical parcellation. Orange = motor strip (precentral gyrus), green = somatosensory strip (postcentral gyrus).


Additionally, to expand the sensorimotor analysis and ensure that the use of a specific atlas did not influence the results, we used the Desikan Freesurfer parcellation in native anatomical space (Desikan et al., 2006) to identify the precentral and postcentral gyri (Figure 2B). These regions were chosen because of their canonical association with primary motor and primary somatosensory cortices, respectively. Since the precentral and postcentral gyri are defined using each individual’s anatomy as opposed to overlaying an atlas, it is possible this method will better capture individual nuances in cortical location.



Defining orofacial cortex


Method 1: Resting-state region of interest

First, we applied the method used by Kumar et al. (2021) to identify an orofacial resting-state region of interest (rsROI) in each individual. Specifically, we located the part of PMv that showed the strongest resting-state connectivity to the planum temporale. To do so, we averaged together the time courses of each voxel comprising the planum temporale, resulting in one vector representing the overall time course from the region. We then correlated that vector with the time course of each voxel within the PMv mask separately (for more detail, see “calculating functional connectivity” below), and sorted the connectivity values from largest to smallest. To maintain ROIs of similar sizes across analyses, we kept the top 10% of voxels from within PMv that had the highest connectivity to the planum temporale. This calculation was done in all nineteen participants individually, and the resulting voxels comprised that participant’s orofacial rsROI.

To explore the selectivity of connectivity differences to PMv specifically, we employed the same method to define an orofacial rsROI in each of S1, M1, and PMd as well. Additionally, for comparison, we used the Freesurfer anatomical atlas to define rsROIs in both the precentral and postcentral gyri.



Method 2: Functional region of interest

Next, we used the articulatory localizer fMRI task to subdivide sensorimotor cortex based on activation, from a scan independent of the resting-state data. We used the P > T contrast to identify regions representing physical orofacial movement (e.g., lips, jaw, tongue, throat, face) specifically. Because speech production overlaps considerably with effectors for orofacial movement generally (e.g., Takai et al., 2010; Kern et al., 2019) and speech sounds are a trigger reported in many studies specifically (e.g., Edelstein et al., 2013; Colucci, 2015; Claiborn et al., 2020; Cecilione et al., 2021), this localizer effectively accomplishes our goal of functionally defining an orofacial region relevant to misophonia. To maintain consistency with the rsROIs, we defined orofacial functional regions of interest (fROIs) within each mask (S1, M1, PMd, PMv, precentral gyrus, postcentral gyrus) as the top 10% of voxels within each region comprising the t-statistic’s positive tail (see Blank et al., 2014).

To explore whether the connectivity differences in misophonia were specific to orofacial cortex, we additionally defined finger cortex since finger-tapping has been described in previous literature as a common misophonic trigger (e.g., Cavanna and Seri, 2015). For instance, 58.7% of participants in a large-scale study of misophonia endorsed finger actions (i.e., snapping, tapping, or rubbing) as triggering (Claiborn et al., 2020), and “finger tapping” was ranked as the 15th most triggering item (out of 48 total) in a separate sample of 143 individuals with misophonia (Rinaldi et al., 2021).

Finger fROIs were defined in each participant using the negative tail of the P > T contrast to isolate cortical regions associated with finger movement. As with the orofacial fROIs, finger fROIs were defined as the top 10% of voxels active within each region. For a depiction of fROI locations, see Supplementary Figure 1.

For an overview schematic of the ROI methods and sensorimotor templates being used in these analyses, see Figure 3.
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FIGURE 3
Methods summary. ROIs were defined using either the voxels most connected to planum temporale in resting state (rsROI Method, top row; ? represents unknown location of the most connected voxels) or the most activated voxels for the articulatory localizer fMRI task (fROI Method, bottom row; P-T activation in sensorimotor cortex for a representative participant, projected to the surface of the Freesurfer CVS average-35 in MNI152 brain for visualization; warm colors = P > T, cool = T > P). For each method, regions were defined within either the Human Motor Area Template mask (HMAT, left column; pink outline = S1, lime green = M1, cyan = PMd, purple = PMv) or Freesurfer parcellation (right column; orange outline = precentral gyrus, green = postcentral gyrus). Resting state data from all four sets of ROIs were correlated with data from the a priori non-sensorimotor ROIs (see Figure 1), creating functional connectivity matrices for each participant.






Analyses


Calculating percent signal change

Percent signal change (PSC) was calculated to assess ROI selectivity to either phoneme articulation or finger-tapping. PSC analyses were done in each participant’s anatomical brain.

For fROI selectivity, fROIs were defined using one run of the articulatory localizer fMRI task as described above. To avoid double-dipping within the same data (Kriegeskorte et al., 2009), PSCs were determined for each fROI using an independent task run; as such, only participants with two runs of the articulatory task (n = 11) were included in these analyses. To calculate PSC, the beta weights of phoneme articulation or finger tapping were divided by baseline and multiplied by 100. PSCs were calculated in each run separately (e.g., define fROI in run 1, calculate PSC in run 2; define fROI in run 2, calculate PSC in run 1) and averaged across both runs.

For rsROI selectivity, rsROIs were defined using resting-state connectivity as described above. PSCs were calculated in each rsROI using each run, then averaged across both runs.



Calculating functional connectivity

The mean time course of each non-sensorimotor ROI, rsROI, and fROI was computed from the pre-processed resting-state images. All ROIs were masked prior to calculations to only include voxels located in gray matter. Functional connectivity was calculated using Pearson’s correlations between the time courses of the non-sensorimotor ROIs and each orofacial/finger target region within each participant. To generate normally distributed values, each functional connectivity value was Fisher z-transformed.

Connectivity differences were analyzed using 3- and 4-way mixed ANOVAs, with group (two levels: higher vs. lower misophonia score) as a between-subject variable and non-sensorimotor ROI seed (six levels: A1, planum temporale, and amygdala; posterior, middle, and anterior insula) and orofacial/finger sensorimotor target (levels depending on method) as within-subject variables. Since significant hemispheric differences in connectivity patterns were not observed, ROIs were collapsed across hemispheres for the statistics and graphs reported here. Paired t-tests were conducted for within-group comparisons and independent t-tests for between-group comparisons. To correct for multiple comparisons, we used the Holm–Bonferroni method (Holm, 1979) to control the familywise Type I error rate (corrected p-values are denoted by pHB, uncorrected p-values are additionally provided to aid in interpretation).





Results


Analysis 1: Resting-state region of interest method

First, we sought to theoretically replicate the finding of Kumar et al. (2021) by defining orofacial cortex using resting state connectivity (i.e., rsROIs). Based on their results, we expected to see increased resting-state connectivity in individuals with higher misophonia scores between the PMv rsROI and both the planum temporale and insula.


Human Motor Area Template atlas

A 2 (group: higher vs. lower misophonia score) × 6 (non-sensorimotor ROI: A1, planum temporale, and amygdala; posterior, middle, and anterior insula) × 4 (rsROI: S1, M1, PMd, PMv) mixed ANOVA was conducted to assess sensorimotor connectivity differences associated with misophonia (Figure 4). There was a significant main effect of group (F(1,408) = 53.345, p = 1.481 × 10–12), such that individuals with higher misophonia scores had increased connectivity overall between these pre-selected regions than individuals with lower misophonia scores. Additionally, there was a significant anatomical ROI × rsROI interaction (F(15,408) = 2.145, p = 0.008). Pre-planned independent samples t-tests for each non-sensorimotor ROI–rsROI pairing revealed marginally significant group differences in connectivity between the PMv rsROI and the planum temporale (t(17) = 2.556, p = 0.020, pHB = 0.082) and between the PMv rsROI and posterior insula (t(17) = 2.934, p = 0.009, pHB = 0.037), as predicted. The posterior insula also showed significant group differences in connectivity with the S1 rsROI (t(17) = 2.876, p = 0.011, pHB = 0.037), M1 rsROI (t(17) = 2.542, p = 0.021, pHB = 0.028), and PMd rsROI (t(17) = 2.740, p = 0.014, pHB = 0.032). No other connectivity pairings showed significant differences between groups (see Supplementary Table 2).
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FIGURE 4
Functional connectivity between each HMAT rsROI and each non-sensorimotor ROI. Red bars = average connectivity across the seven participants with higher misophonia scores. Gray bars = average connectivity across the 12 participants with lower misophonia scores. Error bars are standard error of the mean. †pHB < 0.1, *pHB < 0.05.


To explore whether the planum temporale–rsROI or posterior insula–rsROI connectivity varied by misophonia severity, misophonia scores from all 19 participants were correlated with the connectivity values from each pairing (Figure 5). Whereas the four planum temporale pairings did not significantly correlate with misophonia scores after correction for multiple comparisons, misophonia level did significantly correlate with each of the four posterior insula pairings (S1: r = 0.62, p = 0.005, pHB = 0.014; M1: r = 0.54, p = 0.018, pHB = 0.036; PMd: r = 0.51, p = 0.026, pHB = 0.026; PMv: r = 0.70, p = 9.147 × 10–4, pHB = 3.659 × 10–3). To ensure this result was not better explained by demographic or psychopathological differences outside of misophonia, seven measures (OCD, depression, anxiety, stress, age, gender, race) were additionally used as nuisance regressors in a linear model, creating a “pure” metric of misophonia that excluded variance explained by these other variables. Connectivity was then correlated with this “pure” misophonia level as above. Misophonia still uniquely correlates with posterior insula–rsROI connectivity in all four pairings (S1: r = 0.52, p = 0.023, pHB = 0.084; M1: r = 0.53, p = 0.021, pHB = 0.084; PMd: r = 0.41, p = 0.085, pHB = 0.085; PMv: r = 0.49, p = 0.035, pHB = 0.070). As such, the original metric of misophonia will be used hereafter for simplicity.
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FIGURE 5
Functional connectivity between each HMAT rsROI and planum temporale (blue, top row) or posterior insula (green, bottom row), as a function of misophonia score.


Since non-parametric tests can additionally address any issues with smaller samples sizes, we constructed null distributions of possible t-statistics/correlations. We did so by randomly shuffling either group membership or misophonia scores, respectively, 5,000 times, and recalculating the t-statistics/correlation with functional connectivity that would have resulted each time. Each of the significant results mentioned here passed permutation testing (5,000 permutations, p < 0.05).

In sum, an rsROI defined within the PMv region of the HMAT atlas showed increased connectivity to planum temporale and insula in individuals with higher misophonia scores, matching what was found in Kumar et al. (2021). Additionally, rsROIs defined within S1, M1, and PMd also showed increased connectivity to the posterior insula, reflected in both significant differences in connectivity group means and significant correlations with misophonia scores.



Freesurfer atlas

A 2 (group: higher vs. lower misophonia score) × 6 (non-sensorimotor ROI: A1, planum temporale, and amygdala; posterior, middle, and anterior insula) × 2 (rsROI: precentral vs. postcentral gyrus) mixed ANOVA was conducted to assess sensorimotor connectivity differences associated with misophonia (Figure 6A). There was a significant main effect of group (F(1,204) = 21.107, p = 7.600 × 10–6), such that individuals with higher misophonia scores had increased connectivity overall between these pre-selected regions than individuals with lower misophonia scores. Although interactions were not significant, pre-planned independent samples t-tests for each non-sensorimotor ROI–rsROI pairing revealed a marginal uncorrected group difference in connectivity between the precentral rsROI and the planum temporale (t(17) = 1.907, p = 0.074, pHB = 0.147). As with the HMAT atlas, posterior insula connectivity was significantly different between groups for both sensorimotor rsROIs (precentral: t(17) = 2.733, p = 0.014, pHB = 0.028; postcentral: t(17) = 2.249, p = 0.038, pHB = 0.038). Additionally, misophonia scores were positively correlated with connectivity from these areas, marginally so for planum temporale (precentral: r = 0.42, p = 0.076, pHB = 0.076; postcentral: r = 0.46, p = 0.047, pHB = 0.094) and significantly so for the posterior insula (precentral: r = 0.59, p = 0.008, pHB = 0.015; postcentral: r = 0.52, p = 0.021, pHB = 0.021) (Figure 6B). See Supplementary Table 3 for a complete list of results.
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FIGURE 6
(A) Functional connectivity between each Freesurfer rsROI and each non-sensorimotor ROI. Red bars = average connectivity across the participants with higher misophonia scores. Gray bars = average connectivity across the participants with lower misophonia scores. Error bars are standard error of the mean. †pHB < 0.1, *pHB < 0.05. (B) Functional connectivity between each Freesurfer rsROI and planum temporale (blue, top row) or posterior insula (green, bottom row), as a function of misophonia score.


In sum, rsROIs defined within the precentral and postcentral gyri showed a similar pattern of connectivity to planum temporale as what would be expected from results of Kumar et al. (2021). Additionally, as with our HMAT analysis, both rsROIs showed increased connectivity to the posterior insula, reflected in both significant differences in connectivity group means and significant correlations with misophonia scores.




Analysis 2: Functional region of interest method

We were able to show, using our sample of 19 participants from the general population, that individuals with higher misophonia scores do in fact show greater resting-state connectivity between the PMv rsROI and both the planum temporale and insula. However, a critical question remains: is the “orofacial” region defined using resting-state connectivity really an orofacial area? Or, in other words, how do the functionally defined orofacial and finger fROIs connect to the planum temporale and insula?


Human Motor Area Template atlas

A 2 (group: higher vs. lower misophonia score) × 6 (non-sensorimotor ROI: A1, planum temporale, and amygdala; posterior, middle, and anterior insula) × 4 (HMAT region: S1, M1, PMd, PMv) × 2 (fROI: orofacial vs. finger) mixed ANOVA was conducted to assess sensorimotor connectivity differences associated with misophonia with either orofacial or finger cortex (Figure 7). There was a significant main effect of group (F(1,816) = 20.905, p = 5.575 × 10–6), such that individuals with higher misophonia had increased connectivity overall between these pre-selected regions than individuals with lower misophonia scores. Additionally, there was a significant group × fROI interaction (F(1,816) = 8.201, p = 0.004). Probing further, there was a significant main effect of fROI within the higher misophonia group (F(1,288) = 7.818, p = 0.006) but not within the lower misophonia group (F(1,528) = 0.929, p = 0.336). This result revealed that individuals with higher misophonia scores had greater connectivity with finger fROIs than with orofacial fROIs, but individuals with lower misophonia scores showed no difference between orofacial and finger connectivity.
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FIGURE 7
Functional connectivity between each HMAT fROI (top row = Orofacial, bottom row = Finger) and each non-sensorimotor ROI. Red bars = average connectivity across the participants with higher misophonia scores. Gray bars = average connectivity across the participants with lower misophonia scores. Error bars are standard error of the mean. †pHB < 0.1.


Further, pre-planned independent samples t-tests for each non-sensorimotor ROI–fROI pairing revealed only uncorrected group differences in connectivity between the posterior insula and finger fROIs (M1-Finger: t(17) = 2.260, p = 0.037, pHB = 0.224; PMd-Finger: t(17) = 2.439, p = 0.026, pHB = 0.182; PMv-Finger: t(17) = 2.615, p = 0.018, pHB = 0.145); no connections with orofacial fROIs nor with planum temporale were statistically significant, with or without corrections for multiple comparisons (see Supplementary Table 4).

In sum, individuals with higher misophonia scores showed more connectivity between the non-sensorimotor ROIs and finger fROIs than with orofacial fROIs, a result unique to higher misophonia scores only. Additionally, neither orofacial fROIs nor finger fROIs showed significant connectivity with planum temporale in misophonia, and only finger fROIs showed trending connectivity with posterior insula.



Freesurfer atlas

A 2 (group: higher vs. lower misophonia score) × 6 (non-sensorimotor ROI: A1, planum temporale, and amygdala; posterior, middle, and anterior insula) × 2 (Freesurfer region: precentral vs. postcentral gyrus) × 2 (fROI: orofacial vs. finger) mixed ANOVA was conducted to assess sensorimotor connectivity differences associated with misophonia with either orofacial or finger cortex (Figure 8). There was a significant main effect of group (F(1,408) = 6.971, p = 0.009), such that individuals with higher misophonia scores had increased connectivity overall between these pre-selected regions than individuals with lower misophonia scores. Additionally, there was a significant group × fROI interaction (F(1,408) = 5.389, p = 0.021), although both groups showed only a marginal main effect of fROI (higher misophonia group: F(1,144) = 2.856, p = 0.093; lower misophonia group: F(1,264) = 2.357, p = 0.126).
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FIGURE 8
Functional connectivity between each Freesurfer fROI (top row = Orofacial, bottom row = Finger) and each non-sensorimotor ROI. Red bars = average connectivity across the participants with higher misophonia scores. Gray bars = average connectivity across the participants with lower misophonia scores. Error bars are standard error of the mean. *pHB < 0.05.


Pre-planned independent samples t-tests for each non-sensorimotor ROI–fROI pairing revealed only a significant group difference for connectivity between the posterior insula and the precentral-finger fROI (t(17) = 2.882, p = 0.010, pHB = 0.041); no connections with orofacial fROIs nor with planum temporale were statistically significant, with or without corrections for multiple comparisons (see Supplementary Table 5).

In sum, as with the HMAT atlas, neither orofacial fROIs nor finger fROIs defined within the Freesurfer atlas showed significant connectivity with planum temporale in misophonia. However, individuals with higher misophonia scores did show significantly more connectivity between the precentral-finger fROI and posterior insula than individuals with lower misophonia scores.




Region of interest selectivity

As evidenced by the fROI method, the true orofacial motor regions do not show the same pattern of connectivity results that the rsROI method did. Are these previously used rsROIs selective for orofacial movement? To investigate the differences between these ROI methods further, we first compared the degree of overlap between each participant’s rsROI and corresponding fROIs. For each HMAT region, the proportion of fROI overlap was calculated for each participant by dividing the number of voxels in common to both the rsROI and the fROI by the number of voxels of the entire fROI. Overall, the proportion of overlap was low across all regions (M = 0.106, SD = 0.021, range = 0.000–0.455) and did not vary systematically with misophonia level, nor was it significantly different between fROIs. Sparse overlap demonstrates that the rsROIs are not capturing the most selective voxels for either orofacial or finger regions.

Do the rsROIs show any preference for orofacial (or finger) movement at all? For each HMAT rsROI, PSC was calculated using the articulatory localizer fMRI task to determine whether the voxels comprising the rsROI showed an increase in activation to either phoneme articulation or finger-tapping. For a comparison, PSC was also calculated within each fROI, using independent runs from what was used to define the fROI.

First, a 2 (localizer activation: phoneme production vs. finger-tapping) × 4 (HMAT region: S1, M1, PMd, PMv) × 2 (hemisphere: left vs. right) within-group ANOVA was conducted to assess differences in functional selectivity within each HMAT fROI (Figure 9A). There was a significant main effect of hemisphere (F(1,351) = 10.095, p = 0.002), such that left hemisphere fROIs showed greater PSC regardless of task or HMAT region. Additionally, there was a significant activation × region interaction (F(7,351) = 55.918, p = 6.927 × 10–52). To explore further, paired t-tests were calculated between phoneme vs. finger activation within each HMAT fROI. When corrected for multiple comparisons, all sixteen fROIs showed significant selectivity for their respective localizer task. Thus, the fROIs are reliably capturing the function they were intended to represent.
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FIGURE 9
Region of interest (ROI) selectivity to phoneme production (P, red bars) vs. finger-tapping (T, blue bars) in each HMAT region, determined via percent signal change from baseline activation. (A) Selectivity of orofacial fROIs (1st row) and finger fROIs (2nd row). (B) Selectivity of rsROIs described by Kumar et al. (2021) to represent orofacial function. †pHB < 0.1, *pHB < 0.05, **pHB < 0.01, ***pHB < 0.001.


Are the rsROIs, which were previously attributed to orofacial function by Kumar et al. (2021), actually selective for orofacial actions (i.e., phoneme production)? As above, a 2 (localizer activation: phoneme production vs. finger-tapping) × 4 (HMAT region: S1, M1, PMd, PMv) × 2 (hemisphere: left vs. right) within-group ANOVA was conducted to assess differences in functional selectivity within each HMAT rsROI (Figure 9B). The main effect of hemisphere was marginal, with higher activation in the left hemisphere rsROIs overall (F(1,175) = 3.333, p = 0.070), and the activation × region interaction was significant (F(3,17) = 7.855, p = 6.364 × 10–5). However, paired t-tests between phoneme vs. finger activation within each HMAT rsROI revealed little task selectivity; only one of the eight rsROIs showed any preference for phoneme production, and it was marginal after correcting for multiple comparisons (t(10) = 3.230, p = 0.009, pHB = 0.072).




Discussion

What is the underlying neural basis of misophonia? In the present analyses, we show that an ROI within PMv created using resting-state connectivity to planum temporale (as well as the entire PMv region as an ROI, see Supplementary Figure 3) conceptually replicates prior findings (Kumar et al., 2021). This rsROI showed increased connectivity to planum temporale and insula in individuals with higher misophonia scores, corroborating previous neuroimaging findings that auditory cortex and insula are key regions whose connectivity differentiates misophonia from controls (Kumar et al., 2017, 2021; Schröder et al., 2019). Of note, although previous literature has described group differences in the anterior insula, the corresponding coordinates of maxima activation/connectivity fall closer to the posterior insula ROI used in this study; we do not see this as an incompatible finding, but rather an artifact of using different anatomical atlases across the misophonia literature (e.g., Kumar et al., 2017, 2021 used the Neuromorphometrics SPM toolbox; Schröder et al., 2019 used the Anatomical Automatic Labeling toolbox). Additionally, the present results lend credence to the potential involvement of the posterior insula in misophonia, supported by previous findings linking the posterior insula to sensorimotor and auditory processes (Uddin et al., 2017).

Moreover, although we observed a main effect of group, it is not the case that individuals with higher misophonia had higher connectivity with all of our pre-selected non-sensorimotor ROIs: the high vs. low misophonia groups showed no difference in connectivity of A1, supporting previous findings that misophonia is not merely a disorder of lower-level sound properties (Edelstein et al., 2020; Kumar et al., 2021). Our finding was specific to the planum temporale and insula, supporting theories that the abnormalities associated with misophonia concern more higher-level perceptions/context of the sound (Swedo et al., 2021) and personally assigned salience (Schröder et al., 2019). However, using rsROIs created in additional sensorimotor areas and fROIs created from independent task fMRI, we provide evidence that this finding is neither exclusive to (a) motor function, nor (b) orofacial content.

Constraining “orofacial” cortex by using only the voxels within PMv misses out on important non-motor function that may be equally informative to deciphering the mechanism underlying misophonia. For instance, a study investigating the existence of a mirror system in PMv during the observation of mouth actions (e.g., biting an apple, chewing) vs. hand actions (e.g., grasping a cup) notes that, in addition to premotor cortex activation, observation of both mouth and hand actions elicited activation in the inferior parietal lobule (Buccino et al., 2013), a region thought to integrate higher-order sensory and motor information (Fogassi and Luppino, 2005). Moreover, other studies have shown that activation during orofacial/finger tasks can be found both dorsally (Meister et al., 2009) and ventrally (orofacial: Grabski et al., 2012; finger: Ruspantini et al., 2011) in the premotor cortex. By similarly defining an rsROI within each of the four HMAT parcels, we were able to investigate the specificity of the Kumar et al. (2021) finding to ascertain whether differences were unique to PMv. Contrary to the Kumar et al. (2021) conclusion, our analyses showed significantly higher connectivity in misophonia between the insula and rsROIs defined within all four HMAT regions (S1, M1, PMd, PMv). This is noteworthy for a few reasons: First, differences outside of just PMv limit the viability of mirror neurons as being the causal instigator of misophonia, given that mirror neurons are thought to be mainly located in PMv/area F5 (Fabbri-Destro and Rizzolatti, 2008). Second, our current findings of differential insular connectivity to rsROIs created within S1 and the postcentral gyrus, combined with the parietal lobe activation found in previous work, suggest potential sensory (not just motor) mechanisms that may underlie misophonia.

Further, for the first time to our knowledge, the present experiment provides a possible neural substrate for the non-orofacial triggers in misophonia. Using fROIs constructed from participants tapping their fingers in the scanner, we find that these finger regions–both in motor and somatosensory areas–show significant differences in connectivity to the insula in individuals with higher misophonia scores. If misophonia was a condition of aversion to solely (or primarily) oral/nasal triggering stimuli, there would not have been any reason to see systematic differences in connectivity between insula and finger regions. However, neural differences to finger regions seem plausible, given the plethora of non-oral/nasal misophonia triggers that are made using the fingers, either alone (e.g., finger-tapping; Cavanna and Seri, 2015; Claiborn et al., 2020) or with an object (e.g., typing on a keyboard, clicking a pen, clicking a mouse, etc.; Edelstein et al., 2013; Hansen et al., 2021). Moreover, prior work using magnetoencephalography (MEG) has shown similar neural representations in human primary motor cortex when participants tap a drum with their finger as when they observe or hear the drum being tapped (Caetano et al., 2007), demonstrating an involvement of finger motor cortex in finger-related sounds. To briefly address the existence of non-orofacial triggers, Kumar et al. (2021) posited that other triggers are acquired through associative learning after the orofacial trigger is acquired, without allowing for the possibility that non-orofacial triggers (like finger-tapping) might also be neurally represented. As a whole, our finding casts doubt on this explanation and supports direct neural representation for non-orofacial triggers.

Additionally, given the low overlap between the rsROIs and the fROIs used in this experiment (see Supplementary Figure 2 for a depiction of PMv ROIs) and the low selectivity of the rsROIs in general, there is doubt as to what the function(s) of the voxels comprising the rsROIs actually are. It would appear that the voxels most strongly connected to the planum temporale in resting state are neither entirely orofacial nor entirely finger voxels; if they were, we would expect to find some task-based selectivity of these voxels to either phoneme production or finger-tapping. This finding opens the door to discovery of what those rsROIs are actually responsive or selective to, perhaps illuminating a more nuanced mechanism to misophonia than just “mirroring” the production of triggers.

It is worth noting that the participants we studied were members of the general population, not specifically misophonia-sufferers. They were not recruited (or excluded) for having particular misophonic triggers. The participants varied in their identification with misophonic experiences, demonstrating the commonality of mild misophonia in the general population (Wu et al., 2014; Zhou et al., 2017). However, the sample of individuals with higher misophonia scores was comparatively small and experienced less severe misophonia than the misophonia sample in Kumar et al. (2021) similarly, the individuals with lower misophonia scores were not a true control group. Despite these weaknesses, our analyses still showed significant between-group connectivity differences even with groups more similar in misophonia severity. A replication of the rsROI method within this sample lends credence to the power of the data to reveal group differences, if they existed. Further, correlating misophonia severity with connection strength between the insula and sensorimotor regions revealed that these connections are systematically stronger with worse misophonia severity. Nevertheless, future studies should seek to incorporate individuals with more extreme misophonic discomfort in larger sample sizes to ascertain stronger group differences.

Regardless, the present results have important implications for the study of misophonia moving forward. As we have previously argued, misophonia ought to be conceptualized as more than just an aversion to oral/nasal sounds (Hansen et al., 2021). Neural evidence provided here of abnormal connectivity to functionally defined finger regions underlines this point. Further, these results urge an expanded view of the underlying mechanisms of misophonia. (Kumar et al., 2021) discovered that connectivity within motor cortex differed in misophonia, and the data presented here expands this mechanism by showing differences in sensory cortex, too; thus, both motor and sensory routes should be studied further as possible misophonia explanations. Taken together, these results take us one step closer to understanding the multitude of presentations of which misophonia likely exists, which is crucial for inclusive diagnosis and treatment.
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Background/Aim: Misophonia is a disorder characterized by reduced tolerance to specific sounds or stimuli known as “triggers,” which tend to evoke negative emotional, physiological, and behavioral responses. In this study, we aimed to better characterize participants with misophonia through the evaluation of the response of the autonomic nervous system to “trigger sounds,” a psychometric assessment, and the analysis of the neurological pathways.

Materials and methods: Participants included 11 adults presenting with misophonic disturbance and 44 sex-matched healthy controls (HCs). Following recently proposed diagnostic criteria, the participants listened to six “trigger sounds” and a “general annoyance” sound (baby crying) during a series of physiological tests. The effects were examined through functional magnetic resonance imaging (fMRI), the analysis of heart rate variability (HRV), and of galvanic skin conductance (GSC). The fMRI was performed on a 3T Scanner. The HRV was obtained through the analysis of electrocardiogram, whereas the GSC was examined through the positioning of silver-chloride electrodes on fingers. Furthermore, the psychometric assessment included questionnaires focused on misophonia, psychopathology, resilience, anger, and motivation.

Results: Participants with misophonia showed patterns of increased sympathetic activation in response to trigger sounds and a general annoyance sound, the low frequency (LF) component of HRV, the sympathetic index, and the number of significant GSC over the threshold, where the amplitude/phasic response of GSC was higher. The fMRI analysis provided evidence for the activation of the temporal cortex, the limbic area, the ventromedial prefrontal/premotor/cingulate cortex, and the cerebellum in participants with misophonia. In addition, the psychometric assessment seemed to differentiate misophonia as a construct independent from general psychopathology.

Conclusion: These results suggest the activation of a specific auditory-insula-limbic pathway at the basis of the sympathetic activation observed in participants with misophonia in response to “trigger and general annoyance sounds.” Further studies should disentangle the complex issue of whether misophonia represents a new clinical disorder or a non-pathological condition. These results could help to build diagnostic tests to recognize and better classify this disorder. The relevance of this question goes beyond purely theoretical issues, as in the first case, participants with misophonia should receive a diagnosis and a targeted treatment, while in the second case, they should not.

KEYWORDS
anatomic pathways, autonomic system, functional magnetic resonance, psychometric assessment, trigger sounds


Introduction

The recent consensus work of experts has led to the definition of misophonia as a reduced tolerance to specific sounds or stimuli related to them (Ferrer-Torres and Giménez-Llort, 2022). These “trigger” stimuli can generate strong negative emotional, physiological, and behavioral reactions that are not commonly observed by the majority of people (Sweedo et al., 2022). For individuals with misophonia, it is difficult to distract themselves from trigger sounds, and they may experience a range of unpleasant consequences, such as suffering, distress, overall functioning impairment, and mental health problems. In individuals suffering from misophonia, symptoms should not be better explained by any co-occurring disorder, including psychiatric conditions or disorders, such as anxiety disorders, mood disorders, personality disorders, obsessive, compulsive related disorders, post-traumatic stress disorder, autism spectrum disorder, and attention deficit hyperactivity disorder.

Past studies showed that subjects with misophonia can exhibit a wide range of “triggers” (Daniels et al., 2020; Jager et al., 2020a), which can be different from one subject to another. Although each person can have his/her own “trigger” stimuli, there are some that, more than others, can better serve as “misophonic triggers.” In particular, sounds associated with oral functions like chewing, eating, and swallowing are the most often reported as misophonic triggers. Also, sounds produced by other people, such as pen clicking, keyboard typing, finger or foot tapping, and shuffling footsteps often serve as “triggers.”

In response to those “trigger” stimuli, individuals with misophonia may experience anger, irritation, anxiety, and aggressive impulses, as well as symptoms related to autonomic nervous system activation, such as motor tics and increased heart rate (Edelstein et al., 2013; Webber et al., 2014; Palumbo et al., 2018). In addition, patients often develop coping mechanisms, such as avoiding social situations in which the trigger stimuli might occur (Schröder et al., 2013; Taylor et al., 2014; Potgieter et al., 2019). To date, it has been clarified that misophonia is an affective auditory processing disorder (Edelstein et al., 2013; Erfanian et al., 2017; Kumar et al., 2017) associated with an increased number of connections, or strength of connections, between the limbic and sympathetic nervous systems, which can cause abnormal processing of sound stimuli. In participants with misophonia, increased functional connectivity within brain regions like the anterior insular cortex (AIC), the anterior cingulate cortex, the ventromedial prefrontal cortex, the posteromedial cortex (posterior cingulate and retrosplenial cortex), the hippocampus, and the amygdala (Kumar et al., 2017) could reflect abnormal salience attribution to misophonic stimuli (Schröder et al., 2019; Seeley, 2019). In particular, it is noteworthy that the ventromedial prefrontal cortex and posteromedial cortex are core parts of the default mode network (DMN) (Raichle et al., 2001), which are connected to AIC and are activated when subjects are engaged in internally directed thoughts and retrieval of memories (Huijbers et al., 2011).

Repeated exposure to the same cues will amplify the salience network activity. The causal mechanism of this phenomenon reflects a conditioned response in which the initially neutral stimulus is increasingly associated with intensified aversive emotions and augmented by increased vigilance (Schröder et al., 2019). Among those areas, the anterior cingulate cortex and insular activity have been linked to increased cardiovascular arousal (Critchley, 2005). This statement was confirmed by the study of Kumar et al. (2017), which showed that the augmented heart rate (HR) and galvanic skin response by “trigger sounds” were mediated by the activity of AIC in participants with misophonia.

Therefore, the nervous structures mentioned above could represent the anatomical basis of the symptoms related to the activation of the autonomic nervous system that characterizes misophonia and could explain the visceral responses associated with emotions (Schwartz et al., 1981).

Recently, increased connectivity between both the auditory and the visual cortex, and between those brain regions and the ventral premotor cortex, has been reported in response to trigger sounds in subjects with misophonia (Kumar et al., 2021). This is of interest as the ventral premotor cortex is responsible for orofacial movement (Grabski et al., 2012). These findings support a model of misophonia based on “hyper-mirroring” according to which sounds would be the “medium” through which actions of other people are excessively mirrored.

Although knowledge about misophonia has increased, a complete analysis of the neuropsychiatric features, of the autonomic nervous system activation and of the neuronal pathways in participants with misophonia (Sweedo et al., 2022) in response to “trigger” sounds, is still lacking. In particular, previous studies have focused either on only one of the aspects mentioned above or have only partially investigated the activation of the autonomic nervous system by recording a few parameters related to the orthosympathetic/parasympathetic nervous system. Furthermore, the sample size calculation was not performed.

In the present study, we aimed to better characterize misophonia through the integrated evaluation of the physiologic, psychiatric, and neurological correlates in response to a trigger sound protocol in participants with misophonia. In particular, our primary endpoint was the analysis of the orthosympathetic/parasympathetic balance during the application of six “trigger sounds” and one “general annoyance” sound. To reach our primary endpoint, the sample size was calculated on the basis of previously reported tests related to the activation of the orthosympathetic nervous system in participants with misophonia. The data obtained in the present study were correlated with the psychometric assessment and the anatomic pathways activated during the trigger sounds protocol, which was investigated through functional magnetic resonance imaging (fMRI).



Materials and methods

We performed a double-blind case-control study by comparing subjects complaining of misophonic disturbances (participants with misophonia, N = 11) to gender-matched healthy controls (HCs) (N = 44) on the following variables: the fMRI, the analysis of heart rate variability (HRV), galvanic skin conductance (GSC), and psychiatric assessment. The study was approved by the local Ethical Committee, Azienda Ospedaliero-Universitaria Maggiore della Carità, Novara (CE 81/18). Participant recruitment took place from April 2018 to January 2020; subjects (or their legal representatives) were asked to sign a written informed consent and were treated according to Good Clinical Practice principles (Declaration of Helsinki: 2013).

The participants with misophonia were recruited from the community through the online misophonia support group (Misofonia Italia in Facebook). The HCs were recruited through local advertisements. The recruitment of the participants was carried out through an interview conducted according to the model proposed by Sanchez and da Silva (Schröder et al., 2013; Sanchez and da Silva, 2018). The selection was executed by an experienced psychiatrist.

Other potentially comorbid medical conditions were investigated as well.

Inclusion criteria were as follows: age ≥14 years, presence of at least one misophonic symptom, and written informed consent by each subject or parents.

Exclusion criteria were as follows: diagnosis of cardiac or neurologic disease, diabetes, intellectual disability/dementia/cognitive impairment, autoimmune/inflammatory diseases, pregnancy, use of medications, such as α or β blockers, diuretics, calcium channels blockers, smoking habits (>1 cigarette day), use of alcohol/psychoactive substances, unwillingness to participate and/or to sign the written informed consent. Participants were recruited based on the evidence of near-normal hearing as documented from previous visits relating to occupational medicine.

The participants with misophonia and HCs were instructed to abstain from caffeinated beverages for 24 h and from moderate or strenuous physical activity for 48 h before the analyses.


Trigger sounds protocol

Before beginning the study, the subjects were given a detailed explanation of the experimental procedures. They were instructed to fast for at least 3 h before the beginning of the experiment and all the evaluations were conducted from 9 a.m. to 1.30 p.m. All the participants underwent a rest period lasting 15 min before the start of the procedures (psychometric assessment, HRV, GSC, and fMRI analysis), in a quiet room with a controlled temperature between 26 and 27°C. We have chosen this temperature because it is the one that is reported to be the most comfortable for patients subjected to HRV analysis (Liu et al., 2008). In addition, the results of the GSC measurement are not affected by the selected temperature range (Doberenz et al., 2011). All evaluations were performed in a blinded condition.

In each subject, six different stimulations with sounds that have been widely reported as “triggers” (Edelstein et al., 2013; Kumar et al., 2017; Sweedo et al., 2022) were administered in the following sequence to avoid any bias when interpreting the statistical results: crunchy sound, nails tapping, chewing sound, fast breathing, typing, and click pen sound. Baby crying was used as the “general annoyance” sound, too. The audio clips were selected from YouTube and were composed by means of Audacity software (free and open-source digital audio editor and recording application software licensed under GPL-2.0) which allowed us to remove the background noise and adjust the volume to 70 dB HL. In particular, the sounds were adjusted by selecting the individual parts to get a normalization, in order to have a uniform amplitude. This was done by normalizing the peak width between 0.1 and 0.5 dB HL. As for the measurement of the output volume in headphones, Audacity has its own dB measurement system. The soundtracks were administered to the participants with misophonia and HCs by Beats Solo2 Headphones, with a sensitivity of 115 dB/mW, and an impedance of 45 ohms.

Moreover, each sound did not exceed the 70 dB HL limit, so as to make the experimental conditions as similar as possible to the real context.

The pattern of stimulation for each sound was as follows: 5 s silence, 30 s sound, 10 s silence, 30 s sound, 10 s silence, 30 s sound, 10 s silence, 30 s sound, and 5 s silence (total period of stimulation for each sound: 2 min and 40 s; five periods of silence and four sound applications; Figure 1).
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FIGURE 1
Flowchart about the trigger sounds protocol. The entire sounds stimulation protocol was made of seven patterns of stimulation (six “trigger sounds” and one “annoyance sound”). All patterns were included in a single track. We measured the baseline GSC and HRV variables during each period of stimulation for comparison with the same values at baseline. GSC, galvanic skin conductance; HRV, heart rate variability.


This pattern of stimulation was preceded and followed by 2 min and 20 s, to allow the return to the baseline before the following stimulation, respectively.

The trigger sounds protocol was similar, in terms of duration and repetition of each sound/silence period, for the psychiatric assessment and the analysis of HRV and GSC. The only difference was during fMRI, where the silence period was 30 s instead of 10 s; this was due to the technical specifications of the fMRI equipment. Thus, the overall time of stimulation was about 42 min.



Psychometric assessment

Each participant was assessed with a protocol of psychometric tests, including both clinician-rated and self-rated tools, as detailed below. The psychometric assessment was performed by an experienced psychiatrist, trained in the use of the assessment tools described below.

We chose to include several of the available measures for misophonia, as most of them are not fully validated and show intrinsic limitations (for instance, they do not measure the actual magnitude of response to triggers), which is the reason why there have been recent attempts to develop new tools in this field of research (Dibb et al., 2021).

As possible associations have been suggested between misophonia and psychiatric disorders and/or symptoms, including anxiety, depression, and obsessive-compulsive tendencies, in our psychometric assessment, we included an overall measure of psychopathology (Symptom Checklist 90-R) and specific measures for the symptoms detailed above. Some of these measures are clinician-rated to avoid the possible biases of self-rated questionnaires. Last, we included a measure of resilience, which can be defined as the process of adapting well in the face of adversity and stress (American Psychological Association, 2014).

While we clearly expected to find higher scores on the misophonia scales in participants with misophonia when compared with controls, two scenarios could be hypothesized for the psychopathological measures: no difference between participants with misophonia and controls, or higher scores in participants with misophonia compared to controls, which would suggest a possible overlap of the misophonia construct with psychopathological symptoms. Regarding resilience, we were interested in assessing possible differences between the two groups, groups with possibly lower resilience ratings suggesting poorer resources in participants with misophonia in adapting to perceived stressors.


Amsterdam Misophonia Scale

This scale is an adaptation of the Yale-Brown Obsessive Compulsive Scale (Y-BOCS) to address misophonic symptoms. It has six items, scored from 0 (no symptom) to 4 (extreme). Scores 0–4 suggest subclinical misophonic symptoms, 5–9 mild, 10–14 moderate, 15–19 severe, and 20–24 extreme (Schröder et al., 2013).



Misophonia Questionnaire

The Misophonia Questionnaire (MQ) is a three-part self-rated questionnaire that evaluates the presence of misophonic symptoms, the resulting emotions and behaviors, and the overall severity of sound sensibility. Misophonia symptoms and resulting emotions and behaviors are assessed with 19 items which can be scored from 0 (not at all true) to 4 (always true). Ratings from the first two parts are summed together to produce a total score ranging from 0 to 72. Misophonia sound sensitivity severity is rated on a scale from 1 (minimal) to 15 (very severe) with a score greater than or equal to seven indicating clinical misophonia (McKay et al., 2018). Initial validation of the MQ indicates good internal consistency for the symptom scale (α = 0.86), the emotions and behaviors scale (α = 0.86), and total score (α = 0.89) (Wu et al., 2014).



Misophonia Activation Scale

This is a clinician-rated scale focusing on physical and emotional reactions to the trigger sounds in misophonic subjects. Participants are presented with 11 levels of responses to the known and personal misophonic triggers, with higher levels of response reflecting the severity of the disorder. The score ranges from 0 (no reaction to specific sound) to 10 (physical aggression, both self and others-directed) (Fitzmaurice, 2010).



Misophonia Assessment Questionnaire

The Misophonia Assessment Questionnaire (MAQ) includes 21 questions about the time spent on thoughts and feelings related to misophonic cues, evaluated on a four-points Likert-type scale ranging from 0 (not at all) to 3 (always true). Scores ranging from 0 to 11 indicate subclinical misophonic symptoms, 12–24: mild, 25–37 moderate, 38–50 severe, and 51–63 extreme (Johnson, 2014).



Yale-Brown Obsessive Compulsive Scale

Clinician-rated, 10-item scale, which assesses the severity of obsessions and compulsions in the week prior to the test. Total scores range from 0 to 40 (Goodman et al., 1989).



Hamilton Anxiety Rating Scale

This clinician-rated scale consists of 14 items, measuring both the mental anxiety (psychological distress) and somatic anxiety (physical symptoms related to anxiety). The total score ranges from 0 to 56, where <17 indicates mild severity, 18–24 mild to moderate severity, and 25–30 moderate to severe symptoms (Hamilton, 1959).



Hamilton Depression Rating Scale

The Hamilton Depression Rating Scale (HAM-D) is a clinician-rated 24-items test. The evaluation for most items is the result of the integration between the objective observation of signs and subjective exposure of symptoms, although the severity criterion mainly refers to the former. Scores 0–9 indicate subclinical depression, 10–13 mild depression, 14–17 moderate depression, and greater than17 indicate severe depression (Hamilton, 1960).



State-Trait Anxiety Inventory 1 and 2

It is a 40-item self-administered test for the assessment of state and trait anxiety. Each item is rated from 1 to 4 (1 = not at all, 4 = severe), and no specific cut-offs exist. The higher the score, the higher is the anxiety. Internal consistency coefficients for the scale ranged from 0.86 to 0.95; test–retest reliability coefficients ranged from 0.65 to 0.75 over a 2-month interval. Test–retest coefficients for this measure in the present study ranged from 0.69 to 0.89 (Spielberger, 1989).



Resilience Scale for Adults

It is a 33-item self-administered scale evaluating intra- or inter-relational stress-preventing factors (positive self-perception, positive future perception, social competence, structured style, family cohesion, and social resources). The higher the total score, the greater is the subject’s resilience. The Resilience Scale for Adults (RSA) is reliable, with good internal consistency demonstrated by Cronbach alpha values ranging from 0.79 to 0.88 in various studies, while among the six factors, it ranges from 0.67, for the structured style, to 0.81, for the perception of Self (Friborg et al., 2005).



Symptom Checklist 90 Revised

The Symptom Checklist 90 Revised (SCL-90-R) is a multidimensional self-report measure that assesses the severity of current psychological symptoms and distress. It assesses nine symptom dimensions: somatization, obsessive–compulsive, interpersonal sensitivity, depression, anxiety, hostility, phobic anxiety, paranoid ideation, and psychoticism. It also includes three global indices of psychological distress: global severity index (number of symptoms endorsed and intensity of distress), positive symptom distress index (average level of distress for those items that were endorsed; exaggerating or attenuating response style), and positive symptoms total (total symptoms endorsed/breadth of distress). All the Italian version subscales show a good internal coherence, with α-values between 0.70 and 0.96 (Derogatis, 1992).




Analysis of heart rate variability and galvanic skin conductance

In order to achieve our primary endpoint, which was related to the evaluation of the orthosympathetic/parasympathetic balance, we performed analyses of HRV and GSC, which are widely adopted methods for the assessment of the autonomic nervous system (Mackersie and Calderon-Moultrie, 2016). In particular, we expected to find increased parameters of HRV and GSC related to orthosympathetic activation in the participants with misophonia and increased parameters of HRV and GSC related to parasympathetic activation in the HCs.

Heart rate variability and GSC were monitored before (baseline) and during the trigger sounds protocol at the Laboratory of Physiology. In particular, we have extrapolated the numerical values of the entire registrations through special programs, as reported below. Thereafter, values were taken from the baseline and from the end of the trigger sounds protocol and were used to calculate an average value (Figures 2–4) and to make the graphs. All this was done for each sound and for each participant. The HRV was obtained through automatized analysis of electrocardiogram (ECG) by Kubios.
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FIGURE 2
Effects of the trigger sounds protocol on HRV variables in participants with misophonia and participants without misophonia [healthy controls (HCs)] vs. specific baseline (set as 1). The results show increased orthosympathetic variables (LF, LF/HF) in participants with misophonia and increased parasympathetic variables (HRV triangular index, RMSSD) in participants without misophonia in comparison with values registered at baseline. It is also to note that the parasympathetic variables (HF, HRV, and RMSSD) were decreased in participants without misophonia RMS in comparison with values registered at baseline LF, low frequency (A); HF, high frequency (B); LF/HF (C), low frequency/high frequency ratio; HRV (D), heart rate variability triangular index; RMSSD (E), the root mean square of successive differences between normal heart beats. The results are the mean ± SE. The parenthesis indicate significance between groups, as specified in panel (F). In panel (F), the explanation for various groups’ representation is reported. The statistical analysis between M and HCs was performed through the Mann–Whitney test, whereas the statistical analysis between M/HCs and baseline was performed through the Wilcoxon test.
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FIGURE 3
Effects of the trigger sounds protocol on HRV variables in participants with misophonia and participants without misophonia [Healthy controls (HCs)] vs. specific baseline (set as 1). The results show increased orthosympathetic variables (SNS index, Stress index, and VLF) in participants with misophonia in comparison with values registered at the baseline. It is also to note that the parasympathetic variables (PNS index and mean RR) were decreased in participants without misophonia in comparison with values registered at baseline. SNS (A), sympathetic; PNS (B), parasympathetic; stress index (C), stress index; RR (D), interval the elapsed time between ECG R waves; VLF (E), very low frequency; SDNN (F), standard deviation of RR intervals. The results are the mean ± SE. The parentheses indicate significance between groups, as specified in Figure 2F. Various groups are represented as in Figure 2. The statistical analysis between M and HCs was performed through the Mann–Whitney test, whereas the statistical analysis between M/HCs and baseline was performed through the Wilcoxon test.
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FIGURE 4
Effects of the trigger sounds protocol on GSC variables in participants with misophonia and participants without misophonia [Healthy controls (HCs)] vs. specific baseline (set as 1). The results show increased orthosympathetic variables (CDA.nSCR, CDA.AmpSum, CDA.SCR, CDA.iSCR, CDA.PhasicMax, and CDA.Tonic) in participants with misophonia in comparison with values registered at the baseline (set as 1). In participants without misophonia, some of those variables related to orthosympathetic activation (CDA.AmpSum and CDA.PhasicMax) were lower in comparison with values registered at the baseline. CDA, continuous decomposition analysis; SCR, skin conductance response; CDA.nSCR (A), SCRs within response window (wrw); CDA.AmpSum (B), sum of SCR-amplitudes of significant SCRs; CDA.SCR (C), continuous decomposition analysis skin conductance response; CDA.iSCR (D), integral of SCR over the 10-s non-overlapping time; CDA.PhasixMax (E), maximum value of phasic activity wrw; CDA.Tonic (F), the mean tonic activity wrw. The results are the mean ± SE. The parentheses indicate significance between groups, as specified in Figure 2F. Various groups are represented as in Figure 2. The statistical analysis between M and HCs was performed through the Mann–Whitney test, whereas the statistical analysis between M/HCs and baseline was performed through the Wilcoxon test.


The data from ECG and GSC were recorded together on sitting subjects; furthermore, the subjects were seated in front of a white wall without any possible distraction and were asked to fixate on a point on the wall.


Heart rate variability analysis

Heart rate variability parameters were obtained by the computerized analysis of 6-lead ECG performed through Easy ECG pocket and Software Easy View Plus Stress, Ates Medical Device, Colognola Ai Colli, Verona, Italy. Kubios HRV program version 3.1.0 was used to analyze the collected data in both the time domain and frequency domain, as previously described (Tarvainen et al., 2014).

In particular, in the time domain, the following variables have been measured: mean RR (means of RR intervals, at RR intervals, or the elapsed time between ECG R waves), standard deviation of RR intervals (SDNN, for vagal activity) (Gernot, 2017; Forte et al., 2019), and the root mean square of successive differences between normal heart beats (RMSSD, for vagal activity). In the frequency domain, the following variables have been measured: high frequency (HF, for vagal activity), low frequency (LF) (LF, sympathetic activity, or a mix between sympathetic and vagal influences), LF/HF (sympathetic activity), very low frequency (VLF, for sympatho-vagal balance) and the HRV triangular index (for vagal activity).

In addition, sympathetic (SNS), parasympathetic (PNS) index, and the stress index have been examined through Kubios analysis of the registrations.



Galvanic skin conductance analysis

In order to collect GSC, a pair of Ag-AgCl electrodes was attached to the palmar surface of the middle and ring fingers of the participant’s non-dominant hand. Prior to attachment, participants’ hands were cleaned with an alcohol wipe and a skin conductance gel was applied to each electrode.

Galvanic skin conductance was recorded with a Shimmer3 GSR+ unit wireless device (Shimmer Research Ltd., Dublin, Ireland), with two 8 mm Ag chloride electrodes (GSR electrodes shimmer sensins), closed by velcro. Between electrodes, a constant potential of 0.5 V was maintained.

The recorder was connected via Bluetooth to a portable PC and the recorded data were shown on Consensys Pro (official Shimmer acquisition software) interface PC window, over a range 0–100 micro S (μS). The gain parameter was set at 5 μs/V and A/D resolution was set at 16 bits in order to acquire data over this time range. The sample acquisition rate was 30 samples/s (Gatti et al., 2018).

Analysis of skin conductance data was performed with Matlab version R2015a (The Mathworks, Natick, MA, United States) using Ledalab v3.4.7 and custom analysis programs. The raw skin conductance data were downsampled to 8 Hz and visually examined for the presence of motion artifacts, as indicated by HF fluctuations in the signal amplitude. The relatively few artifacts that were identified were replaced using linear interpolation. The GSC analysis was performed by using a continuous decomposition analysis (CDA) method in order to capture only the variations of the activity, under stimulation, that reflected an effective difference from baseline in each subject (Benedek and Kaernbach, 2010). In this case, period analysis was done only at every 10 s stimulation peak, and the results consisted of the average of GSC during the entire stimulation period.

The CDA was performed to separate the tonic component [skin conductance level (SCL)] and the phasic component [skin conductance response (SCR)] of the signal, using an amplitude criterion of 0.04 μS for defining SCRs, which reveals the activation of the sympathetic nervous system (Benedek and Kaernbach, 2010; Staib et al., 2015; Clark et al., 2018; Posada-Quintero et al., 2020).

Measured variables were as follows: the number of significant (above-threshold) SCRs within the response window (CDA.nSCR), the sum of SCR amplitudes of significant SCRs within the response window (reconvolved from the corresponding phasic driver-peaks) (CDA.AmpSum in μS), the mean tonic activity within the response window (of decomposed tonic component) (CDA.Tonic in μS), the maximum value of phasic activity within the response window (CDA.PhasicMax in μS), and the integral of SCR over the 10-s non-overlapping time (CDA.iSCR in μS × s), which was calculated to represent the overall SCR in a certain time period. The CDA.iSCR is thought to capture the cumulative effect of the signals while avoiding any influences by the usually arbitrary decision of the thresholds for peak detection and event definition (Zhang et al., 2018; Kim et al., 2019).




Functional magnetic resonance imaging analysis

The objective of the fMRI analysis was to describe the neural correlates of activation in participants with misophonia and to identify any abnormally activated cortical areas compared to healthy subjects. We expected to observe an activation of areas within the central nervous system involved in the control of the orthosympathetic/parasympathetic balance and in the processing of emotions in participants with misophonia during the trigger sounds protocol. Brodmann’s classification system was used for the definition of cortical areas.


Resonance magnetic imaging specificity and protocol

A 3-Tesla Magnetic Resonance scanner was used (Ingenia, Philips, Bergen, Norway) with a multichannel head coil (16 channels) and a NordicAktiva (NordicNeuroLab) fMRI system for stimulus administration.

The fMRI protocol was a continuous scanning protocol with two conditions, sound and silence. BOLD sequences, T1-weighted, and T2-weighted sequences were acquired for functional and anatomical reconstructions.

The parameters of T1-weighted sequence were as follows: FOV 130 × 130 × 120, voxel size = 2 × 2 × 4 mm, slice thickness = 4 mm, MPRAGE sequence, TR = 3000 ms, TE = 35 ms, flip angle = 90°, and acquisition matrix = 96 × 94. The parameters of BOLD sequences were as follows: FOV 182 × 240 × 256, voxel size = 1 × 1 × 1, slice thickness = 4 mm, TR = shortest, TE = shortest, flip angle = 8°, and acquisition matrix = 320 × 300.

The sounds were administered according to the trigger sounds protocol; during the fMRI continuous scanning protocol, for each sound, a sequence was repeated, which included four periods of sound presentation (30 s duration each) and 5 periods of silence (30 s duration each) where no sound was emitted, as described above. The total duration of this protocol was 41 min and 18 s (including centering and morphological T1 sequences).



Patient preparation

Each participant, before being positioned inside the MRI scanner, was instructed by the radiologist about the execution of the examination, the background sounds, the timing, and the protocol in use. No information was provided on the nature of the sound.

Before starting the acquisition, head coils and soundproofing headphones were used for the subjects (external noise reduction of about 30 dB). The chosen volume amounted to about 70 dB HL, which was set up before the starting fMRI through the machine software. This sound intensity reflects the average intensity value found in everyday life. Therefore, it represents a sound intensity that participants with misophonia may commonly encounter.

At the end of the fMRI scan, oral feedback on the perception of sounds was requested. All participants confirmed that they heard and recognized the sounds.



Post-processing analysis

Once the data were acquired, data were converted into DICOM format with the MRIcroGL software and then reconstructed with the SPM12 Software (2020) (SPM12, updated at October 2014). Within- and between-group comparisons were made in results obtained through the fMRI. The statistical performed parameter mapping (SPM) analysis was the same for all subjects and verified by an experienced operator external to the study.

Functional images were realigned to correct for motion, spatially transformed to standard stereotaxic space (based on the Montreal Neurological Institute coordinate system) and smoothed with an 8-mm full-width at half-maximum Gaussian kernel to decrease spatial noise prior to statistical analysis. Rotational motion in degrees (pitch, roll, and yaw), and translational movement in millimeters (x,y,z), were calculated based on the SPM12 parameters for motion correction of the functional images in each subject. No participants had movement greater than 2.5-mm translation or 3 degrees of rotation; therefore, none were excluded from further analysis. One-sample t-tests were performed to reveal statistically significant signal differences generated by trigger sounds and the general annoyance sound in participants with misophonia and HCs. The family-wise error rate corrected to p < 0.05 was used for all analysis methods (Nandy and Cordes, 2004).

During the fMRI model estimation process, reconstruction was performed for p-values = 0.1 (that were not statistically significant) without the family-wise error rate correction, as a control for an actual BOLD signal recording. All participants showed the presence of a signal; therefore, none were excluded from further analysis.

All reported areas having a statistically significant p-value and a cluster size greater than 2 were considered as “activated areas” or “activation.” No masks were applied during the post-processing analysis.




Statistical analyses

The calculation of the sample size was performed based on the primary endpoint, which in our study was defined as an activation of the autonomic nervous system. To do this, we considered a quantitative parameter related to the activity of the orthosympathetic system, that is GSC. Literature data reported a difference in the GSC between HCs and participants with misophonia amounting to 0.15 ± 0.4 μS (Edelstein et al., 2013). Using a statistical power of 80% and an alpha error of 0.05, we obtained a total of 55 subjects divided between 11 participants with misophonia and 44 HCs (controls). Misophonic and control groups were compared through descriptive statistics. Categorical data are reported as a percentage and absolute frequencies. Continuous data are summarized as mean ± standard deviation (SD) or standard error (SE). Wilcoxon-type and Mann–Whitney tests were performed for continuous variables and the Pearson chi-square test or Fisher-exact test, for categorical variables.

A generalized linear mixed effect (GLME) model was used to examine and compare response trends over time (during the trigger sounds protocol vs. baseline), compare group averages (HCs vs. participants with misophonia), and compare the measurement time within each group (interaction term). A random effect (intercept) on the subject’s identification code term has been considered to account for correlations within repeated measurements across time. The time effect with group membership interaction was also considered as a fixed-effect factor to adjust the estimates, together for sex and age. Separate univariable models were estimated. The p-values were adjusted for multiple endpoints by considering the Benjamini–Hochberg correction. The model estimates together with the SE and p-values are reported. The HRV and GSC results are presented in Figures 2–4 created using GraphPad Prism 6.

P-values < 0.05 were considered statistically significant. Statistical analyses were conducted using R 3.5.2 with rms packages (Core and Team, 2019) and lme4 (Bates et al., 2015).




Results

Data from participants with misophonia and HCs are reported in Table 1. The two groups were significantly different with regard to age, with the misophonic subjects being older than HCs.


TABLE 1    Anthropometric variables.
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Psychometric assessment

Table 2 shows significant group differences for the psychometric assessment between misophonic subjects and HCs. The most striking result emerging from the psychometric assessment is that, as expected according to the study sampling procedure, subjects in the misophonia group scored significantly higher on all the questionnaires specifically assessing the misophonia construct [Amsterdam Misophonia Scale (A-MISO-S), Misophonia Activation Scale (MAS-1), MQ, and MAQ]. In contrast, we failed to find group differences in the questionnaires assessing the overall psychopathology (Symptom Checklist-90-R), obsessive-compulsive, depressive, and anxiety symptoms [Y-BOCS, HAM-D, Hamilton Anxiety Rating Scale (HAM-A), and State-Trait Anxiety Inventory].


TABLE 2    Psychometric assessment.

[image: Table 2]

Specifically, according to the mean scores on the A-MISO-S and MAQ, participants in the misophonia group had mild levels of misophonia, while those in the HCs scored within normal limits. The mean MQ severity score in the misophonia group, nonetheless, was 5.20, lower than the cutoff (score > 7) indicating possible misophonia.

Another interesting result is the finding of lower resilience scores in misophonic subjects, suggesting that compared to HCs, they possess less resilience when facing stressors.



Effects of the trigger sounds protocol on heart rate variability and galvanic skin conductance

As reported in section “Materials and methods,” we performed this analysis in order to address our primary endpoint, which was to determine changes in the orthosympathetic/parasympathetic balance in the participants with misophonia vs. participants without misophonia.

First, we measured HRV and GSC variables in both participants with and without misophonia before the start of the trigger sounds protocol in order to collect baseline values of all participants. These data were used for comparison with the results obtained within each group of participants after the trigger sounds protocol. The changes between measurements of HRV and GSC variables obtained during the trigger sounds protocol vs. baseline values (set as 1) were calculated as a percentage. As shown in Table 3, the baseline analysis of HRV and GSC parameters evidenced significant differences between the participants with misophonia and HCs. Hence, all examined variables except the maximum value of phasic activity within the response window, LF, and LF/high frequency were higher in the participants with misophonia than HCs. In addition, high frequency, parasympathetic index, and VLF were lower in the formers. These findings were in agreement with our test hypothesis that the orthosympathetic tone (basal orthosympathetic activity) would be dominant in participants with misophonia, and a parasympathetic tone (basal parasympathetic activity) would be dominant in HCs in the baseline condition.


TABLE 3    Baseline HRV and GSC variables.
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These baseline values were then used to compare the effects of the trigger sounds protocol in the two groups of subjects. It is noteworthy that in comparison with the baseline, in HCs, the trigger sounds protocol caused a significant increase of the HRV triangular index and a decrease of sympathetic index (as% vs. baseline: 11.7 ± 2.7 and −83.2 ± 31, respectively, p < 0.05; Figures 2, 3), the sum of SCR-amplitudes of significant SCRs within the response window, and the maximum value of phasic activity within the response window (as% vs. baseline: −16.36 ± 3.2 and −23.7 ± 2.5, respectively, p < 0.05; Figure 4). Also, the mean square difference between successive RR intervals showed an increase, which was, however, at the limit of significance (p = 0.05; Figure 3).

The analysis of these variables in participants with misophonia showed opposite results (Figures 2, 3). Moreover, the trigger sounds protocol resulted in a strong increase in all GSC parameters in misophonics compared to HCs (as percent vs. baseline, the number of significant, above-threshold, SCRs within the response window: 159.9 ± 12.1; the sum of SCR-amplitudes of significant SCRs within the response window: 141.3 ± 14.5; SCRs within the response window: 230.8 ± 33.1; the integral of SCR over the 10-s non-overlapping time: 101.6 ± 13.8; the maximum value of phasic activity within the response window: 87.8 ± 11.7; the mean tonic activity within the response window: 23.13 ± 1.8 vs. the number of significant, above-threshold, SCRs within the response window: −4.5 ± 6.8; the sum of SCR-amplitudes of significant SCRs within the response window:−16.3 ± 3.2; SCRs within the response window: −4.5 ± 64.9; the integral of SCR over the 10-s non-overlapping time: −9.3 ± 2.6; the maximum value of phasic activity within the response window: −23.7 ± 2.5; the mean tonic activity within the response window: −1.9 ± 1.2; p < 0.05; Figure 3), LF, LF/HF, sympathetic index, stress index and VLF (as% vs. baseline, LF: 64.8 ± 5.5; LF/HF: 271.7 ± 36.6; sympathetic index: 327.7 ± 119.2; stress index: 43.5 ± 5.3; VLF: 323.8 ± 77.5 vs. LF: −4.3 ± 1.6; LF/HF: −0.22 ± 2.6; sympathetic index: −83.2 ± 31; stress index: 12.77 ± 3.4; VLF: 0.22 ± 4.1; p < 0.05; Figures 2, 3). In addition, a reduction of all other HRV parameters was observed in participants with misophonia vs. HCs (Figures 2, 3).

An example of GSC analysis taken from one participant with misophonia is shown in Figure 5.
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FIGURE 5
Example of GSC analysis performed during the trigger sounds protocol in a participant with misophonia. From top to bottom: Skin conductance raw data; Inter impulse activity used for continuous deconvolution analysis; Continuous deconvolution analysis-tonic; Continuous deconvolution analysis-phasic; Total reconstruction with differences between phasic and tonic.


A significant interaction emerged for all parameters indicating that the change in values between the baseline and the trigger sounds protocol showed different patterns for participants with misophonia and HCs. In particular, the values for sympathetic index, stress index, VLF, LF, and LF/HF increased over time among participants with misophonia, whereas, in the same subjects, the values for parasympathetic index, HF, and HRV decreased. When treated as a covariate for modeling group differences, “age” was only a significant factor in two of the N models tested: LF and HF. The GSC values showed increasing trends over time among participants with misophonia (Tables 4, 5).


TABLE 4    Linear mixed effect models of the results obtained from HRV.
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TABLE 5    Linear Mixed effect models about results obtained from GSC.
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On the whole, the results obtained provide evidence for a higher orthosympathetic and lower parasympathetic tone at baseline registrations in participants with misophonia than HCs. The state of these tones was then strengthened by the trigger sounds protocol.



Effects of the trigger sounds protocol on functional magnetic resonance imaging

Functional magnetic resonance imaging was used to characterize the anatomical pathways involved in physiological and emotional responses to the trigger sounds protocol. In particular, it was hypothesized that greater activation in brain regions involving the limbic system, the temporal cortex, and the cerebellum would be observed due to the relationship between these areas and the orthosympathetic/parasympathetic balance. The principal findings are summarized in Table 6.


TABLE 6    Functional magnetic resonance imaging (fMRI) activations in participants with misophonia and without misophonia.
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The fMRI analysis confirmed our test hypotheses about the involvement of the above neuronal areas in the participants with misophonia during the trigger sounds protocol. Hence, in all cases, a strong activation of the temporal superior gyrus (BA 22; 100%), the temporal cortex (BA 21; 100%), and the auditory cortex (BA 41 and 42; 100%) was found. In about 70% of cases, the premotor cortex (BA 6) and the cerebellum were found to be activated, as well.

Furthermore, 8/11 (73%) participants with misophonia showed activation signals in at least one of the following: the hippocampus, the ventromedial prefrontal cortex, the insula, and the cingulate cortex.

Figure 6A shows the atypical activation of multiple brain regions in a participant with misophonia after hearing the “eating crunching” sounds. In particular, the auditory cortex (BA 41 and 42), the cerebellum, the insula, the premotor cortex (BA 6), and the frontal cortex (BA 4) were activated during the trigger sounds protocol. Another example of an fMRI image taken in one participant with misophonia is shown in Figure 6B. In that subject, the presentation of “breathing” caused the stimulation of the auditory cortex (BA 41 and 42), the cerebellum, and the premotor areas (BA 6). It is to note that those findings were evidenced after the application of the correction factor “family-wise error rate” in SPM analysis.


[image: image]

FIGURE 6
Brain areas activated during the trigger sounds protocol in two participants with misophonia in the three planes. The trigger sounds were “eating crunchy” in panel (A), and “breathing” in panel (B). In panel (A), details on left insula. Also, auditory cortex (BA 41 and 42; light blue arrow), the cerebellum (yellow arrow), the insula (green arrow), the premotor cortex (BA 6; red arrow), and the frontal cortex (BA 4; pink arrow) were activated during the trigger sounds protocol. In panel (B), the areas identified were the auditory areas (BA 41 and 42; light blue arrow), the cerebellum (yellow arrow), and the premotor cortex (BA 6; red arrow).


Concerning the HCs, 36/44 (82%) subjects demonstrated the activation of the auditory cortex (BA 41 and 42), while in 8 (18%) subjects, we could not find any activated area. In these eight subjects, further post-processing analysis was performed on the images, showing the presence of stimulus response for SPM with p = 0.1.

In Figure 7, examples of fMRI in two HCs are shown; in those subjects, “eating crunching” and “breathing” caused the activation of the primary auditory cortex (BA 42 and 41), only. Also, in this case, as specified above, the correction factor “family-wise error rate” in SPM analysis had been applied.


[image: image]

FIGURE 7
Activation of the auditory cortex (BA 41 and 42; light blue arrow) in two participants without misophonia. The stimulus administered was “eating crunchy” in panel (A), and “breathing” in panel (B).


Thus, the fMRI analysis highlighted the activation of brain regions involved both in the orthosympathetic response and in the processing of trigger stimuli only in participants with misophonia.




Discussion

The results of this study obtained by combining the fMRI analysis with physiological and psychiatric evaluations showed specific auditory-insula-limbic patterns of activation associated with increased sympathetic tone in participants with misophonia. Those findings are unlikely due to specific psychopathologic features, as shown by the absence of differences between the two groups of participants (those with misophonia and HCs) in the questionnaires assessing obsessive-compulsive, depressive, and anxiety symptoms.

As previously described, misophonia is a disorder characterized by reduced tolerance to specific sounds or stimuli known as “triggers,” which tend to evoke negative emotional, physiological, and behavioral responses (Kumar et al., 2017; Sweedo et al., 2022).

Recently collected data showed a prevalence of participants with misophonia that reaches up to 49% in the general population (Naylor et al., 2021) and about 52% in subjects with obsessive- compulsive disorder (Siepsiak et al., 2020). In addition to feelings of anxiety, distress, and anger, physical manifestations including tightness or pain in the entire body, increased muscular tone, dyspnea, tachycardia, and hypertension have been described (Cavanna and Seri, 2015).

Moreover, those experiences may lead, in some subjects, to a severe decline in daily functioning and the development of behavioral health problems.

Although misophonia now has a consensus definition (Sweedo et al., 2022), and some information is available on the utility of psychometric assessment and involvement of the autonomic nervous system, more in-depth investigations relating to the activation of the orthosympathetic and parasympathetic systems and to the concomitant activation of brain regions involved in emotional responses could be useful for a better understanding of this disorder.


Heart rate variability and galvanic skin conductance effects induced by the trigger sounds protocol in participants with misophonia

We utilized both HRV and GSC to analyze the autonomic nervous system balance in misophonic participants and HCs (Benedek and Kaernbach, 2010; Tarvainen et al., 2014; Seri, 2015; Staib et al., 2015; Gernot, 2017; Clark et al., 2018; Zhang et al., 2018; Forte et al., 2019; Kim et al., 2019; Posada-Quintero et al., 2020). In particular, we analyzed both the orthosympathetic and parasympathetic drive using HRV and analyzed the orthosympathetic profile using GSC, which is related to the cholinergic-dependent sympathetic stimulation of the cutaneous sweat glands.

The baseline registration of HRV and GSC variables showed interesting results in participants with misophonia. In these participants, HRV variables were more distinctly related to an increased orthosympathetic tone, such as LF and LF/HF and almost all GSC variables. Meanwhile, markers of parasympathetic tone given by HRV, including HF, parasympathetic index, and LF, were higher in HCs than in participants with misophonia. These findings add important information regarding the state of the autonomic nervous system in resting conditions in participants with misophonia vs. HCs and are useful for outlining their orthosympathetic/parasympathetic background.

Participants with misophonia showed increased levels for almost all orthosympathetic HRV measures and decreased levels for almost all parasympathetic measures. The activation of the orthosympathetic system was also confirmed by the GSC analysis. In HCs, it is noteworthy that trigger sounds resulted in a reduction of the sympathetic index, the sum of SCR-amplitudes of significant SCRs, and the maximum value of phasic activity. These results suggest that the trigger sounds protocol caused an inhibition of the orthosympathetic system in HCs unlike what was observed in the participants with misophonia.

Since the main bias of this study was the difference in age between participants with misophonia and HCs, we added a correction for age to the statistical analysis of HRV and GSC data. While we could not confirm our previous observations, since for LF and HF, the statistical significance in results was lost after the correction for age, the general patterns appeared to be similar to those observed without performing the correction for age.

While our findings were similar to those obtained by Kumar et al. (2017), there are several key differences in our experimental protocol that must be considered. For example, Kumar et al. (2017), used two trigger sounds and one neutral sound, whereas we concentrated on six trigger sounds and a general annoyance sound. Furthermore, changes in the autonomic nervous system balance were examined by analyzing many GSC and HRV variables, which evaluated the orthosympathetic/parasympathetic activity both at the baseline and during auditory stimulation. Finally, it should be noted that the sample size in this study was calculated through appropriate statistical tests based on the variation of a parameter related to the activation of the autonomic nervous system (Edelstein et al., 2013). In this way, we could answer the primary hypothesis of the study, which referred to the presence of an altered orthosympathetic/parasympathetic balance in participants with misophonia. In the study by Kumar et al. (2017), instead, participants with misophonia were matched without any power size calculation with participants without misophonia. In addition, in that study, results focused on fMRI analyses. Only one GSC measurement was performed (galvanic skin response), and one HRV measurement (heart rate); no psychometric assessment was provided.

In the study by Edelstein et al. (2013), participants with misophonia were recruited after an interview and the emotional responses to different “trigger sounds” were evaluated. In the second part of that study, a comparison was executed between six participants with misophonia and five HCs in terms of GSC response to auditory–visual stimulations. A similar kind of experimental protocol was executed by Schröder et al. (2019), who conducted psychometric assessments and fMRI analysis in 21 participants with misophonia and 23 HCs. However, a change in the HR was the only measure used to evaluate the autonomic nervous system activation.

As reported above, our findings about the activation of the orthosympathetic nervous system in participants with misophonia are in agreement with previous observations. However, here we conducted a more in-depth evaluation of autonomic nervous system involvement in response to a trigger sounds protocol, by combining it with psychometric and imaging evaluation.



Neuroanatomical pathways activated by the trigger sounds protocol in participants with misophonia

In participants with misophonia, we observed activations of Brodmann areas 21, 22, 41, and 42, which could be attributed to listening, detection, and understanding of a perceived sound (Pickles, 2015). In addition, in participants with misophonia, the trigger sounds protocol caused activation in the hippocampus, the cingulate cortex, the ventromedial prefrontal cortex, and the insula. Overall, those findings are in agreement with the data by Kumar et al. (2017), who showed that, in participants with misophonia, the trigger sounds were associated with abnormal functional connectivity between the anterior insula cortex, the ventromedial prefrontal cortex, the hippocampus, and the amygdala. It is to note that all of those brain regions are involved with the perception of interoceptive signals and emotion processing (McLachlan, 2009). Moreover, they play a role in the modulation of the autonomic nervous system and in the integration of physiological signals and the dynamic representation of emotional states. In particular, the findings of the involvement of the superior temporal cortex (BA 22), the area with the largest change in the activation in participants with misophonia, could be argued to be related to an increased sensitivity to the trigger sounds in those subjects. In this way, the trigger sounds protocol could have induced auditory attention and caused a greater response to the stimuli, resulting in signals being labeled as emotionally relevant. The absence of activation of the amygdala in participants with misophonia could be attributable to the possible inhibition exerted by the ventromedial prefrontal cortex, which would be involved in the regulation of emotions by the inhibition of neuronal areas involved in this process, such as the amygdala (Motzkin et al., 2015).

Alternatively, it is possible that we did not find any involvement of amygdala because this region is more associated with fear than representing a primary emotional site, as reported by Schröder et al. (2019).

The HCs group showed the activation of Brodmann areas 41 and 42, only, with a mean cluster size of 130 voxel. This could be explained by the trigger sounds protocol that, when compared to the background noise of the fMRI continuous protocol, was of low intensity. Moreover, in eight HCs, there was no activation. Those eight HCs stated during the brief interview following the fMRI that they perceived and recognized the sounds during the examination. These were subjects whose fMRI images were acquired on different days and did not belong to a single session. In order to exclude mistakes in subject sampling, reconstruction analyses were followed for SPM values with p-values above the significant threshold (p = 0.1). It is to note that this post-processing reconstruction showed activations of Brodmann areas 41 and 42. This activation, in eight HCs, also persisted for values of p = 0.05. However, the application of the family-wise error rate resulted in its elimination.



Psychiatric assessment: Comparison of participants with misophonia and healthy controls

The results of the psychiatric evaluation indicate that misophonia could be a construct independent of the general psychopathology (as assessed with the Symptom Checklist-90 R), anxiety (HAM-A, State-Trait Anxiety Inventory), depression (HAM-D), and obsessive-compulsive features (Y-BOCS).

The currently available literature has described possible associations of misophonia with a variety of psychiatric symptoms, such as traits of obsessive-compulsive personality disorder, mood disorders, attention-deficit (hyperactivity) disorder, autism spectrum conditions (Jager et al., 2020a), post-traumatic stress disorder, and anorexia (Erfanian et al., 2019). Nonetheless, data about the frequency of misophonia in patients suffering from psychiatric disorders are lacking (Siepsiak et al., 2020). Recent research supported the possible relationship of misophonia symptoms with clinician-rated symptoms of personality disorders, but not other psychiatric disorders, even though anxiety was found to partially mediate this relationship (Cassiello-Robbins et al., 2021).

There are also suggestions that misophonia could be a discrete psychiatric disorder, with corresponding implications for treatment (Schröder et al., 2013). Features, such as neuroticism, impulsivity, and difficulties with emotion regulation have been suggested as important risk factors and treatment targets for adults with misophonia (Cassiello-Robbins et al., 2020). Recently, both short-term and long-term efficacy of CBT for misophonia have been reported (Jager et al., 2020b).

In support of our baseline hypothesis, we found higher scores on the misophonia scales in participants with misophonia when compared to HCs. Nonetheless, it has to be underscored that participants in the misophonia group did not score above the cutoff established for misophonia in all scales; actually, they had mild misophonia according to the mean scores on the A-MISO-S and MAQ, but scored lower than the cutoff on the MQ. While this might lead one to argue whether the differences we found between the two groups could be clearly attributed to misophonia (Schröder et al., 2017), we also have to underscore that, as described in the “Materials and methods” section, our assessment included more than one questionnaire, the involvement of a psychiatrist, and proper screening in a face-to-face interview where information about co-morbidity was gathered.

As far as psychopathology is concerned, our first hypothesis is supported, as our results did not evidence the presence of psychopathologic symptoms in participants with misophonia (as assessed with the Symptom Checklist-90 R, HAM-A, State-Trait Anxiety Inventory, HAM-D, and Y-BOCS). Thus, the higher scores found in the misophonia measures seem independent of the overall psychopathology, leading to the possibility that misophonia may be either a discrete pathological condition or a non-pathological variant of human nature linked to a particular way of processing trigger sounds.

Also, misophonia could be involved in the creation of the so-called “global emotional moment.” This is meant as the set of homeostatic, environmental, hedonic, motivational, social, and cognitive activities (Bud, 2009), which contribute to one’s feelings and represent the sentient self at one moment in time.

Finally, the finding of lower resilience scores in participants with misophonia may suggest poorer resources in this group of subjects when facing stressors.



Connections between neuroanatomic pathways, autonomic nervous system response, and psychiatric assessment in participants with misophonia

The primary auditory cortex lies in the transverse temporal gyri of Heschl that are juxtaposed to the insula, which is considered a key brain area in the homeostasis of visceral information processing and interoception. In particular, the insula is involved in the control of the autonomic nervous system and in the integration of physiological signals, as well as the dynamic representation of emotional states to create the “global emotional moment” (McGeoch and Rouw, 2020). Negative emotional experiences have been reported to induce anterior insular activation, including disgusting, frightening, happy, sad, or sexual images (Uddin et al., 2017).

The cingulate cortex, which is connected to the amygdala, is responsible for the processing of emotions and for the regulation of associated endocrine and autonomic responses. This region is also involved in reward-related processing of endocrine and autonomic responses to them due to the fact that this area is involved in reward-related processing. The cingulate cortex can be considered a connecting center of emotions, sensations, and action. Due to its links with the hippocampus and amygdala, the cingulate cortex could also have a role in the consolidation of long-term memories and the processing of emotionally relevant stimuli. The integration of signals originating from all the above areas would, thus, result in the modulation of the autonomic nervous system drive and in processing emotional states. In predisposed subjects, an auditory-insular synesthesia model could account for the onset of psychiatric symptoms and clinical manifestation of changes in the orthosympathetic/parasympathetic balance. In this way, a dynamic process of altered neurological activation could turn the specific auditory stimuli into trigger sounds to induce strong emotional responses (Nagai et al., 2007; Rolls, 2019). In this context, our data would also support the concept of wellbeing that has been linked to the balance between the two sides of the autonomic nervous system. In particular, it has been hypothesized that conditions of chronic sympathetic hyperactivity and parasympathetic hypoactivity would be associated with reduced emotional wellbeing and a variety of mental disorders and vice versa (Thayer and Brosschot, 2005; Strigo and Craig, 2016).

The findings of increased baseline sympathetic variables in participants with misophonia and parasympathetic variables in HCs measured with HRV and GSC would confirm the above issues regarding the reduced “emotional wellbeing reserve” and increased predisposition to undergo changes in wellbeing in response to stressful auditory conditions.

With regard to resilience, which was found to be reduced in participants with misophonia, and in general emotional states, numerous studies have associated this trait with the activation of the mesocorticolimbic area, such as the hippocampus and the prefrontal cortex (Richter et al., 2019). Similarly, Tan et al. (2018) correlated heartbeat interoception and anxious state and found the activation of the insula to be related to this emotional state. Cholinergic signaling in the hippocampus has also been described to regulate the social stress resilience and anxiety- and depression-like behavior. Finally, this study found the activation of the cingulate cortex activation in misophonia, which would be involved with homeostatic motivations that guide an adaptive behavior. Taken together, the insula and limbic areas could represent the neuroanatomical basis linking orthosympathetic system activation, emotion, and feelings (Strigo and Craig, 2016).

A novel finding from this study involved motor control, such as Brodmann area 6 and the cerebellum. The premotor cortex (BA 6), in particular, would be activated “during motor imagery,” that is, when the subject visually imagines a movement or imagines the sensations, he would experience during that movement. Thus, it could be hypothesized that in participants with misophonia, the trigger sounds protocol would activate the neural pathways implicated in the preparation/execution of escape (Kumar et al., 2021).




Conclusion

In conclusion, the results obtained from our study underline the existence of a specific response pattern within the auditory cortex-insula-limbic areas which, in the presence of “trigger sounds,” would be activated in predisposed subjects, such as participants with misophonia. The recruitment of those neuronal patterns would, in turn, alter the autonomic nervous system balance in favor of the orthosympathetic drive, influencing the emotional wellbeing.

Considering the limitations of the study, future work should investigate different activation patterns resulting from various trigger sounds and the general annoyance sound. Multimodal stimulation using video clips and sounds that simulate everyday life may also reveal patterns similar to those described in this study. Moreover, future comparisons should include a “no annoyance control condition.” The selection of participants should also be based on the recent consensus definition of misophonia (Sweedo et al., 2022), which was not available at the time of this study, and the enlarged sample size to determine specific effects of gender. Finally, any bias related to differences in age could be avoided by specific selection of participants, which would allow for an age correction (this was not performed in the current study).
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Misophonia can be characterized both as a condition and as a negative affective experience. Misophonia is described as feeling irritation or disgust in response to hearing certain sounds, such as eating, drinking, gulping, and breathing. Although the earliest misophonic experiences are often described as occurring during childhood, relatively little is known about the developmental pathways that lead to individual variation in these experiences. This literature review discusses evidence of misophonic reactions during childhood and explores the possibility that early heightened sensitivities to both positive and negative sounds, such as to music, might indicate a vulnerability for misophonia and misophonic reactions. We will review when misophonia may develop, how it is distinguished from other auditory conditions (e.g., hyperacusis, phonophobia, or tinnitus), and how it relates to developmental disorders (e.g., autism spectrum disorder or Williams syndrome). Finally, we explore the possibility that children with heightened musicality could be more likely to experience misophonic reactions and develop misophonia.
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Introduction

Misophonia is a newly described and complex auditory condition characterized by aversive reactions to particular sounds and the events that generate those sounds. The term misophonia was not introduced into the published literature until 2001 (Jastreboff and Jastreboff, 2001). Over the past two decades, publications on the topic of misophonia have increased from three articles in 2006 to 36 articles in 2021 (Retrieved from PubMed on September 13, 2022). Though a recent consensus paper classified misophonia as a disorder instead of a condition or syndrome (Swedo et al., 2022), people do frequently experience subclinical reactions to misophonic triggers (Wu et al., 2014; Naylor et al., 2021; Sarigedik and Gulle, 2021).

The goal of this literature review is to explore and examine what is currently known about how misophonic reactions are experienced and how they develop within the general population, not only in clinical populations that seek out treatment. Exploring populations that do not have significant disruption in quality of life and experience less severe misophonic reactions, as well as populations without the disorder, could give clues for understanding and treating people with misophonia; however, this research is largely absent from the literature. Therefore, we examine evidence of misophonic reactions during childhood and explore the possibility that early heightened affective sensitivities to a range of sounds might confer a vulnerability for misophonia. Specifically, we cover when and why misophonic reactions may develop in the general and clinical populations, how misophonia is distinguished from other auditory conditions (e.g., hyperacusis, phonophobia, or tinnitus) and developmental disorders (e.g., autism spectrum disorder or Williams Syndrome), and pose the question of whether a heightened sensitivity or preference for music might predispose a child to experience misophonic reactions, even if these reactions do not rise to the level of clinical impairment. We reviewed the literature in these areas (the development of misophonic reactions, other developmental disorders, and auditory experiences) with the goal of covering fundamental concepts, current gaps within the literature, and potential developments within the field. A limitation of this review is that only research published in English was included.



Characterization of misophonia

Misophonia is typically characterized by irritation and/or disgust that individuals may experience when hearing certain sounds, such as breathing, drinking, and throat clearing, but especially eating and chewing (Edelstein et al., 2013; Schröder et al., 2013; Wu et al., 2014; Brout et al., 2018). The term misophonia translates directly as the “hatred of sounds.” The sounds that create the negative response in people with misophonia are called “triggers” or “misophonic sounds” (Edelstein et al., 2013, 2020; Brout et al., 2018). Triggers are usually repetitive or periodic in nature, and they create “misophonic responses,” negative emotions that often lead individuals to remove themselves from the environment or sometimes to act with anger and aggression. These responses and reactions and the triggers that elicit them differ across individuals and have varying levels of severity (Edelstein et al., 2013; Brout et al., 2018). Further, misophonia is defined separately from phonophobia (the fear of sounds) and hyperacusis (discomfort or pain due to the intensity, or loudness, of a sound) (Jastreboff and Jastreboff, 2001, 2002; Schröder et al., 2013, 2014; Tyler et al., 2014).

Swedo et al. (2022) codified a consensus definition of misophonia, summarizing 93 definitional statements with 80% or greater expert agreement. This definition highlights the nature of misophonic triggers, the behavioral and negative emotional reactions to these triggers, and expected comorbidities. The consensus definition also separates misophonic reactions from the impairments they may create, which are described in the International Classification of Functioning, Disability, and Health (World Health Organization [WHO], 2001) and will assist clinicians in formally diagnosing misophonia. Within the domain of body functions, misophonic reactions may affect emotional and perceptual mental functions, in which heightened levels of negative emotion and perceptions of sounds are considered aversive instead of neutral. To the extent that misophonic reactions preclude processing of other sounds, they may also impair sensory bodily functions. These impairments may interact with the sound quality environmental factor of functioning and disability, in which only certain sounds in the environment give rise to misophonic reactions. Misophonic reactions may also affect participation in a variety of activities, including impairments in listening; receiving communication; handling stress; and engaging in particular interpersonal relationships, education, and employment.

There are a range of self-report questionnaires available to researchers that can be used to determine (1) if someone experiences misophonic reactions and (2) the threshold or degree of severity of the symptoms. A comprehensive list and differences of questionnaires that have and have not been validated can be found in Rinaldi et al. (2021). The questionnaires that have been validated for assessing misophonic reactions are the Misophonia Quotient (MQ; Wu et al., 2014), the Amsterdam Misophonia Scale (A-MISO-S; Schröder et al., 2014; Jager et al., 2020; Naylor et al., 2021; Sarigedik and Gulle, 2021), the Selective Sound Sensitivity Syndrome Scale (S-Five; Vitoratou et al., 2021), the Duke Misophonia Questionnaire (DMQ; Rosenthal et al., 2021), Misophonia Response Scale (Dibb et al., 2021), and MisoQuest (Siepsiak et al., 2020). Though these questionnaires can assess the severity of misophonic reactions, these assessments were created using different definitions of misophonia and need to be evaluated using the consensus definition of misophonia (Swedo et al., 2022).

The self-reported prevalence of individuals who experience misophonic reactions in the general population ranges from 20 to 55% (Wu et al., 2014; Naylor et al., 2021; Rinaldi et al., 2021; Sarigedik and Gulle, 2021). Studies measuring misophonia sensitivity in large (N∼500) non-clinical samples of undergraduate college students using the MQ (Wu et al., 2014) and the Sussex Misophonia Scale (SMS) (Rinaldi et al., 2021) report that 20–40% of participants have sound sensitivities that significantly affect their lives. Even higher prevalence rates of 50–55% have been observed in studies using the A-MISO-S (Naylor et al., 2021; Sarigedik and Gulle, 2021), with roughly 40% of participants reporting symptoms that are mild, ∼12% moderate, and less than 1% reporting severe symptoms. However, these prevalence estimates are derived from self-reported symptoms and disability, which are typically saturated with negative emotion instead of disorder-specific features (Oltmanns et al., 2018). As a result, these estimates are likely inflated relative to those that would be established through a clinical interview establishing distress and dysfunction specific to misophonia using the new consensus definition (Swedo et al., 2022).

Despite the growing interest in misophonia, it has not been formally recognized as a distinct neurological, audiological, or psychiatric disorder according to either ICD-11 or DSM-5 (-TR) diagnostic criteria (Brout et al., 2018; Lewin et al., 2021). Because of this, the presence and extent of misophonia may be largely underrepresented in the literature (Ferreira et al., 2013; Lewin et al., 2021) or grouped with other dysfunctions of auditory perception with decreased sound tolerance, like hyperacusis (Jastreboff and Jastreboff, 2002, 2013, 2015). Decreased sound tolerance disorders fall under an umbrella of dysfunctions defined by negative reactions to sounds that surpass those that would be expected from an average listener (Jastreboff and Jastreboff, 2002, 2013, 2015). Examples include diplacusis (an anomaly whereby the pitch of a single tone is perceived differently by the two ears; Di Stadio et al., 2018), polyacusis (when more than two tones are perceived from a single sound simultaneously; Jastreboff and Jastreboff, 2015), tinnitus (phantom auditory perception without corresponding activity in the cochlea or external sound source; Jastreboff and Jastreboff, 2001, 2015; Moore, 2012), and most commonly, hyperacusis (Jastreboff and Jastreboff, 2015). Hyperacusis and misophonia have distinct profiles from one another (Jastreboff and Jastreboff, 2015). In hyperacusis, patients’ negative reactions are dependent on the physical characteristics of the sound (e.g., spectrum and intensity/loudness) (for reviews, see Baguley and Hoare, 2018; Potgieter et al., 2020), whereas in misophonia, patients’ negative reactions are dependent on the meaning and context for the individual and typically to specific sound categories (Jastreboff and Jastreboff, 2002, 2013, 2015; Hansen et al., 2021).

As noted by Rinaldi et al. (2021), misophonia assessments typically exhibit poor divergent validity to separate out similar conditions like hyperacusis. Studies that investigate whether someone experiences misophonia or another hearing disorder have to use additional questionnaires or surveys for differential diagnosis (Rouw and Erfanian, 2018; Rinaldi et al., 2021). This is especially important since misophonia and hyperacusis seem to co-occur together with similarly reported symptoms (Jastreboff and Jastreboff, 2013, 2015). Only a few questionnaires have been created and validated to assess hyperacusis across the general population, and at present, no questionnaire differentiates hyperacusis from misophonia (Jastreboff and Jastreboff, 2014; Baguley and Hoare, 2018). Ultimately, further research is needed to clarify the relationship between misophonia and these disorders.

Several other neurological, medical, and psychiatric disorders besides misophonia also entail over-responsivity and sound intolerance. Migraine headaches are a neurological condition characterized by unilateral throbbing headache, photosensitivity, and increased reactivity to other sensory inputs (Sullivan et al., 2014). Autism spectrum disorder (ASD) is a neurodevelopmental disorder that is often accompanied by sound over-responsivities (Ben-Sasson et al., 2009), and Williams Syndrome (WS) is a neurodevelopmental genetic disorder with musicality and sociability as prominent features (Pinheiro et al., 2011; Lense et al., 2014). Schizophrenia is associated with deficits in gating aversive sounds as measured through pre-pulse inhibition of the startle blink reflex (San-Martin et al., 2020), in which the magnitude of the eye blink to a loud and aversive startle probe is typically reduced after a less intense tone (Grillon et al., 1996). In contrast, though one of the criteria for post-traumatic stress disorder is the experience of an exaggerated startle reflex, larger psychophysiologically assessed startle reflex magnitude is not uniquely associated with post-traumatic stress disorder diagnoses (Pole, 2007) and could be associated with other diagnoses instead, like misophonia. The extent to which these disorders–along with such other disorders as obsessive compulsive disorders, personality disorders, and anxiety disorders–are comorbid with misophonia is unclear (Ferreira et al., 2013; Brout et al., 2018; Rouw and Erfanian, 2018; Erfanian et al., 2019).

Though some misophonic sounds can be considered universally annoying, most are not commonly considered to be negative or aversive to the general population (Edelstein et al., 2013; Schröder et al., 2013). As suggested by Edelstein et al. (2020), a given sound (or sounds) can be a misophonic trigger for one person, but not for another person. Misophonic triggers are often human-produced (e.g., eating or breathing sounds) (Schröder et al., 2013), and although many studies report a predominance of human-made triggers, there are both case studies and empirical research of misophonic reactions to a variety of other sounds, such as keyboard or pen tapping, clinking glasses, clock ticking, refrigerator sounds, etc. (Edelstein et al., 2013; Schröder et al., 2013; Jastreboff and Jastreboff, 2014; Taylor, 2017). Although both human-made and non-human-made sounds have been identified as misophonic triggers (Dozier et al., 2017; Hansen et al., 2021), most people with misophonia report at least some human-made triggers, and Jager et al. (2020) argue that misophonia should not be diagnosed for individuals who report exclusively non-human generated triggers.

In neurotypical populations, distinct neural and physiological responses have been observed for people with misophonia relative to controls. For example, individuals with misophonia had heightened skin conductance responses to misophonic sounds, but not when they watched the same stimulus with the sound removed from the visual stimulus (Edelstein et al., 2013; Kumar et al., 2017). This finding indicates that misophonic reactions are largely driven by sound. Additionally, one study (Schröder et al., 2014) reported that individuals with misophonia had diminished N1 auditory event-related potential amplitude to oddball tones compared to controls, but no difference in N1 peak latency. The authors speculated that this finding might indicate auditory and neurobiological abnormalities in misophonia (Schröder et al., 2014).

A few studies have used brain imaging to examine the neural correlates of misophonic reactions. Schröder et al. (2019) investigated neural differences between individuals with and without misophonia using fMRI and electrocardiography. Compared with controls, individuals with misophonia responded to misophonic triggers with higher ratings of anger, disgust, and sadness, increased heart rate, and increased activation of brain areas associated with auditory processing and the salience network. Another study reported that relative to controls, those with misophonia had larger right amygdala volume based on voxel-based morphometry, greater connectivity from their right and left amygdalae to the cerebellum, and increased ventral attention network connectivity to the occipital cortices and fusiform gyri (Eijsker et al., 2021). The authors propose that the enlarged amygdala could be related to heightened emotional responses, and that increased connectivity between the amygdala and cerebellum may drive the reflex-like physiological reactions to misophonic sounds. Because higher ventral attention network connectivity was found with the occipital cortex instead of the auditory cortex, the authors suggest that this heightened connectivity may reflect enhanced capability to respond to visual aspects of misophonic triggers (Eijsker et al., 2021). Lastly, when Kumar et al. (2021) compared individuals with misophonia to controls, they found three main results. First, despite finding no differences in the auditory cortex between both groups, they saw stronger resting state connectivity between both auditory and visual cortices and the orofacial motor area of individuals with misophonia. Second, they found stronger functional connectivity between the auditory cortex and orofacial motor area when general sounds were played, and third, found increased activation in the orofacial motor area for individuals with misophonia when specific triggers were played to both groups (Kumar et al., 2021). Together, these studies provide preliminary evidence that misophonia is associated with distinct physiological and neural responses to misophonic triggers as compared to other sounds (Edelstein et al., 2013; Schröder et al., 2014, 2019; Kumar et al., 2017, 2021; Eijsker et al., 2021). These atypical neurophysiological responses could reflect experience-driven differences or an early predisposition for intense emotional responses to sound, or some combination of the two.



Development of misophonia

Given that misophonic reactions are experienced by so many people, especially at a sub-clinical level, a critical question is how and when misophonic reactions occur over the course of one’s life. Although a recent consensus between experts agrees that misophonia most likely emerges in childhood, more research is still needed to determine when children are most likely to begin experiencing their earliest misophonic reactions (Swedo et al., 2022). Individuals who experience misophonia typically report symptoms starting from a very young age and/or for as long as they can remember. In a sample of 301 misophonic patients above the age of 18, Rouw and Erfanian (2018) found that 45% of these patients reported onset of misophonic experiences during childhood, 30% during adolescence, and 15% for “as long as I can remember.” In retrospective studies, most individuals reported that their misophonia symptoms emerged during childhood or adolescence (for a review, see Potgieter et al., 2019), with some reported symptoms not emerging until young adulthood (Boyce, 2015; Tunç and Başbuğ, 2017), or emerging at any point throughout the life span (Zhou et al., 2017; Sanchez and Silva, 2018). Thus, there appears to be individual variation in when people retrospectively report their misophonia symptoms emerging.

Studies using self-report measures of misophonia in younger non-clinical populations describe levels of misophonia severity that are comparable to those observed in adults, with more than half of high school students reporting a clinically significant level of misophonia using the A-MISO-S (Sarigedik and Gulle, 2021), and 11% of 10- to 14-year-old children according to an adolescent version of the Sussex Misophonia Scale for Adolescents (SMS-A) (Rinaldi et al., 2022). This provides support for the notion that misophonia emerges prior to adulthood.

How misophonia develops is currently unclear (Schröder et al., 2017; Rouw and Erfanian, 2018; Lewin et al., 2021). One study found that 77% of participants self-reported symptoms worsening with age (Rouw and Erfanian, 2018), whereas another study found a negative association between age and misophonia severity (Vitoratou et al., 2021). If symptoms indeed worsen over time, therapies would presumably be needed to prevent this. Treatments like exposure therapy have not been as successful in case studies to treat misophonia due to non-compliance (Hadjipavlou et al., 2008), and studies that have looked at medication alone or counterconditioning are limited to a handful of case studies (Dozier, 2015a,b; McGuire et al., 2015; Tunç and Başbuğ, 2017; Vidal et al., 2017). In comparison, cognitive-behavioral therapy seems to be successful in reducing misophonia in adults (Bernstein et al., 2013; McGuire et al., 2015; Reid et al., 2016; Potgieter et al., 2019; Jager et al., 2021), and perhaps also in younger populations (see Lewin et al., 2021 for a preliminary proof of concept); however, those with a higher severity of misophonia symptoms seem more likely to respond to treatment (Schröder et al., 2017). The effectiveness of cognitive-behavioral therapies in reducing the severity in misophonic symptoms could implicate two mechanisms in the development of misophonia, which await larger-scale treatment dismantling studies to explore. For the first mechanism, if the behavioral components represent the active therapeutic ingredients, such findings would point to a role of learning in misophonia, in which initial hyperarousal in response to a specific sound or sounds might lead to associations between those sounds and aversive emotional and physiological responses (Schröder et al., 2017). For the second, if individuals were to use maladaptive behaviors (such as avoidance) to escape trigger sounds, this would further exacerbate symptoms of misophonia over time, which behavioral interventions would help mitigate (Lewin et al., 2021). Alternatively, if targeting cognitive elaborations and schemas related to misophonic triggers improves patient function, the cognitive components of interventions may provide a means of coping with sensitivities.

In either case, if misophonia is a learned behavior, it is unclear whether or not misophonia could be induced in any person under the right circumstances, as proposed by Rouw and Erfanian (2018), or if certain individuals are predisposed to experience intense emotional responses or aversive reactions to sound. Interestingly, Rouw and Erfanian (2018) found that half of the people with self-reported misophonia in their study experienced autonomous sensory meridian responses (ASMR), whereas Vitoratou et al. (2021) found that 29.2% of their participants from their study self-reported experiencing both. This raises the question of whether these same individuals not only have pronounced negative experiences toward misophonic triggers, but also enhanced positive experiences to other sounds as well (see below). Perhaps there are individual differences in the intensity with which listeners experience emotional responses to sound, and further research attempting to understand these endophenotypes could help address this question of whether or not certain individuals are more or less vulnerable to acquiring misophonia.



Misophonia, autonomous sensory meridian response, and frisson

Although misophonia is characterized by negative emotional reactions to sounds, an open question is whether those who experience misophonic reactions also have heightened reactions to other sounds–both positive and negative. Autonomous sensory meridian response (ASMR) is a phenomenon typically triggered by everyday stimuli that induce a state of relaxation, positive feelings, and tingling sensations that originate from the head region and spread to the rest of the body (Barratt and Davis, 2015; McGeoch and Rouw, 2020). ASMR has been associated with specific personality traits, with individuals who experience ASMR having higher scores on openness to experience and neuroticism on the Big Five Inventory of personality (Fredborg et al., 2017). Individuals who experience ASMR may watch or listen to ASMR content several times a week to multiple times per day, usually for relaxation or sleep induction (Barratt and Davis, 2015; Barratt et al., 2017; McErlean and Banissy, 2017; Poerio et al., 2018; Kovacevich and Huron, 2019). ASMR is a common experience as seen by the ubiquity of virtual ASMR communities around the world (Liu and Zhou, 2019), and a high percentage of individuals reporting that they experience ASMR, with one study showing 81% of 1,002 participants experienced ASMR (Poerio et al., 2018).

Like misophonia, those who experience ASMR exhibit larger physiological responses to ASMR triggers relative to those who do not experience ASMR, such as a decrease in heart rate and an increase in skin conductance (Poerio et al., 2018). Also like misophonia, most individuals who report having ASMR say that they have experienced it in some form since childhood (Barratt and Davis, 2015). Interestingly, a large proportion of individuals who experience ASMR also self-report experiencing misophonia (Barratt et al., 2017), and they tend to score higher on misophonia scales relative to controls (McErlean and Banissy, 2018).

While misophonia seems to be a type of negative sound sensitivity, ASMR is a type of sound sensitivity that is predominantly perceived as affectively positive. Similarly to misophonic triggers, sounds that give rise to pleasurable ASMR experiences in some people (e.g., someone clicking their tongue, trimming their nails, typing on a keyboard, or chewing ice) do not elicit particularly strong reactions in others (Barratt and Davis, 2015). Rather, the types of sounds that induce ASMR vary depending on the person’s specific sensitivity level and experiences with those sounds, which is also very similar to those who experience misophonia (Pruitt, 2019). In fact, some of the very same sounds that produce positive ASMR reactions in one person can produce completely opposite negative misophonic reactions in another person, especially chewing and other eating sounds (McErlean and Banissy, 2017). Sounds such as chewing or slurping would be considered emotionally neutral by most people, but this sound can either elicit heightened negative reactions in people with misophonia or heightened positive feelings in some who experience ASMR. This is consistent with the notion that misophonia and ASMR might both entail increased auditory emotional responses but with contrasting affective valence (Barratt and Davis, 2015).

Frisson, or musical chills, is yet another well-documented sound-induced emotional phenomenon characterized by positive affect and strong physiological reactions while listening to music, notably shivering, goosebumps, and teary eyes (del Campo and Kehle, 2016; McGeoch and Rouw, 2020). Frisson is seen as an overall pleasant experience, with one study showing that chills were significantly correlated with the perceived pleasantness of the songs (Grewe et al., 2007). Although there are distinct differences between ASMR and frisson, including stimulus triggers, duration, and specific emotional responses, some have proposed that ASMR might be a milder, less intense version of frisson (del Campo and Kehle, 2016; Kovacevich and Huron, 2019). Musical frisson seems to be a more common experience than ASMR, with one of the earliest studies on frisson showing that, out of all 249 participants who responded to their survey, about 78.7% self-reported ever experiencing chills (Goldstein, 1980). Although many people experience frisson, it does not occur regularly and differs greatly between people in amount, duration, and the musical pieces that induce them (Grewe et al., 2007). The experience of musical frisson is associated with brain reward circuitry: regional cerebral blood flow increases in left ventral striatum and dorsomedial midbrain, but decreases in right amygdala, left hippocampus/amygdala, and ventral medial prefrontal cortex (VMPF) (Blood and Zatorre, 2001). These regions of activation in the brain reward circuitry have been associated with euphoria and positive emotions, which is consistent with the positive affective experience of frisson.

Although music-induced frisson has been the focus of prior research, relatively little is currently known about the relationship between misophonia and frisson. Even so, frisson and misophonia have some noteworthy similarities. Like misophonia, frisson experiences are consistent, so even after listening to the same piece of music multiple times, a listener can still experience this strong emotional response (Sloboda, 1991). The experiences of frisson and misophonia both vary widely between individuals: virtually any genre of music can induce frisson in a person depending on their preferences, and misophonic triggers also vary depending on the individual and their life history with a given trigger (Salimpoor et al., 2009; Edelstein et al., 2013). Nevertheless, the acoustic features of misophonia and frisson triggers may differ, since misophonic triggers are often repetitive or periodic in nature (Edelstein et al., 2013; Brout et al., 2018), whereas frisson is often and most notably induced when a novel musical event violates expectations, such as an unexpected harmony or entrance of a new voice, or an intense musical feature like dynamic leaps in loudness (Sloboda, 1991; Grewe et al., 2007; Plazak, 2008; Harrison and Loui, 2014). More research is needed to understand the similarities and differences between experiences of misophonia and musical frisson.

Misophonia, ASMR, and frisson all entail high-level auditory affective processing and depend on specific triggers that vary across individuals. Some listeners may have greater likelihood of experiencing ASMR, misophonia, or frisson because of their greater attention to and sensitivity toward a range of both positive and negative meaningful sounds. Although no papers to date directly compare frisson and misophonia, both phenomena are associated with activity in similar areas of the brain and have similar physiological expressions. As for the differences in brain regions between frisson and misophonia, in response to frisson-inducing classical music, a decrease in cerebral blood flow was seen in the left hippocampus, amygdala, and VMPF with positron emission tomography (Blood and Zatorre, 2001), whereas in response to misophonia trigger videos, an increase in activation was seen in some of these same areas with fMRI (Kumar et al., 2017). The amygdala and VMPF are both areas involved in emotional processing and regulation, implicating emotional circuitry in both of these phenomena (Blood and Zatorre, 2001; Kumar et al., 2017). As the intensity of frisson increases, regional cerebral blood flow increases in regions for motor processes, such as the supplementary motor area and cerebellum (Blood and Zatorre, 2001). Though this may explain muscle tension and relaxation when experiencing musical frisson, the increased connectivity between the amygdala and cerebellum when experiencing misophonia may drive the reflex-like physiological reactions to misophonic sounds (Eijsker et al., 2021). As for similarities between frisson, misophonia, and ASMR, listening to frisson-inducing music, misophonia-inducing sounds, and ASMR videos all caused increases in skin conductance and heart rate (Craig, 2005; Salimpoor et al., 2009, 2011; Edelstein et al., 2013; Poerio et al., 2018; Schröder et al., 2019). Furthermore, an increase in the activation of the insula and anterior cingulate cortex, which are parts of the salience network that detects and selects emotionally important information, is also seen with all three emotional phenomena: frisson (Blood and Zatorre, 2001), misophonia (Kumar et al., 2017; Schröder et al., 2019), and ASMR (Lochte et al., 2018). Both frisson and ASMR can be influenced by expectancy effects, in which observers anticipate that a certain stimulus will result in a sensory experience and are therefore likely to achieve that outcome (Cash et al., 2018). The role of expectation in both ASMR and frisson may be due to increased activity in the reward pathway, such as the left and right nucleus accumbens as well as the medial prefrontal cortex, along with brain regions associated with emotional arousal as noted above (Blood and Zatorre, 2001; Lochte et al., 2018; Valtakari et al., 2019). The similarities in physiological responses between frisson, ASMR, and misophonia suggest that these brain regions may be involved in sound-induced emotional responses, both positive and negative. Because many people who experience ASMR also experience misophonia, and ASMR and frisson both similarly heighten reward pathway activity, it is possible that many people who experience both misophonia and ASMR also experience frisson.



Developmental disorders with heightened sensitivity to sounds

Given that misophonia falls under the umbrella of decreased sound tolerance disorders and appears to at least share some features with other phenomena that begin in childhood, it may be informative to compare misophonia with other disorders that originate in childhood and entail heightened sensitivity to sounds. For example, Williams Syndrome (WS) and autism spectrum disorder (ASD) are neurodevelopmental disorders that are associated with hyperreactivity to both positive and negative sounds and a high prevalence of decreased sound tolerance, including misophonia.

People with WS exhibit higher rates of hyperacusis, auditory fascinations, and auditory aversions (Levitin et al., 2005; Lense et al., 2013), compared to typically developing individuals. Hyperacusis has been proposed to result from a tendency for heightened arousal in the sympathetic nervous system, leading to fight-or-flight reactions (Blomberg et al., 2006). Because of this tendency, hyperacusis could be seen as a vulnerability for psychopathology (Blomberg et al., 2006). The prevalence of misophonia is not as well known in this population, perhaps because most researchers studying WS would not have become aware of misophonia until recently. Individuals with WS who have been diagnosed with hyperacusis often report aversion (misophonia) or fear (phonophobia) of sounds, rather than a decreased tolerance or pain to the sound’s intensity, as is typical with hyperacusis (Baguley and McFerran, 2011; Jastreboff and Jastreboff, 2014; Silva et al., 2021). In fact, studies have reported a high prevalence of auditory aversions within this population, with as much as 85–95% of people with WS reporting aversions to one or more sounds (Klein et al., 1990; Van Borsel et al., 1997; Levitin et al., 2005). The aversive sounds in this population seem to be contextual, and driven by unique individual experiences, as in misophonia. This suggests that misophonia in WS may have been mistaken for hyperacusis (Jastreboff and Jastreboff, 2014). One solution to distinguish this, as suggested by Baguley and McFerran (2011), would be to administer a validated questionnaire to formally diagnose hyperacusis separately from misophonia, and work toward greater consensus in defining hyperacusis (Glod et al., 2020).

Decreased sound tolerance is also experienced by 50–70% of children or adults with ASD at some point in their lives (Williams et al., 2021a). However, similarly to those with WS, clinical questionnaires vary and do not all address which phenomenologically distinct aspects of decreased sound tolerance that the individual with ASD is most likely to be experiencing: hyperacusis, phonophobia, or misophonia (Williams et al., 2021a,b). This differentiation will be important for future research, as recent meta-analyses state that current and lifetime prevalence of hyperacusis in ASD can be as high as 40 and 60%, respectively (Williams et al., 2021b). No studies to date have assessed the prevalence of misophonia in ASD and separated it from the other forms of decreased sound tolerance. Evidence from clinical samples that happen to have patients comorbid with ASD suggest that for cases of decreased sound tolerance in this population, it could be explained by hyperacusis (Amir et al., 2018), misophonia, or both (Williams et al., 2021b). A few of the regions of the brain implicated in the pathology of ASD include the insula, amygdala, and salience network (Uddin and Menon, 2009; Dziobek et al., 2010; Green et al., 2016), which are also regions implicated in misophonia (Kumar et al., 2017; Schröder et al., 2019). Resting-state connectivity between the salience network and amygdala has been seen in neuroimaging studies of children and adolescents with ASD (Green et al., 2016), as well as in adults who experience misophonia (Schröder et al., 2019; Eijsker et al., 2021). This connectivity has been proposed to be related to the sensory over-responsivity seen in people with ASD in response to auditory and tactile stimuli (Green et al., 2016, 2018). It is possible that these networks underlie auditory sensitivities exhibited in both autism and misophonia.

A striking feature of ASD and WS is that both are characterized by unusually positive responses to musical stimuli (Järvinen et al., 2016). Enhanced processing and heightened affinity toward music are seen in varying degrees across both disorders (Levitin et al., 2005; Lense et al., 2013; Järvinen et al., 2016). For example, though language deficits are common in ASD, pitch and melody discrimination are unimpaired or even enhanced in those with ASD compared to typically developing controls (Bonnel et al., 2003; Heaton, 2003; Jones et al., 2011; O’Connor, 2012; Stanutz et al., 2012). From early in development, individuals with ASD tend to prefer and allocate greater attention to musical stimuli than to speech (Blackstock, 1978; Dawson et al., 1998; Kuhl et al., 2005; O’Connor, 2012). This increased awareness and attention to pitch and music could even contribute to language impairments observed in ASD, particularly if greater attention to other sounds interferes with or alters the trajectory of typical language learning (O’Connor, 2012). Likewise, despite auditory sensitivities and aversions to particular sounds and a range of cognitive deficits, those with WS seem to largely exhibit enhanced musical abilities, hypermusicality and high engagement with music (Levitin and Bellugi, 1998; Don et al., 1999; Lenhoff et al., 2001; Lense et al., 2013), however, that is not true for everyone with WS (Don et al., 1999; Thornton-Wells et al., 2010). It is important to note that there are also key differences between WS and ASD especially regarding degree of sociability (Asada and Itakura, 2012). While individuals with WS are typically extremely social and want to interact with others (Jones et al., 2000) and this sociability may drive an affinity for music and musical activities (Zitzer-Comfort et al., 2007), those with ASD often exhibit wide-ranging deficits in social processing and communication (Phillips et al., 2019). Thus, there may be distinct mechanisms and causes for musical affinity in these populations. It is also unclear in both WS and ASD populations whether individuals who show particular affinity or interest in music also tend to have more auditory aversions. Nevertheless, we review this evidence to point out that in principle, stronger negative and positive reactions to emotionally meaningful sounds can exist within the same population.



Misophonia and musicality

If certain individuals tend to experience stronger negative and positive emotional responses to sounds, sound sensitivities might be more common in people in the general population who show a greater affinity for music and musical activities. Indeed, professional musicians report more sound-related problems such as tinnitus, hyperacusis, and diplacusis than would be expected based on their age and gender (Kähäri et al., 2003, 2004; Jansen et al., 2009; Zhao et al., 2010; Schink et al., 2014; Jastreboff and Jastreboff, 2015; Di Stadio et al., 2018). Although there are many anecdotal accounts of musicians who experience misophonia (Kuehn, 2015), few studies have directly examined whether musicians are more likely than non-musicians to experience misophonia. In one study, “noise sensitivity” did not differ for musicians and non-musicians (although it did negatively predict music listening and enjoyment) (Kliuchko et al., 2015); however, noise sensitivity as measured was not equivalent to misophonia (Weinstein, 1978). A recent study showed that, compared with non-musicians, self-reported misophonia was in fact lower for musicians who practiced from 1 to 7 h per day (Siepsiak et al., 2020). It is unclear whether this result implies that those with a propensity toward music training are actually less likely to experience misophonia, or if misophonia might interfere with regular music practice. The relationship between music training and sound oversensitivity is further muddied by the fact that professional musicians tend to have more long-term exposure to loud sounds (Jansen et al., 2009; Zhao et al., 2010; Schink et al., 2014), so many of the sound-related problems reported above (e.g., tinnitus, diplacusis) in professional musicians may be driven by low-level damage to the auditory system and not necessarily by high-level aversive reactions to sounds, as seen in misophonia (but see Couth et al., 2020).

It is nevertheless also apparent that musicians differ from non-musicians in how they respond to a range of both musical and non-musical sounds, particularly affective sounds. There is abundant evidence that, compared with non-musicians, musicians exhibit enhanced processing of fundamental musical components such as pitch, melody, timbre, chords, and musical rhythm (Franěk et al., 1991; Pantev et al., 2001; Micheyl et al., 2006; Chen et al., 2008; Brattico et al., 2009; Repp, 2010; Schellenberg and Moreno, 2010; Boh et al., 2011; Rammsayer et al., 2012; Matthews et al., 2016). Musicians outperform non-musicians at recognizing emotion conveyed in music (Castro and Lima, 2014; Kantor-Martynuska and Horabik, 2015; Akkermans et al., 2019; Dahary et al., 2020), they have more consistent, more rapid, and/or more intense experiences of both positive and negative musical emotion as reflected by subjective arousal ratings and physiological responses (Steinbeis et al., 2006; Brattico et al., 2009; Dellacherie et al., 2011; Mikutta et al., 2014; Park et al., 2014), and these affective responses are driven by a distinct set of musical cues such as dissonance, mode (major/minor), and harmony (Schön et al., 2005; James et al., 2008; Midya et al., 2019; Battcock and Schutz, 2021). Even the experience of frisson has been reported more often in musicians than in non-musicians (Sloboda, 1991; but see Grewe et al., 2007). Music training also predicts better performance on non-musical speech and language processing tasks and measures (Wong et al., 2007; Parbery-Clark et al., 2009; Bidelman et al., 2013; Zuk et al., 2013; Coffey et al., 2017). In particular, musicians outperform non-musicians at identifying and responding to emotion in speech (Nilsonne and Sundberg, 1985; Thompson et al., 2004; Lima and Castro, 2011). This suggests that individuals who pursue music training or who become professional musicians have enhanced affective responses to both musical and non-musical sounds.

Most studies of musicians and music training are correlational, so it is unclear if the advantages and disadvantages described above result from extensive practice and training-driven plasticity, or if individuals with greater aptitude or affinity for music are more likely to pursue music training or a career in music (Swaminathan and Schellenberg, 2018). Importantly, formal music training is not necessary for listeners to meaningfully relate to and engage with music. Over the course of development, most adult listeners acquire informal musical expertise through day-to-day exposure that allows them to understand the nuances of music, such as generate expectations about when and what will happen in the music, detect wrong notes, dance and sing in synchrony with others, and respond emotionally to music (Hannon and Trainor, 2007; Corrigall and Trainor, 2010, 2014; Hannon et al., 2018). Although some evidence suggests that musicians and non-musicians attend to different structural features of music while performing the same musical tasks (Midya et al., 2019; Battcock and Schutz, 2021; Nave-Blodgett et al., 2021), this is perhaps not surprising given that individual differences in many aspects of music processing are robustly shaped by listening experience, such as exposure to particular cultural traditions or genres of music (Hannon and Trehub, 2005; Demorest et al., 2008; Honing and Ladinig, 2009; Hannon et al., 2012; Ullal et al., 2014). Musicians may therefore represent a rather narrow segment of the general population, as robust and music-specific behavioral and neural responses to music can also be observed in individuals who have no formal music training (Tervaniemi et al., 2006; Vanden Bosch der Nederlanden et al., 2015; Mednicoff et al., 2018; Boebinger et al., 2021; Jacoby et al., 2021). Thus, focusing on differences between musicians and non-musicians may not be as productive as examining individual differences in musical skill and engagement in the general, non-musician population, especially if we are interested in understanding the development of predispositions toward sound sensitivity.

Recent evidence has called into question the popular assumption that music training and practice are the primary drivers of the hearing-related skills and advantages observed in musically trained individuals. A number of tests are now available to assess musical abilities in the general population, such as the Goldsmith Musical Sophistication Index (Gold-MSI) (Müllensiefen et al., 2014a,b), Musical Ear Test (Wallentin et al., 2010), and Profile of Music Perception Skills (Law and Zentner, 2012), and they have revealed considerable individual variation in musical abilities even among individuals who have never had formal music training. Formal music practice/training appears to be only one of several factors (such as cognitive ability and openness to experience) that predict variation in musical abilities (Swaminathan and Schellenberg, 2018). Twin studies suggest that music practice itself is highly heritable, and that music ability is predicted by genetic relatedness and not by practice (e.g., identical twins who differ in practice nevertheless have similar musical abilities) (Mosing et al., 2014). Recent advances in genetics have even identified specific loci associated with singing and musical pitch processing abilities (Ukkola et al., 2009; Park et al., 2012; Tan et al., 2014).

Musical ability (rather than music training) also predicts non-musical skills. For example, non-musicians with high musical ability exhibit enhanced neural encoding of speech comparable to what has been observed among highly trained musicians (Mankel and Bidelman, 2018), and rhythm perception ability predicts discrimination of speech phonemes even after controlling for music training (Swaminathan and Schellenberg, 2017). Similarly, vocal emotion recognition (but not facial emotion recognition) is predicted by music aptitude after controlling for music training, and untrained individuals with high music aptitude were just as good as trained musicians at identifying vocal emotion (Correia et al., 2020). In one study with children aged 6–9, music ability was correlated with language abilities, IQ, personality (only openness to experience was included), and age, and the relationship between musical and language abilities remained even after controlling for music training (Swaminathan and Schellenberg, 2020). This suggests that basic auditory skills and musical aptitude vary meaningfully in the general adult and child populations, and they predict not only musical ability but also non-musical abilities relevant for speech and emotion processing. Although these predispositions presumably drive certain individuals to pursue music as a hobby or profession, an open question is whether they also predict that certain individuals will have stronger, more intense experiences such as misophonia, ASMR, and frisson. Another possibility, as noted above, is that individuals who experience misophonia may be less drawn toward music and less likely to have pleasurable auditory experiences from an early age, or alternatively, perhaps musical activities reduce misophonic reactions by providing more positive auditory affective experiences or by masking aversive sounds and misophonic experiences (Jager et al., 2020; Siepsiak et al., 2020). Research examining potential links between sound sensitivity and musicality, particularly during childhood, might shed light on individual risk factors for developing misophonia, and they may inform treatments that entail using music as a treatment for misophonia (Dozier, 2015a,b,c; Kuehn, 2015; Potgieter et al., 2019).



Discussion

In this paper, we reviewed what is currently known about the characterization and development of misophonic reactions, developmental disorders that exhibit heightened sound sensitivity or over-responsivity, and misophonia’s relationship to other auditory emotional experiences, including music. Rather than only examining misophonia in treatment-seeking populations, this review aimed to also explore how misophonic reactions may be experienced within the general population. To do this, we discussed how individual differences in development, auditory experiences, and musical predispositions might drive certain people to have stronger affective responses to sounds and audiovisual stimuli. This could influence the likelihood of individuals experiencing misophonia, ASMR, and frisson over the course of development.

Future research should explore individual variation in high-level auditory and affective processing of sounds, including music, to examine whether musicality might be related to the development of other sound sensitivities. Given that very few to any measures of sound-induced emotional experiences (misophonia, ASMR, chills) have been validated with children nor designed to be child-friendly (Schröder et al., 2013; Roberts et al., 2020; Rinaldi et al., 2022), there is a need for research examining the extent to which these experiences occur during childhood, how they change over the course of typical development, and whether or not they co-occur within the same individuals. Such research would help identify risk factors for misophonia and other sound sensitivities while also shedding light on the development of misophonia.

Focusing on populations of individuals who exhibit characteristics of a disorder but not a diagnosis can be helpful for several reasons. First, misophonic reactions likely occur in the general population to varying extents so understanding this experience is important from a basic science perspective. Second, there is a potentially useful tradition of studying non-diagnosed individuals who exhibit psychiatric symptoms in the broad effort in order to identify endophenotypes (Gottesman and Gould, 2003; Greenwood et al., 2013; Demetriou et al., 2019), i.e., biomarkers that can help reveal the mechanistic source of disorders. The reason this is useful is that only studying those with a diagnosed disorder can lead to ambiguities about whether potential biomarkers are closely tied to the mechanistic basis of the disorder or if instead they are the result of treatments or other consequences of having a chronic disorder. Finally, studying naturalistic coping mechanisms in non-diagnosed individuals who experience mild to moderate misophonic reactions could provide clues about how to treat more severe, diagnosed cases of misophonia. For example, one study (Jager et al., 2020) found that the majority of individuals with misophonia (99%) self-report coping strategies that entail listening to music or producing rhythmic noises that mimic their misophonic triggers, highlighting the need for further research on precisely how music as a stimulus might counter the effects of misophonic reactions. It would therefore be useful to know if musical engagement could promote positive affective auditory experiences that ameliorate some of the problems experienced by those suffering from misophonia, both in terms of overall wellbeing benefits of musical activities but also the specific use of music and music-like stimuli as a coping strategy. Lastly, because misophonic reactions are so common in the general population, further research on these reactions could be informative for basic questions about the development of auditory affective processing more generally.
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Misophonia is characterized by decreased tolerance to specific sounds and associated stimuli that causes significant psychological distress and impairment in daily functioning (Swedo et al., 2022). Aversive stimuli (often called “triggers”) are commonly repetitive facial (e.g., nose whistling, sniffling, and throat clearing) or oral (e.g., eating, drinking, and mouth breathing) sounds produced by other humans. Few empirical studies examining the nature and features of misophonia have used clinician-rated structured diagnostic interviews, and none have examined the relationship between misophonia and psychiatric disorders in the Diagnostic and Statistical Manual-5th version (DSM-5; American Psychiatric Association, 2013). In addition, little is known about whether there are any medical health problems associated with misophonia. Accordingly, the purpose of the present study was to improve the phenotypic characterization of misophonia by investigating the psychiatric and medical health correlates of this newly defined disorder. Structured diagnostic interviews were used to assess rates of lifetime and current DSM-5 psychiatric disorders in a community sample of 207 adults. The three most commonly diagnosed current psychiatric disorders were: (1) social anxiety disorder, (2) generalized anxiety disorder, and (3) specific phobia. The three most common lifetime psychiatric disorders were major depressive disorder, social anxiety disorder, and generalized anxiety disorder. A series of multiple regression analyses indicated that, among psychiatric disorders that were correlated with misophonia, those that remained significant predictors of misophonia severity after controlling for age and sex were borderline personality disorder, obsessive compulsive disorder, and panic disorder. No medical health problems were significantly positively correlated with misophonia severity.
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Introduction

Misophonia is a recently defined disorder characterized by decreased tolerance to specific sounds and associated stimuli that causes significant psychological distress and impairment in daily functioning (Swedo et al., 2022). Generally, these aversive stimuli (often called “triggers”) are commonly repetitive facial (e.g., nose whistling, sniffling, and throat clearing) or oral (e.g., eating, drinking, and mouth breathing) sounds produced by other humans. Ideographically, however, there are individual level differences in the types of cues (e.g., repetitive visual stimuli, objects, and environmental sounds) and contexts (e.g., the same stimulus may have different effects when produced by specific people) associated with misophonia (for reviews, see Brout et al., 2018; Potgieter et al., 2019).

When an individual with misophonia anticipates or directly encounters triggering stimuli, common responses include physiological arousal (e.g., sympathetic nervous system activation), negatively valenced affective experiences (e.g., irritation, anger, anxiety, and disgust), and behavioral patterns congruent with freeze (e.g., hypervigilance toward possible trigger sources), flight (e.g., escape or avoidance behavior), and fight behaviors (e.g., indirect interpersonal aggression), all of which may be experienced as highly distressing and distinct from what would be expected typically by others in such contexts (for a recent comprehensive review, see Swedo et al., 2022). This multi-modal breadth of responses is, notably, incongruent with the literal translation of the term misophonia (i.e., hatred or dislike of sound). Put differently, in spite of its denotation, misophonia symptoms are neither limited to the emotion of hate (or other anger-related affective states) nor solely elicited by sounds.

Although scientific research investigating misophonia began less than 10 years ago (Edelstein et al., 2013; Schröder et al., 2013), the term has been in use for over 20 years. Other synonymous terms were used (e.g., selective sound sensitivity) prior to misophonia being coined by Jastreboff and Jastreboff (2001) and subsequently adopted by the lay public, clinicians, and scientists. More generally, misophonia has been framed within a broader category of disorders characterized by decreased sound tolerance (Jastreboff and Jastreboff, 2014). Similar but distinct conditions include hyperacusis (i.e., the physical properties of sounds, rather than their contextually associated meaning, are experienced as excessively intense and distressing), tinnitus (i.e., aversive ringing in the ears), and phonophobia (i.e., fear and avoidance of certain sounds). Additionally, some have used the term “annoyance hyperacusis” in a manner that is highly similar to misophonia (Tyler et al., 2014). Despite conceptual and definitional overlap of language used historically, the recently published consensus definition (Swedo et al., 2022) lays the groundwork for the term misophonia to be used, moving forward, in a more clear and consistent manner across a wide range of stakeholders (e.g., community members, clinicians, and researchers).

Recent empirical research has begun to identify phenotypic features associated with misophonia, which may help inform understanding of the etiology and maintenance of the condition and is important for developing treatment strategies. Although several studies have used neuroimaging or other experimental methods to identify candidate neural mechanisms (e.g., Kumar et al., 2017, 2021; Eijsker et al., 2021), the vast majority of findings to date have come from self-report measures and clinician-rated interviews used to explore the phenotypic correlates of misophonia. No epidemiologic or longitudinal research has been conducted and very few studies have used clinical control conditions to differentiate misophonia from other conditions (for an exception, see Siepsiak et al., 2022). There is a significant need for studies with children, adolescents, and families to begin understanding the developmental vulnerabilities and etiological pathways by which misophonia begins.

To date, most of the published research examining the nature and features of misophonia has explored the relationship between misophonia and problems with mental health. Collectively, literature reviews on these topics suggest that misophonia symptoms are associated with greater psychopathology across a wide range of psychiatric disorders (Brout et al., 2018; Potgieter et al., 2019; Swedo et al., 2022). Examples of specific studies using self-report methodologies have found that misophonia symptom severity is positively correlated with neuroticism, anxiety symptoms, depressive symptoms, difficulties with emotion regulation, affective instability, anxiety sensitivity, certain obsessive compulsive disorder (OCD) symptoms, perfectionism, somatic pain, and a self-reported diagnosis of post-traumatic stress disorder (PTSD; Wu et al., 2014; McKay et al., 2017; Cusack et al., 2018; Quek et al., 2018; Rouw and Erfanian, 2018; Jager et al., 2020; Siepsiak et al., 2020b; Cassiello-Robbins et al., 2021; Guetta et al., 2022a). Additionally, using a household sampling approach in Turkey, a recent study found that adults with misophonia were significantly more likely than those without misophonia to self-report a lifetime history of attention deficit/hyperactivity disorder (ADHD), OCD, bipolar disorder, substance use disorder, and conversion disorder (Kılıç et al., 2021). When considered collectively, these studies point to the early conclusion that misophonia may be associated with various psychological processes and symptoms across a range of mental health problems, and not to any one specific disorder or category of disorders.

However, as may be expected for a new and understudied disorder with little support from extramural funding entities, the vast majority of these studies have been limited by a range of methodological problems which preclude clear or definitive inferences. Examples include limitations with sampling (e.g., small samples, convenience samples, online sampling limited to those using misophonia support groups), scope (e.g., assessment restricted to a subset of mental health problems), and measurement. A major limitation related to measurement in many studies of misophonia has been the reliance on self-report inventories (i.e., surveys) with little to no psychometrically reported reliability or validity. Nonetheless, recently published research in the last 2 years has yielded several new self-report measures of misophonia with strong initial psychometric support. Examples include the Amsterdam Misophonia Scale (AMISOS-R; Schröder et al., 2013), Duke Misophonia Questionnaire (DMQ; Rosenthal et al., 2021), MisoQuest (Siepsiak et al., 2020a), Misophonia Response Scale (MRS; Dibb et al., 2021), and S-Five (S5; Vitoratou et al., 2021).

Each of these self-report measures has shown preliminary psychometric validation, and, collectively, provides promising new tools to help clinicians and researchers characterize misophonia. Despite the careful attention to psychometric considerations in the development of these measurement tools, additional studies are needed to cross-validate findings and provide clearer support for the sensitivity and specificity of these measures in the assessment of misophonia specifically, and not to other related phenomena. In addition, only one published study has demonstrated preliminary psychometric support for a structured clinical interview assessing misophonia (Duke Misophonia Interview; Guetta et al., 2022a), and no self-report or interview measures have been a priori developed and validated using the recently published consensus definition of misophonia (Swedo et al., 2022).

Although self-report assessment measures may be easy to access and administer, can be brief and quickly scored, there are many problems with relying on subjective measurement approaches alone when examining candidate phenotypic features of a newly defined construct. Weaknesses of self-report measures include poorly worded items (e.g., compound questions, items with jargon), items that do not fully measure the construct of interest, varying interpretations of items, response biases, limitations in knowledge or insight about items, and demand characteristics associated with the measure. Such problems with self-report are not unique to research on misophonia. Furthermore, however nascent that research on misophonia may be, reliance on self-report measurement has yielded information that is informative in generating hypotheses about the nature of misophonia. Following self-report measurement, a next step in advancing an understanding of the mental health problems associated with misophonia is the use of clinician-rated structured diagnostic interviews.

Several recent studies have used such measurement approaches. Jager et al. (2020) conducted the largest and most rigorous study to date examining the relationship between misophonia and psychiatric disorders in adults. In this study, 575 adults presenting for treatment at a clinic for misophonia in Amsterdam were interviewed using the Mini International Neuropsychiatric Interview (M.I.N.I.; Sheehan et al., 1998), a structured diagnostic assessment measure that assesses the presence of 15 current psychiatric disorders. Results from this study indicated that 72% of the sample did not meet the full criteria for any current psychiatric disorder. The most common current psychiatric disorders were mood disorders (10.1%), anxiety disorders (9%), ADHD (5.4%), and personality disorders (5%). Examples of other disorders that were less commonly observed were autism spectrum disorder (2.4%), substance use disorder (1.6%), impulse control disorder (2.1%), and tic disorder (1.6%). The findings from Jager et al. (2020) suggest that (a) a minority of adults seeking treatment for misophonia meet full criteria for any psychiatric disorder and (b) no singular disorder appears to be specifically related to misophonia.

In addition to mental health diagnoses, Jager et al. (2020) collected information about past medical history. Most participants (80%) reported no history of any medical health problems, and a small minority indicated having more than one medical health problem. Of those with medical health problems, the most common diagnoses were migraines, irritable bowel syndrome, asthma, and back pain. Additionally, hyperacusis (0.7%) and tinnitus (1.7%) were rarely reported medical conditions. Findings from Jager et al. (2020) about medical history suggest that misophonia may not be associated with any specific medical history problems. However, additional studies are needed before firm conclusions can be drawn.

The purpose of the present study was to replicate and extend the literature characterizing the nature and features of misophonia in adults. Specifically, the primary aim was to comprehensively investigate the relationship between misophonia severity and (a) categories of psychiatric disorders (e.g., mood, anxiety, etc.), (b) specific psychiatric disorders (e.g., major depressive disorder, PTSD, etc.), and (c) medical health history. This is the first large study to examine the associations between misophonia and DSM-5 psychiatric disorders using the SCID-5 (First et al., 2015a), a psychometrically validated, comprehensive structured psychiatric interview commonly used in large epidemiologic studies of psychiatric disorders. In addition, this is the first study we are aware of to report rates of lifetime medical health problems in adults with misophonia. Accordingly, results from this study may offer new insights into the mental health and medical history correlates of misophonia.



Materials and methods


Participants

Individuals between ages 18 and 65 enrolled in the study by accessing a link on the Duke Center for Misophonia and Emotion Regulation website1, which took them to an online screen conducted in REDCap (Harris et al., 2009). The study was approved by the Duke Health Institutional Review Board, and all participants provided signed informed consent to participate. No data are available indicating how participants learned about the study, but anecdotal reports suggest most individuals learned about the study from online sources (e.g., searching for information about misophonia, social media, and news media stories about misophonia linking to our Center). Participants received $75 for participation. Individuals who met the criteria for a current psychotic disorder, current mania, current anorexia, or were unable to read English were excluded from the online screen. There were 210 participants who completed eligibility screening and enrolled in the study. One person dropped out and two did not qualify to continue after meeting diagnostic criteria for current psychosis. Therefore, the final sample included 207 participants (females = 74.4%, n = 154) with an average age of 35.72 years (SD = 12.49). Detailed demographic information is provided in Table 1.


TABLE 1    Demographic characteristics.
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Measures


Structured clinical interview for diagnostic and statistical manual-5th, research version

The structured clinical interview for DSM-5 (SCID-5) is a psychometrically validated semi-structured interview and was used to assess current and lifetime symptoms of DSM-5 disorders by a trained assessor (First et al., 2015b). Variables used in this study included categorical diagnoses of DSM-5 current disorders of adulthood (e.g., in the past month or past 6 months) and history of these disorders across lifetime. Composite variables were also calculated to capture whether participants met the criteria for current categories of disorders, including obsessive-compulsive (OC Disorder; e.g., OCD, hoarding, etc.), mood (e.g., major depressive disorder, persistent depressive disorder, bipolar disorder, etc.), anxiety (e.g., generalized anxiety disorder, specific phobia, panic disorder, etc.), eating (e.g., anorexia, bulimia, etc.), substance use disorder (e.g., alcohol use disorder, etc.), or trauma-related disorder (e.g., PTSD). All diagnostic variables were coded dichotomously as 0 (below threshold and did not meet criterion) or 1 (above threshold and met the full criteria for the presence of disorder). Inter-rater reliability was assessed by a blind rater randomly rating 8% of SCID-I interviews via recorded interviews. Significant Cohen’s κ ranged from 0.63 to 1.00 (all ps < 0.05) for most disorders, reflecting acceptable inter-rater reliability. However, due potentially to the low rate of observed values in randomly selected interviews, Cohen’s κ was not significant for lifetime agoraphobia (κ = 0.43, p = 0.09) or generalized anxiety disorder (κ = 0.57, p = 0.06).



Structured clinical interview for diagnostic and statistical manual-5th personality disorders

The structured clinical interview for DSM-5 personality disorders (SCID-5-PD) is a semi-structured interview and was used to assess diagnostic symptoms of personality disorders from the DSM-5 by a trained assessor (First et al., 2015b). All traits of personality disorders were coded by the assessor as 0 (does not meet criteria), 1 (subthreshold), or 2 (threshold). The severity of symptoms for each disorder was calculated by summing the ratings of 0, 1, and 2 for all diagnostic criteria for each personality disorder. Categorical diagnoses of personality disorders were rated dichotomously as 0 (below threshold and did not meet criterion) or 1 (above threshold and met full criteria for presence of disorder). Inter-rater reliability was assessed by a blind rater randomly rating 8% of SCID-PD interviews via recorded interviews. Inter-rater reliability on total personality disorder symptoms was evaluated using intraclass correlation coefficients (ICCs) with Cohen’s κ analyses. There was agreement among the different raters for the personality disorders (all κ = 1, p < 0.001).



Demographics

A self-report measure developed for this study was used to obtain demographic and descriptive information, including age, ethnicity, marital status, and income.



Misophonia Questionnaire

This is a three-part self-report questionnaire that assesses misophonia symptom presence, resulting emotions and behaviors, and the overall severity of sound sensitivities (Wu et al., 2014). The first part of the scale, the Misophonia Symptom Scale, examines the presence of specific sound sensitivities to different types of sound stimuli (e.g., “people eating,” or “rustling”). For the present study, the mean score for the Misophonia Symptom Scale was 18.4 (SD = 6.9). The second part, the Misophonia Emotions and Behaviors Scale, examines emotional and behavioral reactions associated with misophonia. For the present study, the mean score for the Misophonia Emotion and Behaviors Scale was 20.2 (SD = 8.0). The first two parts are rated on a scale from 0 (not at all true) to 4 (always true). The third section, named the Misophonia Severity Scale, allows the participant to rate their sound sensitivity on a scale from 1 (minimal) to 15 (very severe). For the present study, the mean score for the symptom severity score was 7.4 (SD = 2.6). Finally, the total score for the Misophonia Questionnaire (MQ) was calculated by summing the first two scales, with scores ranging from 0 to 68. Cronbach’s α = 0.88 in this study. The mean total MQ score was 38.6 (SD = 13.3) in this study.



Medical History Questionnaire

A self-report questionnaire was developed by the study authors to assess participant medical history. The questionnaire assesses a broad array of lifetime medical health problems in participants and family members, including multiple types of developmental problems, neurodevelopmental disorders, neurocognitive disorders, neurological conditions, gastrointestinal problems, sensory processing difficulties, cardiac conditions, kidney conditions, and lung conditions (see Figures 9–17 for details).




Procedure

Interested individuals were directed to an online screening questionnaire where they provided information about their age, vision, and ability to read in English. They also completed the MQ (Wu et al., 2014). Prospective participants were then screened by telephone using the M.I.N.I. (version 7.0.2; Sheehan et al., 1998) to exclude individuals with a current psychotic disorder, current mania, or current anorexia nervosa. Upon arriving at the laboratory or joining virtually (through Zoom or WebEx), eligible participants provided informed consent, and completed diagnostic interviews and self-report questionnaires with a trained clinical assessor. After completing all study measures, participants were debriefed and received financial compensation for their participation.



Data analytic plan


Outcome variables

All analyses were conducted using SPSS (version 27). For the primary analyses, frequencies were calculated for psychiatric diagnoses and history of medical diagnoses.



Missing data and outliers

There were no outliers in these variables, enabling analyses to include all 207 participants. Missing values were not included in analyses.



Analytic strategy

Alpha was set a priori at a level of 0.05, two-tailed. Point-biserial correlation analyses were conducted to investigate the relationships between misophonia symptom severity (MQ total score; Wu et al., 2014) and (a) categorical psychiatric diagnoses and (b) history of medical health problems. Pearson correlation analyses were also used to investigate the relationships among misophonia symptom severity and measures of psychological functioning, including self-reported severity of psychiatric symptoms and severity of symptoms across personality disorders. To account for the multiple correlation analyses, we report results before and after conducting a Bonferroni correction.



Model specification

For secondary analyses, hierarchical linear regression models were conducted to further explore the relationships among misophonia symptom severity and the (a) categories of disorders and (b) specific diagnoses that had significant relationships with misophonia as suggested by univariate analyses. To examine which categories of disorders were the strongest multivariate predictors of misophonia symptom severity (MQ total score computed by summing subscales 1 and 2; Wu et al., 2014), the first model included as predictors dichotomous variables representing whether a participant met full criteria for any current OC related disorders, mood disorders, and anxiety disorders. In the second model, the current DSM-5 disorders that had significant univariate associations were tested as predictors of misophonia severity. In the third model, the symptom severity for avoidant personality disorder, dependent personality disorder, obsessive compulsive personality disorder (OCPD), paranoid personality disorder, schizoid personality disorder, narcissistic personality disorder, and borderline personality disorder (BPD) were tested as predictors. In the fourth exploratory model, the current specific disorders that had significant, direct effects on misophonia from the previous models were tested as predictors. Based on findings in previous studies (e.g., Wu et al., 2014) and significant correlations in the present study, age and sex assigned at birth were entered as planned covariates in Step 1 in all hierarchical regression models, and the other predictors entered in Step 2 with the total score of the MQ entered as the dependent variable.

Before analyses were conducted, tests of assumptions for regressions were conducted. There was linearity as assessed by partial regression plots and a plot of studentized residuals against the predicted values. Independence of residuals was assessed using Durbin-Watson statistics, which ranged from 1.90 to 1.98. Homoscedasticity was assessed by visual inspection of a plot of studentized residuals versus unstandardized predicted values. No evidence of multicollinearity was observed, as assessed by tolerance values greater than 0.1. The assumption of normality was met, as assessed by Q-Q Plot.





Results


Descriptive analyses

Anxiety disorders were the most prevalent category of disorder, with 56.9% of the sample meeting the full criteria for at least one current anxiety disorder (n = 120). The most commonly diagnosed specific anxiety disorders were social anxiety disorder (30.9%; n = 64) and generalized anxiety disorder (24.6%; n = 51). Mood disorders were the second most prevalent type of disorder, with 14.2% of the sample meeting full criteria for at least one current mood disorder (n = 30). The most commonly diagnosed mood disorders were persistent depressive disorder (7.6%; n = 16) and major depressive disorder (6.6%; n = 14). Please refer to Figures 1–8 for detailed rates of lifetime and current DSM-5 psychiatric disorders. Detailed rates of medical health history problems are listed in Figures 9–17. The three most commonly reported medical health problems for participants were seasonal allergies (32.2%; n = 68), acid reflux (30.8%; n = 65), and migraines (27.5%; n = 58). The three most common family medical health history items endorsed by participants were cancer (43.1%; n = 91), acid reflux (42.8%; n = 89), and high cholesterol (35.7%; n = 74).
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FIGURE 1
Rates of psychiatric disorders: anxiety disorders.
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FIGURE 2
Rates of psychiatric disorders: moods disorders.
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FIGURE 3
Rates of psychiatric disorders: substance disorders.
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FIGURE 4
Rates of psychiatric disorders: obsessive compulsive disorders.
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FIGURE 5
Rates of psychiatric disorders: eating disorders.
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FIGURE 6
Rates of psychiatric disorders: other disorders.
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FIGURE 7
Rates of psychiatric disorders: personality disorders.
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FIGURE 8
Rates of psychiatric disorders: overall disorders. N = 207. All psychiatric diagnoses were determined with the Structured Clinical Interview for DSM-5 (SCID-5; First et al., 2015a). “Current” indicates a current diagnosis and “Lifetime” indicates a diagnosis during a participant’s lifetime. AMC, due to another medical condition. Disorders were not listed if they had a prevalence rate of 0% for both the Lifetime and Current diagnoses. If a disorder is not present in the Current or Lifetime categories, the disorder was not assessed as part of the structured interview.
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FIGURE 9
Rates of medical health problems: neurodevelopmental disorders.
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FIGURE 10
Rates of medical health problems: neurocognitive disorders.
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FIGURE 11
Rates of medical health problems: neurological conditions.
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FIGURE 12
Rates of medical health problems: sensory processing difficulties.
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FIGURE 13
Rates of medical health problems: kidney problems.



[image: image]

FIGURE 14
Rates of medical health problems: lung problems.
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FIGURE 15
Rates of medical health problems: birth problems.
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FIGURE 16
Rates of medical health problems: problems. As a child.
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FIGURE 17
Rates of medical health problems: other problems. N = 207. Medical health problems were not listed if they had a prevalence rate of 0% for both the “Participant” and “Family History” categories. AMC, caused by another medical condition.




Correlation analyses

Results from correlational analyses are presented in Tables 2–5. For SCID-5 diagnoses, current OCD, major depressive disorder, persistent depressive disorder, stimulants/cocaine use disorder, panic disorder, agoraphobia, social anxiety disorder, specific phobia, and generalized anxiety disorder all had significant, positive correlations with misophonia symptom severity (ps < 0.05). In addition, lifetime history of OCD, major depressive disorder, persistent depressive disorder, alcohol use disorder, hallucinogens use disorder, panic disorder, agoraphobia, social anxiety disorder, and generalized anxiety disorder had significant, positive correlations with misophonia symptom severity (ps < 0.05). However, using a Bonferroni correction and corresponding alpha of 0.001, lifetime history of major depressive disorder and persistent depressive disorder was the only disorders significantly correlated with misophonia severity, and the correlation with current OCD was marginally significant (p = 0.001).


TABLE 2    Correlations between total score on the Misophonia Questionnaire (MQ) and categories of current and lifetime DSM-5 psychiatric diagnoses.
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TABLE 3    Pearson’s correlations between total score on the Misophonia Questionnaire (MQ) and specific DSM-5 psychiatric diagnoses.
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TABLE 4    Correlations between total score on the Misophonia Questionnaire (MQ) and personality disorder (PD) dimensional profiles.
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TABLE 5    Correlations between total score on the Misophonia Questionnaire (MQ) and medical health history items.
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For the assessment of medical health problems, a self-reported history of migraines, acid reflux, tinnitus, and hyperacusis all had positive, significant correlations with misophonia symptom severity before Bonferroni correction (ps < 0.05). In contrast, a history of diabetes was significantly negatively correlated with misophonia symptom severity (ps < 0.05). However, using a Bonferroni correction and corresponding alpha of 0.001, misophonia severity was no longer significantly correlated with any medical health history variable.



Hierarchical regression analyses

First, we examined which categories of psychiatric disorders were the best predictors of misophonia symptom severity. To accomplish this, we conducted a hierarchical regression with age and sex as covariates in Step 1, and each of the categories of disorders that were significantly positively correlated with misophonia symptom severity in univariate analyses: any current anxiety, OC-related, or mood disorder in Step 2. The model with age and sex predicting misophonia symptom severity in Step 1 was significant [R2 = 0.06, F(2, 204) = 7.00, p = 0.001; adjusted R2 = 0.06]. The full model of age, sex, and meeting full criteria for any current anxiety, OC-related, or mood disorder significantly predicted misophonia symptom severity in Step 2 [R2 = 0.16, F(2, 201) = 7.7, p < 0.001; adjusted R2 = 0.14]. The addition of these categories of current diagnoses over and above age and sex led to a significant increase in R2 of 0.10, F(3, 201) = 7.74, p < 0.001. Specifically, results from coefficient analyses revealed that sex (p = 0.024), age (p = 0.002), meeting full criteria for any current OC-related disorder (p = 0.017), and meeting full criteria for any anxiety disorder (p = 0.007) each had significant, direct effects on misophonia symptom severity, controlling for the effects of the other variables. Results from coefficient analyses are presented in Table 6.


TABLE 6    Coefficient statistics from the full models of the four regression analyses.
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Second, we examined which specific psychiatric diagnoses were the strongest predictors of misophonia symptom severity. To accomplish this, we conducted a hierarchical regression with age and sex as covariates in Step 1, and each of the specific disorders that were significantly positively correlated with misophonia symptom severity in univariate analyses: OCD, major depressive disorder, persistent depressive disorder, panic disorder, agoraphobia, social anxiety disorder, and generalized anxiety disorder in Step 2. The first model with age and sex predicting misophonia symptom severity in Step 1 was significant (see above in first regression results). The full model of age, sex, and the current DSM-5 diagnoses significantly predicted misophonia symptom severity in Step 2 [R2 = 0.22, F(9, 197) = 6.08, p < 0.001; adjusted R2 = 0.18]. The addition of these specific current diagnoses over and above age and sex led to a significant increase in R2 of 0.15, F(7, 197) = 5.51, p < 0.001. Specifically, results from coefficient analyses revealed that sex (p = 0.004), age (p = 0.001), OCD (p = 0.004), persistent depressive disorder (p = 0.025), and panic disorder (p = 0.011) each had significant, direct effects on misophonia symptom severity, controlling for the effects of the other variables. Results from coefficient analyses are presented in Table 6.

Third, we examined which personality disorder symptoms were the best predictors of misophonia symptom severity. To accomplish this, we conducted a hierarchical regression with age and sex as covariates in Step 1, and, in Step 2, symptom severity of each of the personality disorders that were significantly positively correlated with misophonia symptom severity in univariate analyses: avoidant, dependent, obsessive compulsive, paranoid, schizoid, narcissistic, and borderline. The first model with age and sex predicting misophonia symptom severity in Step 1 was significant (see above in first regression results). The full model of age, sex, and severity of personality disorder symptoms significantly predicted misophonia symptom severity in Step 2 [R2 = 0.19, F(9,197) = 5.08, p < 0.001; adjusted R2 = 0.15]. The addition of personality disorder symptom severity over and above age and sex led to a significant increase in R2 of 0.12, F(7,197) = 4.30, p < 0.001. Specifically, results from coefficient analyses revealed that sex (p = 0.011), age (p = 0.008), and the severity of OCPD (p = 0.030) and BPD (p = 0.009) each had significant, direct effects on misophonia symptom severity, controlling for the effects of the other variables. Results from coefficient analyses are presented in Table 6.

Last, we examined which psychiatric disorders were the best overall predictors of misophonia symptom severity. To accomplish this, we conducted a hierarchical regression with age and sex as covariates in Step 1, and, in Step 2, psychiatric disorder variables that emerged as the best predictors of misophonia symptom severity in our second and third hierarchical regressions: OCD, persistent depressive disorder, panic disorder, and severity of OCPD and BPD symptoms. The first model with age and sex predicting misophonia symptom severity in Step 1 was significant (see above in first regression results). The full model of age, sex, and psychiatric disorders in Step 2 significantly predicted misophonia symptom severity [R2 = 0.23, F(7,199) = 8.34, p < 0.001; adjusted R2 = 0.20]. The addition of psychiatric disorders over and above age and sex led to a significant increase in R2 of 0.23, F(5,199) = 8.37, p < 0.001. Specifically, results from coefficient analyses in Step 2 revealed that sex (p = 0.004), age (p = 0.002), OCD (p = 0.009), panic disorder (p = 0.019), and severity of BPD symptoms (p = 0.018) each had significant, direct effects on misophonia symptom severity, controlling for the effects of the other variables. Results from coefficient analyses are presented in Table 6.




Discussion

The purpose of the present study was to advance an empirical understanding of the phenotypic nature of misophonia in a large sample of adults by (a) using the SCID-5 to comprehensively assess the presence of current and lifetime DSM-5 psychiatric disorders, (b) examining whether there are any medical health history problems associated with misophonia, and (c) determining which specific psychiatric disorders may be the strongest predictors of misophonia severity. This is the first large study to both comprehensively assess DSM-5 current and lifetime psychiatric diagnoses using the SCID-5 (First et al., 2015a) and to explore medical health history using an extensive list of health problems in adults with misophonia.

Results indicated that anxiety disorders were, by a wide margin, the most prevalent type of psychiatric disorders observed in this sample. With 56.9% of the sample meeting full criteria for at least one DSM-5 anxiety disorder, participants in the present study had a far higher rate of anxiety disorders than would be expected in the general population worldwide (estimates range from 4.8 to 10.9% globally; for a recent review, see Stein et al., 2022). Although social anxiety disorder and generalized anxiety disorder were the most prevalent anxiety disorders in this sample, multiple anxiety disorders accounted for the high prevalence, suggesting misophonia is not associated with one specific anxiety disorder. Instead, it may be concluded that adults enrolling in a study about misophonia may be most likely to be diagnosed with any of a number of current anxiety disorders, with the most likely disorders being social anxiety disorder and generalized anxiety disorder. The high prevalence of anxiety disorders notwithstanding, participants also had a range of other co-occurring psychiatric disorders, including mood, OC-related, trauma-related, and personality disorders. For each of these categories of disorders, a pattern emerged wherein multiple specific disorders were present, rather than any one disorder. This is congruent with results from multiple previous studies using diagnostic interviews to assess DSM-IV psychiatric disorders (e.g., Erfanian et al., 2019; Jager et al., 2020; Siepsiak et al., 2022). Additionally, univariate analyses in the present study replicated and extended previous findings indicating that misophonia is not uniquely or specifically associated with any one type of psychiatric disorder. Instead, as has been reviewed elsewhere, misophonia symptoms are significantly positively correlated with a wide range of psychiatric disorders (for reviews, see Brout et al., 2018; Potgieter et al., 2019; Swedo et al., 2022).

Studies are needed to elucidate the relationship between the onset of misophonia during childhood or adolescence and the development of anxiety disorders and other mental health problems in adulthood. One hypothesis is that misophonia is an early life vulnerability factor that temporally precedes and increases anxiety, and that difficulties coping with misophonia and anxiety contribute to the subsequent onset of adult mental health problems. An alternative hypothesis is that early life vulnerabilities to anxiety or other mental health problems contribute to the onset of misophonia. Longitudinal and developmental studies are needed to investigate these hypotheses.

In the absence of prospective data addressing the relationship between misophonia and psychiatric disorders, cross-sectional studies using multivariate analyses may provide helpful information. Indeed, in the present study, a series of regression analyses revealed that (after accounting for age and sex), several psychiatric disorders emerged as multivariate predictors of misophonia symptom severity. Among all psychiatric disorders that were correlated with misophonia severity at the univariate level, BPD symptoms, OCD, and panic disorder each significantly predicted misophonia total score at the multivariate level with significant, independent effects. This result suggests the possibility that items on the MQ assessing misophonia severity (i.e., trigger frequency, common emotions, and behavioral responses when triggered) had direct relationships with these disorders beyond the effects of the other disorders, sex, and age. Because this is the first large study of misophonia to assess DSM-5 psychiatric disorders using structured clinical interviews, it is appropriate to cautiously interpret the findings suggesting these three individual disorders may have particularly strong multivariate associations with misophonia. At the same time, it is important to consider how each of these disorders and their underlying symptoms may have specific mechanisms that are directly related to misophonia.

Although Jager et al. (2020) did not report associations between BPD severity and misophonia, a recent study found that BPD severity, diagnosed using structured clinical interviews, was associated with higher misophonia symptoms (Cassiello-Robbins et al., 2020a). It is possible that there are overlapping features of these disorders, and/or that they share similar underlying mechanisms. For example, the BPD diagnostic criterion of marked anger may be particularly likely to be endorsed among individuals with higher levels of misophonia symptoms. Another hypothesis is that difficulties with affective instability and emotion regulation also jointly characterize BPD and misophonia (Guetta et al., 2022b). Additionally, in light of the low rate of participants above threshold for a diagnosis of BPD in the present study (2.9%), it is also possible that individuals who do meet the full criteria for this diagnosis are particularly likely to have higher misophonia symptoms. However, before firm conclusions can be made about the relationship between BPD and misophonia, additional studies are needed to better understand, at the item level, which BPD symptoms are differentially associated with misophonia.

The relationship between misophonia and OCD also has been previously studied. In Jager et al. (2020), very few participants met the diagnostic criteria for OCD (2.8%). Using the M.I.N.I (Sheehan et al., 1998), Siepsiak et al. (2020a) found that 6.0% of individuals with misophonia met the criteria for OCD, compared to 8.0% in a clinical control group with auditory over-responsivity. In another study using the M.I.N.I. (Sheehan et al., 1998), Erfanian et al. (2019) reported that 11.5% of adults with misophonia (n = 6) met the criteria for OCD. Cassiello-Robbins et al. (2020a), using the SCID-I (First et al., 1995), observed that 6.1% of adults met the full criteria for OCD. Among these studies, it is noteworthy that the largest sample (N = 575; Jager et al., 2020) had the lowest rate of OCD, in comparison to the other studies, which each had samples below 100 participants and somewhat higher rates. Findings from the present study indicated that 8.2% of participants had a current diagnosis and 13.5% had a lifetime diagnosis of OCD. These studies together do not suggest that OCD is a specific psychiatric disorder expected to co-occur with misophonia but do support the hypothesis that rates of current OCD may be higher in those with misophonia than in general population estimates worldwide (1.1%; Fawcett et al., 2020).

Others have reported significant positive correlations between misophonia symptom severity and OCD symptoms (e.g., Wu et al., 2014). Cusack et al. (2018) found that self-reported OCD symptoms partially mediated the relationship between anxiety sensitivity and misophonia. However, the relationship between OCD and misophonia may be complex, in light of results from McKay et al. (2017), who reported that misophonia symptom severity was positively correlated with some and negatively correlated with other features of OCD. Consistent with the notion that some but not all features of OCD may be common in misophonia, researchers have observed that traits of OCPD, but not OCD, are more common in misophonia (Jager et al., 2020).

One influential early study with 42 outpatients found that 52.4% of the sample met the criteria for OCPD, leading the authors to state that misophonia may be considered an OC – related disorder (Schröder et al., 2013). However, much lower rates of OCPD have been observed in more recent studies using a small community sample (10.2%; Cassiello-Robbins et al., 2021), a large sample of treatment-seeking adult outpatients with misophonia (2.4%; Jager et al., 2020), and in the present study (5.8%). In light of these mixed results, and given the estimated lifetime prevalence of OCPD in large epidemiologic samples (7.8%; Grant et al., 2012), it is important that additional studies are conducted to more clearly understand the relationship between misophonia and OCPD. It is possible that some (but not all) OCPD criterion behaviors are differentially associated with greater misophonia, including, for example, (1) preoccupation with details, rules, lists, order, organization, or schedules, (2) perfectionism that interferes with task completion, (3) over-conscientiousness, (4) inflexibility about matters of morality, ethics, or values, and (5) reluctance to delegate tasks or to work with others. This hypothesis is indirectly supported by Jager et al. (2020), who reported that 23.8% of their sample had OCPD traits, even though only 2.4% met the full criteria for the disorder.

Unlike OCD and OCPD, panic disorder has been studied relatively less in misophonia. It may be that the tendency to be highly distressed by interoceptive sympathetic nervous system cues (e.g., increased heart rate) and to avoid or escape from stimuli that elicit intense anxious arousal are shared features of panic disorder and misophonia. Although speculative, it is also possible that individual differences in transdiagnostic traits such as harm avoidance (McKay et al., 2017) or distress intolerance underlie both misophonia and panic disorder. Alternatively, it may be that the small number of participants with panic disorder in the present study had very high misophonia severity due to chance or an unobserved variable. Conservatively, results pointing to panic disorder as among the strongest predictors of misophonia severity need to be replicated in samples with higher frequencies before clear conclusions can be made.

In addition to investigating psychiatric disorders, this is the first larger scale study to report data assessing lifetime medical health problems among individuals with misophonia. An extensive list of medical problems was used, including developmental, neurological, audiological, cardiac, and other health problems. Before using an alpha correction procedure, results indicated that misophonia symptom severity was modestly but significantly associated with a lifetime history of migraines, acid reflux, tinnitus, and hyperacusis. However, when more conservatively accounting for multiple tests using a Bonferroni correction, no medical health problems were significantly associated with misophonia severity. This conclusion aligns with Jager et al. (2020), who also found no clear pattern of medical health problems associated with misophonia. Despite the findings from these studies, before definitive conclusions are made about medical health problems and misophonia, additional research using more rigorous methodologies is needed (e.g., population level data from electronic medical records, structured health history interviews).

There are a number of limitations in the present study that preclude definitive conclusions. A larger sample would enable a deeper understanding of the possible relationship between misophonia and psychiatric disorders and medical problems that have low base rates. Results from this study do not causally account for the nature of the relationship between any psychiatric disorders and misophonia. It is possible that there are transdiagnostic underlying processes across misophonia and the psychiatric disorders found in the regression analyses to each have direct effects. Difficulties with emotion regulation (i.e., anger regulation; Guetta et al., 2022b) or individual differences in harm avoidance McKay et al. (2017), for example, are two plausible candidate processes that can be examined in future studies. However, until the present study is replicated and prospective studies are conducted in large samples, it is only possible to speculate on such putative underlying mechanisms.

Despite this being one of the largest published studies to date using structured interviews, the study sample size was not large enough to observe high frequencies of certain diagnoses. This may have contributed to low rates of co-occurring disorders and limited statistical power to detect significant effects in our regressions. For example, only six participants met the full criteria for current panic disorder, and six met the full criteria for BPD. Although almost all previous studies examining psychiatric disorders in misophonia have smaller samples than the present study, it will be important to conduct larger future studies to rule out the possibility that findings using multiple regressions from the present study were related, in part, to the small samples of individuals with certain disorders.

Although efforts in the present study were made to diversify participant enrollment, the relative lack of racial, ethnic, gender, and socioeconomic diversity is a limitation that has been present in most studies of misophonia. Indeed, before conclusions can be made about the nature and features of misophonia, it is imperative that researchers recruit diverse samples of individuals that represent all people with misophonia, rather than samples that are primarily White, female, heterosexual, cisgender, and from high-income families.

One approach that can be used in future studies to increase the diversity of study enrollment is the use of population sampling methods that recruit randomly across households nationally. Although such studies require significant resources to complete, this will be a necessary step as science advances to characterize misophonia using increasingly rigorous methods. Such a sampling approach also would help ensure that findings from any given study are not confounded in any way by the geographical location, relative expertise, or any other factor associated with the investigative team and site. Indeed, in the present study, prospective participants contacted the study team directly through online screening found on the laboratory website. Although expedient, there may be participant factors associated with the capability and willingness to locate and enroll in research studies on misophonia. Until random sampling procedures are used, findings from the present study and all previous studies of misophonia should be interpreted with appropriate and reasonable inferences about the generalizability of study findings.

Another limitation of the study is the absence of assessment of several psychiatric disorders not included in the SCID-5. Although the SCID-5 is widely considered a gold standard measure used in large-scale epidemiologic studies, disorders of childhood and autism spectrum disorder were not assessed. To extend findings from the present study, it will be important for researchers to include assessment measures for these disorders in future studies designed to characterize misophonia. A related limitation is the absence of data in the present study with children and adolescents. To better understand the nature and features of misophonia it will be critical for future studies to include samples of children and adolescents, and to assess the onset of misophonia over time longitudinally and in the context of multiple developmental, environmental, and biological factors.

To summarize, the present study is the first to examine the relationship between misophonia and DSM-5 psychiatric disorders comprehensively using the SCID-5. Results indicated that anxiety disorders were the most common kinds of mental health problems associated with misophonia. Replicating and extending previous studies, misophonia symptoms were positively correlated with a wide range of psychiatric disorders, rather than being specifically related to any specific disorder (e.g., McKay et al., 2017; Rouw and Erfanian, 2018; Erfanian et al., 2019; Cassiello-Robbins et al., 2020b; Jager et al., 2020; Guetta et al., 2022b). However, regression analyses revealed that certain disorders were more strongly predictive of misophonia severity, over and above age (older), and sex (female). In addition, this is the largest study to examine the frequency of medical health problems among adults with misophonia. No discernable pattern of medical health history correlates was observed when controlling for multiple comparisons statistically. Results advance an understanding of the nature and features of misophonia in adults.
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The Selective Sound Sensitivity Syndrome Scale (S-Five) is a contemporary and multidimensional self-report instrument measuring different aspects of misophonia. The five-factor scale consists of 25 items measuring the severity of the misophonic experience. The items capture misophonia in relation to internalising and externalising appraisals, perceived threat, aggressive behavior (outbursts), and adverse impact on individuals’ lives. It is complemented by a trigger checklist (S-Five-T), measuring the emotional nature and intensity of reactions to sensory triggers. In this work, we administered the S-Five in two German samples with a majority of individuals with significant misophonia. The S-Five and the supplementary S-Five-T were both translated into German using a rigorous translation procedure (i.e., TRAPD) and were separately tested in large German community samples. Psychometric analyses included the evaluation of the factor structure, measurement invariance with respect to age and gender, reliability (internal consistency and stability over time), and an extensive examination of the construct validity in a proposed nomological network. The nomological network we explore in this work consists of several constructs including different misophonic manifestations, anger and aggression, disgust propensity, anxiety sensitivity, depression, obsessive–compulsive traits, and functional impairment in different life domains. Results indicate evidence in line with the nomological network as demonstrated by strong correlations between the S-Five dimensions and convergent measures. All S-Five dimensions strongly correlated with overall misophonic symptoms (r ≥ 0.53). Internalising appraisals were highly associated with insight into excessive or disproportionate reactions to sounds (r ≥ 0.59), externalising appraisals with anger and irritability (r ≥ 0.46), threat with trait anxiety and dysregulation facets (r ≥ 0.62), aggressive behavior (outbursts) with anger and behavioral dysregulation (r ≥ 0.70), and impact with distress and functional impairment (r ≥ 0.64). The results demonstrate that the S-Five has a robust five-factor structure and allows to draw reliable and valid conclusions about misophonic experiences in German samples. The proposed nomological network gives an initial insight into the nature of misophonia and provides a formalized fundament to develop and test further hypotheses about misophonia in a more sophisticated and symptom-oriented way.
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 misophonia, nomological network, psychometrics, selective sound sensitivity syndrome scale S-Five, construct validation


Introduction

Misophonia is a disorder related to decreased tolerance to certain sounds (Swedo et al., 2022), most commonly sounds related to eating, nose and throat sounds, and repetitive environmental sounds (Vitoratou et al., 2021a). Individuals with misophonia can experience profound distress and functional impairment from their emotional, physical and behavioral responses to these sounds (e.g., Jastreboff and Jastreboff, 2014; Brout et al., 2018; Jager et al., 2020).

For the assessment of the multidimensional experience of misophonia, Vitoratou et al. (2021b) developed a five-factor model scale known as the S-Five-E (Selective Sound Sensitivity Syndrome Scale - Experiences). The S-Five was constructed based on the responses and feedback of a large sample of English-speaking self-identified misophonic individuals, over four sampling waves. The resulting scale consists of 25-items corresponding to five dimensions: (1) internalising appraisals attributing blame for reactions to oneself (e.g., believing to be an unlikable or angry person), (2) externalising appraisals blaming other people (e.g., believing others to be rude and inconsiderate), (3) perceived emotional threat (e.g., feeling distress, trapped and helpless), (4) having or fearing having verbal or physical outbursts, and (5) the impact of misophonia on the ability to do things they would like to do. Along with the main scale, the S-Five has a supplementary trigger checklist (S-Five-T), which captures the emotional nature and intensity of the responses to sounds (Vitoratou et al., 2021b, 2022a). The format of the S-Five-T allows the researcher or clinician to modify the trigger sounds list and the response types, in line with changes in the growing literature on the field and individual presentations of the disorder. The five-factor model of the S-Five has been replicated in a large sample representative of the UK population (Vitoratou et al., 2022a). Excellent psychometric properties have been shown for the scale in English (Vitoratou et al., 2021b) and Mandarin (Vitoratou et al., 2022b), with cross-cultural replication of the five-factor model. A German translation, however, is still pending.

To our knowledge, the only genuine German questionnaire measuring misophonic symptoms is the Berlin Misophonia Questionnaire Revised (BMQ-R; Remmert et al., 2022). The BMQ-R reflects the proposed diagnostic criteria of misophonia by Jager et al. (2020). However, the BMQ-R is a long and comprehensive diagnostical instrument comprising 77 items. In comparison, given the S-Five’s inductive scale construction approach and resulting five core dimensions of misophonia, this scale measures typical misophonic experiences in a more efficient manner. Further, the S-Five allows to investigate the emotional nature and intensity of triggers. The strengths of the S-Five would thus certainly complement the measurement of misophonia in German samples. We therefore see merit in providing a valid German translation of the S-Five and in utilizing the strengths of both the S-Five and BMQ-R to investigate associations between misophonic symptoms.

Albeit evidence for the construct validity of the BMQ-R and the S-Five has been gathered, neither those two scales, nor any other misophonia questionnaire can be considered fully validated. Thus, construct validation plays a principal role in developing misophonia scales and in translating existing questionnaires. A widely used method for corroborating construct validity is showing evidence in line with nomological networks (Cronbach and Meehl, 1955). In nomological networks theoretical associations of constructs are to be empirically demonstrated and new constructs (e.g., misophonic symptoms) are to be placed in the proposed associational structure. To this end, hypotheses about relationships between attributes which are measured by a new instrument (e.g., the (German) S-Five) and convergent or discriminant constructs are formulated and tested. However, for relatively new constructs, such as misophonia, there is few and limited information on theoretical associations between constructs (i.e., misophonic symptoms or experiences). This does not imply the lack of a nomological network, but rather that it needs to be explored gradually. This study is a first and partially exploratory attempt to develop such a nomological network. The remainder of this introduction presents the descriptive and theoretical background for the development of the proposed nomological network of misophonia, followed by specific hypotheses and aims of the study.

A reasonable starting point for a nomological network of misophonic symptoms is the proposed diagnostic criteria put forward by Schröder et al. (2013) and revised by Jager et al. (2020). Based on a large sample of participants with misophonia, Jager et al. (2020) proposed five main symptom domains in their diagnostic criteria for clinically significant misophonia: (1) aversive emotional and physical reactions to sounds, with (2) insight into the excessive and disproportional nature of responses, (3) loss of self-control, (4) avoidance behavior, and (5) functional impairment. This description largely coincides with the recently published consensus definition of misophonia (Swedo et al., 2022). Nevertheless, several of the symptoms reported in the literature are not covered by those symptom domains, such as externalising and internalising appraisals as described by Vitoratou et al. (2021b) and Vitoratou et al. (2021a) and misophonic beliefs as described by Rosenthal et al. (2021). We therefore identified further symptom domains based on phenomenological similarities, and explored how these domains relate to different nomological aspects of misophonia. Recognition of similar psychological processes (e.g., reactions to sounds or influences on reactions; Swedo et al., 2022) and functions of symptoms (e.g., emotional regulation) is pivotal for the broadening of main symptom areas. This means grouping symptoms not necessarily by symptom type (e.g., a domain related to behavioral, cognitive, etc. symptoms), but rather by the function of the symptom (e.g., a domain for behavior used for the function of avoiding sounds or associated perceived threat, as separate from a domain for behavior used for the function of emotion regulation).

Based on the symptoms reported in contemporary misophonia literature (Jastreboff and Jastreboff, 2014; Brout et al., 2018; Potgieter et al., 2019; Jager et al., 2020; Vitoratou et al., 2021b; Swedo et al., 2022) we identified five main symptom domains: (1) misophonic appraisals, (2) misophonic emotional experiences, (3) misophonia-specific dysregulation, (4) misophonic avoidance, and (5) misophonic impairment. Critically, these symptom domains serve to give the nomological network a broader structure by clustering symptoms. In order to better understand this clustering attempt, the individual symptom domains and their associated symptoms are described in further detail below.

Misophonic appraisals encompass symptoms associated with the subjective meaning or evaluation placed on or knowledge about one’s own reactions to sounds and the circumstances in which they occur (i.e., attributional styles and clinical insight; Vitoratou et al., 2021b). These are meta-cognitive processes or beliefs about misophonic symptoms, rather than thoughts in response to misophonia triggers. The initial item pool for the Duke Misophonia Questionnaire (Rosenthal et al., 2021) included cognitive responses in the moment of triggers, but the items that were retained after factor analysis seemed to relate more to the state of urgency and intensity that occurs in that moment (e.g., “I would do anything to make it stop,” was retained), than to an appraisal of the situation (e.g., “They do not care how this sound affects me,” was not retained). In the symptom severity composite scale of the DMQ, these cognitive responses clustered together with other symptoms physical and emotion symptoms, not as a separate “cognitive” factor. That is, cognitions relating to the anguish of the moment were part of a dimension of physical, emotional and cognitive distress, and cognitions relating to assumptions about the moment did not seem to be part of the latent variable of misophonia symptom severity. We therefore focused this dimension on appraisals reflecting more general beliefs about the meaning of their symptoms, rather than appraisals in the moment.

The domain includes internalising and externalising appraisals (blaming for symptom experience; Rosenthal et al., 2021; Vitoratou et al., 2021b) as well as clinical insight (Jager et al., 2020; Swedo et al., 2022). Clinical insight included recognition of excess and recognition of disproportionality (e.g., see Jager et al., 2020). A broader definition of clinical insight includes the comprehension of one’s own symptoms (i.e., symptom coherence; e.g., Moss-Morris et al., 2002; Witteman et al., 2011). However, symptom coherence is a characteristic that has not been studied in the context of misophonia yet and is thus entirely exploratory in our study.

Misophonic emotional experiences entail all immediate emotional and physical reactions and experiences to misophonic triggers (i.e., anger, irritability, aggression, disgust, anxiety, and corresponding physical symptoms). Note that aggression entails different phenomenological aspects. We follow Buss and Perry (1992) distinguishing anger related to aggression, verbal and physical aggression as well as hostility. Physical reactions or symptoms are clustered within this domain since physical symptoms are part of the emotional misophonic response (i.e., autonomic stress response or emotional arousal; e.g., Edelstein et al., 2013). Although it has been shown that physical symptoms can be modelled as a separate misophonic factor (e.g., Dibb et al., 2021; Rinaldi et al., 2021), we do not see the benefit in separating physical reactions from the domain emotional experiences.

Misophonic emotional experiences are to be distinguished from misophonia-specific dysregulation, which is defined as an extension of loss of self-control (Remmert et al., 2022) as an incapability to cope with emotional experiences as well as uncontrolled behavioral manifestations for elevated levels of emotional arousal and negative affectivity. This also means disentangling various aspects of impaired self-control, including behavioral dysregulation (e.g., verbal or physical aggression), cognitive, and emotional dysregulation (i.e., loss of control over emotional experiences; e.g., Swedo et al., 2022). This domain is a category into which failed coping attempts fit (e.g., Guetta et al., 2022). It is not yet clear which domain the S-Five construct of perceived emotional threat fits into, as it includes items related to experiencing anxiety and distress, which may fit in the emotional experiences domain, as well as items related to feeling trapped and helpless (i.e., lack of regulative strategies to cope with misophonic experiences), which may align with the dysregulation domain.

Misophonic avoidance includes dysfunctional behavioral coping strategies to either prevent being exposed to misophonic sounds (anticipated avoidance) or escaping such situations (reactive avoidance; e.g., Remmert et al., 2022). Both avoidance behaviors form part of the definition of misophonia (Swedo et al., 2022). Rosenthal et al. (2021) showed that anticipated avoidance is the most prominent coping strategy before being faced with triggers, whereas reactive avoidance is the most prominent coping strategy when being triggered. Although avoidance behavior is a coping strategy, it can be distinguished from dysregulation because it serves the purpose of (re-)gaining control over the stimuli and is not the incapability to control emotional reactions. It may also include behaviors intended to prevent feared consequences of emotional dysregulation.

The fifth domain is misophonic impairment, which entails symptoms associated with the suffering and limitations caused by misophonic experiences (e.g., Wu et al., 2014; Jager et al., 2020; Swedo et al., 2022). Functional impact can be assigned to life domains or activities in which the impact occurs: e.g., cognitive impact, social impact, and impact on daily routine (WHO, 2001). Further, this domain entails distress as a consequence of misophonic symptoms including depressive mood and emotional burden (e.g., Jager et al., 2020; Remmert et al., 2022).

Note that this clustering of symptoms into domains is intended to facilitate the investigation of misophonic symptoms, rather than a strict classification. The domains may thus naturally overlap in some characteristics, while grouping misophonic symptoms reasonably. After having defined the broader structure of the nomological network, the following section outlines theoretical, empirical, and exploratory assumptions about how the specific symptoms are associated with each other, both within and across symptom domains (see Figure 1). Since there are 190 possible correlations between symptoms, we pragmatically concentrated on the core nomological structure, which predominantly involves symptoms being measured by the S-Five (indicated in grey boxes in the network in Figure 1). This is also due to the fact that the German S-Five is the focus of the presented studies. The proposed assumptions on associations are drawn from both misophonia research and the broader literature on mental disorders.

[image: Figure 1]

FIGURE 1
 Core Nomological Network of Misophonic Symptoms. Circles represent proposed misophonic symptom domains. Squares represent specific misophonic symptoms. Grey squares represent symptoms being measured by the S-Five scales. Dashed lines around symptoms within symptoms domains shall indicate that symptom domains are not strictly separated. Strong associations are indicated by black arrows, weaker associations are grey, negative associations are blue with less negative associations in light blue, dashed arrows indicate uncertainty.



Associations in the nomological network

Principally, we expect that misophonic symptoms, regardless of their proposed symptom domain, are significantly positively associated with each other. This is based on the understanding that these symptoms together constitute the higher-order construct of misophonia and are hence naturally associated with each other, which is widely empirically supported (e.g., Rinaldi et al., 2021; Rosenthal et al., 2021; Vitoratou et al., 2021a,b, 2022a,b; Remmert et al., 2022). Moreover, misophonic symptoms within the proposed symptom domains are expected to be strongly associated since they are identified on account of sharing common characteristics and functions. Any exceptions to these two principles, as well as specific hypotheses about associations between symptoms from different symptom domains, are outlined in the following sections. An additional principle of our validation approach is that explicit convergent measures (i.e., measures that exactly measure the same symptom) are assumed to correlate strongly.


Misophonic appraisals

Misophonic attributional styles (internalising and externalising appraisals) have been shown to correlate moderately with each other (Vitoratou et al., 2021b), which we assume to replicate in this study. Beyond this, the relationships of interest for misophonic appraisals are with clinical insight (i.e., recognition of excess and disproportionality, and symptom coherence), functional impact and distress, as well as misophonia-specific aggressive behavior (S-Five outbursts).

Individuals with misophonia often recognize that their behavior is excessive or disproportionate to the situation (Hadjipavlou et al., 2008; Jager et al., 2020; Swedo et al., 2022). Although the relationship between attributional styles and dimensions of clinical insight have not been investigated yet for misophonia, it is reasonable to assume that those recognizing their reactions as excessive or disproportionate would be more likely to attribute blame to themselves (internalising) than to other people (externalising). Critically, these relationships have been substantiated for psychiatric disorders (e.g., schizophrenia; Cotton et al., 2012) and neurodevelopmental conditions (e.g., autistic spectrum conditions; Didehbani et al., 2012). We therefore expect a higher correlation between recognition of excess or disproportionality and internalising appraisals compared with externalising appraisals. Further, it has been found that a good understanding of the nature and cause of obsessive–compulsive symptoms (i.e., symptom coherence) is associated with internal attributions, but not with external, environmental attributions (Pedley et al., 2019). Based on this, we likewise expect individuals with higher levels of symptom coherence for misophonic symptoms to be less likely to blame themselves, and instead understand that the source of the problem is not the individual, but the condition of misophonia itself. Thus, a negative correlation is expected between misophonic symptom coherence and internalising appraisals and a less negative or non-significant correlation with external appraisals.

Another characteristic of internal attribution is that it is strongly associated with depression, distress and daily impact, whereas external attribution has been shown to be less strongly associated (e.g., Peterson et al., 1981; Hu et al., 2015), which has also been shown for misophonia (Vitoratou et al., 2021b). We therefore expect strong associations to emerge between misophonic distress symptoms and functional impact with internal appraisals, but substantially less with external appraisals.

Finally, regarding the relationship with misophonia-specific aggression (outbursts), the original validation of the S-Five (Vitoratou et al., 2021b) found that the outbursts factor was moderately correlated with internalising and externalising appraisals. Surprisingly, outbursts were more strongly correlated with internalising than with externalising appraisals and both appraisal factors had low positive correlations with anger reactions to trigger sounds. While other research indicates that anger, aggression, and aggressive behavior are more frequent in those who blame others than themselves for their reactions (e.g., Averill, 1983; Quigley and Tedeschi, 1996), this appears to be have been the case with misophonia (Vitoratou et al., 2021b). We anticipate that both types of appraisals will be associated with higher levels of anger, aggression, behavioral dysregulation, and outbursts. Since irritability shares common emotional characteristics with anger and aggression (e.g., Stringaris, 2011) we assume it will also be associated with internalising and externalising appraisals.



Misophonic emotional experiences

Misophonia can cause a strong physical reaction (Edelstein et al., 2013; Kumar et al., 2017), which is most strongly associated with emotional reactions (Rosenthal et al., 2021). Accordingly, strong correlations between emotional misophonic responses (i.e., anger, aggression, irritability, disgust, and anxiety) and physical symptoms are assumed. Whilst anxiety may co-occur in misophonia, it is different in the psychological process compared to other emotional reactions (i.e., anger, aggression, irritability, and disgust). Anxiety is a rather anticipatory emotion caused by perceived threat whereas anger and related emotions (aggression and irritability) as well as disgust are rather reactive emotions caused by violations of personal needs, integrity or boundaries. For misophonia, anger is the most prominent reactive emotion whereas anxiety, if present, is rather anticipatory (e.g., Jager et al., 2020). Since anxiety is different from other emotional reactions in some features and does not necessarily need to co-occur, it is assumed to correlate lower (but still moderately) with other emotional reactions.



Misophonia-specific dysregulation

As experiencing anger, aggression and irritability when confronted with sounds might manifest in behavioral dysregulation such as aggressive outbursts (e.g., Swedo et al., 2022), these symptoms are particularly expected to correlate. Likewise, behavioral dysregulation and outbursts are likely to be related to functional impact, with this behavior naturally contributing to social conflicts and negative consequences in daily life (Wu et al., 2014). It is further hypothesized that emotional dysregulation is linked to the concept of threat as measured by the S-Five, which includes experiences of feeling trapped and helpless (i.e., expressions of dysregulated threatening emotions). Experiencing threat is conceptually and empirically related to anxiety and heightened autonomic arousal (i.e., physical symptoms; Vitoratou et al., 2021b) and therefore expected to be associated with anxiety and physical symptoms. Moreover, threat entails aspects of failed avoidance strategies in the sense that threat emerges when triggers cannot be avoided. We expect that experiencing threat motivates increased avoidance behavior in order to circumvent the feared consequences of being triggered. Thus, positive associations between threat, anxiety and avoidance strategies are expected. Threat has further been shown to be strongly correlated with functional impact (Vitoratou et al., 2021b) and is likewise expected to cause significant distress in individuals’ lives.



Misophonic avoidance

Experiencing threat and anxiety is generally associated with pronounced avoidance behavior causing significant distress and social isolation (Abramowitz et al., 2019). Considering the frequent reports of both anxiety and avoidance behavior in misophonia (Wu et al., 2014; Jager et al., 2020; Swedo et al., 2022), we assume that perceived threat, anxiety and avoidance behavior will be strongly correlated. Avoidance behavior can also contribute to the maintenance of symptoms (e.g., Spinhoven et al., 2017) and poor treatment outcomes, thus elevating symptom burden (e.g., Wheaton et al., 2018). Hence, we assume strong associations with functional impact.



Misophonic impairment

Most of the associations for symptoms from this domain have already been described in the previous sections. In summary, all misophonic symptoms being measured by the S-Five except for impact (i.e., externalising appraisals, internalising appraisal, outbursts and threat) are expected to highly correlate with symptoms from the domain misophonic impairment.





Associations with symptoms of other mental disorders and traits

To further explore the extension of the nomological network, we also investigated associations between the S-Five and S-Five-T scores with related psychological constructs. In particular, anxiety sensitivity, which is a relatively stable trait fear of arousal-related sensations (Hovenkamp-Hermelink et al., 2019), has been shown to be related to misophonic symptoms (Cusack et al., 2018; McKay et al., 2018; Schadegg et al., 2021). Higher anxiety sensitivity was found to strengthen the relationship between misophonia and aggression (Schadegg et al., 2021). Cusack et al. (2018) found that the relationship between anxiety sensitivity and misophonia was partially mediated by obsessive–compulsive symptoms. An association between obsessive–compulsive symptoms and misophonia has also been reported elsewhere (Wu et al., 2014; Erfanian et al., 2019; Jager et al., 2020). Misophonia has been associated with symptoms of depression (Erfanian et al., 2019), particularly in relation to internalising appraisals and impact (Vitoratou et al., 2021b). This fits with the notion that internal attributional appraisals are strongly associated with depression and distress (Hu et al., 2015). Therefore, we assume high correlations between internalising appraisals and impact, and depressive symptoms. The associations between anxiety sensitivity, obsessive–compulsive symptoms and misophonic symptoms are exploratory because the associations with misophonia have only been shown for overall misophonic symptoms. However, experiencing threat when confronted with sounds entails aspects of anxiety and heightened arousal (see Misophonia-specific dysregulation), so it is likely that threat is associated with higher levels of anxiety sensitivity.


Hypotheses

We expect to find equivalent psychometric properties for the German S-Five compared with the original version. Specifically, we hypothesize configural invariance between German-speaking and English-speaking populations, high internal reliability and high stability in time (>0.75 in agreement coefficients). We further expect to find similar intercorrelations between symptoms measured by the S-Five compared to the original validation study (Vitoratou et al., 2021b), which are outlined in Table 1. In relation to the nomological network, we outlined our hypotheses in the preceding section and summarize them in Table 2.



TABLE 1 Internal Consistencies and Intercorrelations of the S-Five from the Original Validation Study.
[image: Table1]



TABLE 2 Predicted Associations between Misophonic Symptoms in the Nomological Network.
[image: Table2]



Aims

The study has five specific aims:

1. Provide a rigorous German translation of the S-Five and S-Five-T instruments.

2. Replicate the results from the original S-Five in German.

3. Scrutinize the psychometric properties of the scales (i.e., internal consistency, model-based reliability, and test–retest reliability as well as evidence on construct validity including the factorial structure).

4. Utilize the S-Five to investigate an associational network of misophonic symptoms to demonstrate evidence for the construct-valid measurement of misophonic symptoms using the S-Five.

5. Provide a structural and theoretical basis for further explorations of misophonic symptoms and their associations through a nomological network.




Materials and methods


Study overview

Two studies were conducted. The first study was part of a larger validation study that investigated a nomological network for misophonia using the responses to the 25-items of the S-Five and to the items of a new diagnostical instrument for misophonia, the Berlin Misophonia Questionnaire (BMQ-R; Remmert et al., 2022). The purpose of the second study was to provide a (partial) replication of study 1, to include the S-Five-T measure, to evaluate the stability of the German versions of the S-Five and S-Five-T, and to extend the nomological network.



Participants

For both studies, individuals at least aged 16 or older were included in the analyses. Further eligibility criteria were not having been diagnosed with a severe learning disability or intellectual disability and having sufficient self-reported German language skills for answering the survey. Data protection guidelines were met and participants gave informed consent before completing the surveys. The studies were approved by the Ethics Committee at the Department of Education and Psychology of the Freie Universität Berlin, Germany (document number: 029/2020) and by the PNM Research Ethics Panel, King’s College London (RESCM-19/20-11,826).

In study 1, we further administered items assessing participants’ attention in line with DeSimone et al. (2015) and chose 80% correct answers as an inclusion cut-off. To check for aberrant response behavior we calculated a response pattern index as proposed by Meade and Craig (2012) excluding participants with more than 30% consecutive equal answers. The first study aimed at the evaluation of the dimensionality of the S-Five. Forero et al. (2009) suggested a sample size of N > 200–500 for using latent trait models for ordinal data using the WLSMV estimator. We collected data from 952 individuals, of which N = 639 (67.12%) completed the S-Five and met the inclusion criteria. For study 2, we recruited 322 participants, of which N = 235 (73.0%) met the inclusion criteria and completed at least the S-Five. The second study focused on the translation of the S-Five-T complementary trigger checklist along with providing a confirmation dataset for the factor structure of the S-Five scale and evaluating stability.

Both studies were conducted using social media platforms in Germany (e.g., Facebook and Instagram) as well as university mailing lists. Groups with individuals identifying as having misophonia as well as unspecific recruitment groups and groups with individuals suffering from any form of impaired hearing or disorders related to hearing (e.g., tinnitus, hyperacusis, etc.) were included in the sampling frame. The recruitment language was German. As an incentive participants could participate in a lucky draw for 10 × 5 Euro Amazon voucher and psychology students received course credit. In the second study motivation was provided in terms of a lucky draw for 25 × 20 Euro amazon vouchers. A test-retest study was conducted two to 4 weeks later.



Translation procedure

The translations of the scales from their respective language (i.e., Polish or English) to German was conducted by applying the TRAPD procedure (Harkness, 2003). TRAPD is an acronym for the following steps ensuring the quality of questionnaire translation: translation, review, adjudication, pretesting, and documentation. Two translators, who are fluent or native speakers of the respective languages, independently translated the items of each scale. The translated items were then reviewed with the translators and authors of the study (three of whom are German native speaker and fluent in English). Objects of the review were content, wording, and authenticity (i.e., evaluation of how natural or native the translation is) of the items. In this part, alterations of items were implemented if indicated.



Measures

All measures are described in detail below. For both studies, three scales measuring aspects of misophonia were administered: S-Five, BMQ-R, and MisoQuest.

For study 1, non-misophonia specific scales were administered, each with its instructions contextualized for the respondent to answer in relation to misophonia. At the beginning of the study, participants were asked to think about the sounds that bothered them most or, if not applicable, about typical misophonic sounds (i.e., eating, swallowing, and sniffing) and were instructed to consider either the presence or impact of those sounds in relation to each scale. For instance, we added the accessory sentence: “[…] when you are confronted with bothersome sounds.” This procedure aimed at minimizing between-person variability and within-person inconsistency due to thinking about different contexts when giving a response and thus aimed at increasing validity (cf. Lievens et al., 2008). The scales contextualized for misophonic sounds in study 1 were the Aggression Questionnaire (AQ), Brief Irritability Test (BITe), State–Trait Inventory for Cognitive and Somatic Anxiety (STICSA), Difficulties in Emotion Regulation Scale (DERS), Noise Avoidance Questionnaire (NAQ), Brief Experiential Avoidance Questionnaire (BEAQ), World Health Organization Disability Assessment Schedule 2.0 (WHODAS 2.0), Illness Perception Questionnaire Mental Health (IPQ-MH). Note that items from each instrument were administered randomly in blocks. For the BMQ-R, items from each symptom area were presented in randomized blocks (see Remmert et al., 2022).

For study 2, non-misophonia-specific scales were not contextualized for misophonia, because we aimed at investigating associations with adjacent clinical constructs not only limited to misophonic contexts. Further, the three constructs are not described as misophonic symptoms, so it is not reasonable to contextualize them accordingly. These were the Anxiety Sensitivity Index 3 (ASI-3), Patient Health Questionnaire 9 (PHQ-9), and the Dimensional Obsessive–Compulsive Scale (DOCS). Additionally, the S-Five-T was included in study 2, but not in study 1. For the S-Five, the order of questions (five S-Five items per question), and the order of item presentation in each question were randomized. Answering the S-Five-T trigger checklist was optional and participants were given the opportunity to skip to the following section after each trigger sound presented. This was done to minimize the potential distress and discomfort experienced when reading about misophonic triggers. Moreover, participants were randomly evenly allocated to either the BMQ-R or MisoQuest. The order of presentation for the BMQ-R items was randomized, as well as the order of the PHQ-9, DOCS, and ASI-3 thereafter. The three non-misophonia scales were optional. The links for the test-retest were sent out two to 4 weeks after initial participation in the survey. The follow-up survey contained the S-Five, S-Five-T, and basic demographic data such as a unique participant identification number and age.


Measures of misophonia

The Selective Sound Sensitivity Syndrome Scale (S-Five; Vitoratou et al., 2021b) is a self-report instrument measuring misophonic symptoms which consists of 25 items corresponding to five subscales: internalising appraisals, externalising appraisals, perceived threat, outbursts, and impact. Items are rated on an 11-point rating scale (0 = not at all true to 10 = completely true). A supplementary trigger checklist, the S-Five-T, consists of 37 misophonic triggers and both the emotional response (e.g., anger and disgust) and the intensity (from 0 to 10) of the response to triggers. Three indices can be derived: Trigger Count (i.e., number of triggers; TC), Frequency/Intensity of Reactions Score (i.e., total value of the intensity of triggers; FIRS), Relative Intensity of Reactions Score (i.e., intensity of reactions relative to the number of triggers; RIRS). The German and English S-Five can be found in the Supplementary material.

The Berlin Misophonia Questionnaire Revised (BMQ-R; Remmert et al., 2022) is a multidimensional diagnostical instrument for measuring misophonic symptoms. It consists of 15 symptom-oriented scales (excluding scales on anticipated reactions to sounds) which can be assigned to their corresponding diagnostic criteria by Jager et al. (2020). The scales have been shown to be reliable with McDonald’s ω ranging from.72 to.94. Results from latent variable models as well as correlations with convergent and discriminant measures give substantive evidence regarding construct validity. In total, 67 items were used, which are rated on a 6-point rating scale (0 = does not apply at all to 5 = completely applies).

MisoQuest1 (Siepsiak et al., 2020) is a unidimensional self-report instrument of misophonia with 14 items, rated on a 5-point Likert scale (1 = strongly disagree to 5 = strongly agree). The instrument was translated from Polish into German.



Emotion states and dispositions

The Aggression Questionnaire (AQ; Buss and Perry, 1992) comprises four dimensions: (1) physical aggression, (2) verbal aggression, (3) anger and (4) hostility with 29 items being rated on a 4-point rating scale (1 = does not apply to 4 = fully applies). We used the German version of the Aggression Questionnaire (Werner and von Collani, 2004)2 in an optimized version for the measurement of misophonia (see Remmert et al., 2022).

The Disgust Propensity and Sensitivity Scale Revised3 (DPSS-R; Cavanagh and Davey, 2000) reduced-item version (Fergus and Valentiner, 2009), is a measure of disgust encompassing the dimensions disgust propensity and disgust sensitivity. The items measure the frequency of physical and emotional symptoms of disgust which are rated on a 5-point rating scale (1 = never to 5 = always). For this study, only the disgust propensity (DP) items were used (six items), which measure how easily an individual is repulsed. The instrument was translated from English into German.

The State–Trait Inventory for Cognitive and Somatic Anxiety3 (STICSA; Ree et al., 2008) measures dimensions of state and trait anxiety. Only the two trait scales were used for the present study, which capture a predisposition to experience anxiety in response to certain types of stressors, namely cognitive (10 items) and somatic (11 items) stressors. The items are rated on a 4-point rating scale (1 = not at all to 4 = very much so). The instrument was translated from English into German and optimized for the measurement of misophonia (see Remmert et al., 2022).

The Anxiety Sensitivity Index (ASI-3; Taylor et al., 2007) consists of 18 items that assess anxiety sensitivity, that is fear of anxiety-related sensations. It consists of three subscales: physical, cognitive, and social concerns. Responses are given on a 5-point rating scale from 0 = do not agree at all to 4 = fully agree. The German version was developed by Kemper et al. (2011).

The Brief Irritability Test4 (BITe; Holtzman et al., 2015) is a 5-item measure of irritability in the last 2 weeks. Items are rated on a 6-point rating scale (1 = never to 6 = always). We used the German version by Krey (2017).

The Dimensional Obsessive–Compulsive Scale (DOCS; Abramowitz et al., 2010) is a 20-item measure of obsessive–compulsive disorder. There are four categories of concerns: contamination, responsibility for harm, unacceptable thoughts, and “just right” concerns (denoted as symmetry). For each category there are five questions (rated from 0 to 4), asking about time occupied, avoidance behaviors, associated distress, functional impairment, and resistance to obsessions and compulsions. The German version by Fink-Lamotte et al. (2020)
5 was used.

The Patient Health Questionnaire (PHQ-9; Kroenke et al., 2001) is a 9-item measure of symptoms of depression. Respondents answer how often they were bothered by each symptom in the past 2 weeks, on a 4-point rating scale from 0 = not at all to 3 = almost every day. We used the German version by Gräfe et al. (2004).6



Emotion regulation

The Difficulties in Emotion Regulation Scale (DERS; Gratz and Roemer, 2004) is a measure of emotion regulation which consists of six subscales. For this study, we chose the following three subscales: (1) impulse control difficulties, (2) difficulties engaging in goal-oriented behavior, and (3) limited access to emotion regulation. These subscales consist of 19 items in total, of which 15 were chosen regarding their content validity to match the intended validation purpose. The items are rated on a 5-point rating scale regarding the experienced frequency (1 = almost never (0–10%) to 5 = almost always (91–100%)). The German version by Gutzweiler and In-Albon (2018)4 was used.



Avoidance behavior

The Noise Avoidance Questionnaire5 (NAQ; Bläsing and Kröner-Herwig, 2012) is a German self-report instrument measuring sound avoidance in daily life. It comprises 25 items of which 10 items describe specific situations that might be avoided. The remaining 15 items refer to specific behaviors related to sound avoidance. The more behavior-oriented items were chosen which are rated on a 5-point rating scale (1 = never to 5 = very often/always). We could not obtain the German items, so that the English items were translated. Since the statements are short and concise, we do not expect compromising effects due to translation, however, we optimized the item selection for the measurement of misophonia (see Remmert et al., 2022).

The Brief Experiential Avoidance Questionnaire (BEAQ; Gámez et al., 2014) is a 15-item measure of avoidance behavior. For this study, items from the original Behavioral Avoidance subscale of the German version (Böge et al., 2020)7 were relevant as they reflect situational avoidance of physical distress. Items are rated on a 6-point rating scale (1 = strongly disagree to 6 = strongly agree).



Impairment

The World Health Organization Disability Assessment Schedule 2.08 (WHODAS 2.0; Üstün et al., 2010) is a clinical instrument based on the International Classification of Functioning, Disability and Health (ICF; WHO, 2001) which measures the impact of a given health condition in six domains of life: Cognition, mobility, self-care, getting along, life activities, and participation. Since mobility and self-care appear to be irrelevant for misophonia, these domains were not administered. The German self-report 36-item version (27 items after discarding the two domains) was optimized for the measurement of misophonia (see Remmert et al., 2022). Items are rated regarding the extent of difficulty individuals have doing the presented activities using a 5-point rating scale (1 = none to 5 = extreme or cannot do).



Clinical insight

Illness Perception Questionnaire Mental Health (IPQ-MH; Witteman et al., 2011) is an adapted version of the Illness Perception Questionnaire Revised (IPQ-R; Moss-Morris et al., 2002) measuring an individual’s perception of their mental health problem. Only the coherence subscale (five items), measuring the extent of an individual’s understanding of their mental health problem, was used for this study. The items are rated on a 5-point rating scale (1 = strongly disagree to 5 = strongly agree), with a higher score indicating more symptom coherence. The German version of the IPQ-R9 (Gaab et al., 2008) was used and adapted in line with Witteman et al. (2011) by replacing the term ‘illness’ with ‘problem’ in each item. There was one item from the coherence subscale of the IPQ-R that was removed from the scale for the final version of the IPQ-MH (“the symptoms of my condition are puzzling to me”). We included it in our survey as it had appeared in the German version of the IPQ-R and after initial psychometric examination showed a good fit, we retained the item in the measure.




Statistical analyses

The subscales of the S-Five were jointly modelled in a confirmatory factor analysis (CFA) according to the specified measurement model by Vitoratou et al. (2021b). Therefore, we specified a correlated first-order factor model. Measurement models of the validation instruments were specified according to the original factor structure, but sometimes with an optimized set of items which adequately fit the measurement of misophonia (see Remmert et al., 2022). For the DERS scales we specified an S•I-1 model (Eid et al., 2017) with one item as the reference item (general dysregulation) and the other items as specific factors (dysregulation facets), which is different from the original. This procedure allows us to investigate associations of misophonic symptoms with general dysregulation and its facets rather than with the facets alone.

Non-normality and categorical indicators were taken into account using the weighted least square mean and variance adjusted (WLSMV; Muthén et al., 1997) estimator with ordered categories. For the S-Five (continuous indicators) we used maximum likelihood estimation with robust (Huber-White) standard errors (Huber, 1967; White, 1980). Item omissions were addressed using full information maximum likelihood estimates.

Model fit was evaluated by using absolute and relative fit indices. Namely, the exact relative χ2 (that is the ratio of the χ2 over the degrees of freedom) with values ranging from 2 (Hoelter, 1983; Ullman, 2001) to < 5 (Wheaton et al., 1977; West et al., 2012) indicating adequate fit (Schermelleh-Engel et al., 2003), the Root Mean Squared Error of Approximation (RMSEA) with values close to 0.06 indicating adequate fit (Hu and Bentler, 1999), the Standardized Root Mean Square Residual (SRMR) with values close to 0.08 indicating good fit (Hooper et al., 2008), McDonald’s Centrality Index (Mc) close to 0.90 (Hu and Bentler, 1999); as well as Comparative Fit Index (CFI) and Tucker Lewis Index (TLI) close to 0.97 (Schermelleh-Engel et al., 2003). The Expected Cross Validation Index (ECVI) was used to compare non-nested models (Browne and Cudeck, 1989).

The multiple indicator multiple causes model (MIMIC; Joreskog and Goldberger, 1975; Muthén, 1979) was used to assess measurement invariance in relation to gender and age. An item was regarded as non-invariant when the effect of the exogenous variable (age or gender) on the item directly (hereafter direct effect or de) was statistically significant.

Internal consistency was estimated with model-based McDonald’s ω (McDonald, 1999). The test-retest reliability was evaluated using the intraclass correlations coefficient (ICC; Shrout and Fleiss, 1979). ICC values > 0.75 are interpreted as good reliability, according to Koo and Li (2016).

Correlations were interpreted in line with Cohen (1988); i.e., r = |0.10|, r = |0.30|, r = |0.50| are considered weak, moderate and strong, respectively. Differences between correlations were statistically compared using Fisher’s z-test of dependent correlation or between an empirical and a hypothesized correlation (Fisher, 1956). We applied Bonferroni correction to significance-level α in order to address α-error inflation due to multiple testing (Bonferroni, 1936) and further decided to be as conservative as possible, thus correcting for all calculated correlations per study. In study 1 we calculated 820 correlations and therefore α = 0.00006 and for study 2 we calculated 465 correlations and therefore α = 0.0001. Additionally, we corrected for hypothesized correlation comparisons. For the 17 comparisons in study 1 α = 0.0029 and for the 17 comparisons in study 2 α = 0.0029. Ten comparisons between independent samples were tested using Fisher’s z-test of correlations in two independent samples (Fisher, 1956) with a corrected α = 0.005. Note that due to dropouts (respectively pairwise complete analyses) the sample sizes of dependent comparisons between correlation may vary within both studies, so we always selected the smallest overlapping sample size and still counted all comparisons within each study to adjust alpha-inflation, which is the most conservative method. The statistical software of Stata 16 (StataCorp, 2019), Mplus 8 (Muthen and Muthén, 1998-2017), and the “lavaan” package (version 0.6-9; Rosseel, 2012) in R (R Core Team, 2017) were used to carry out the analysis.




Results


Descriptive indices

In sample 1 with N = 639, most participants (86.2%) were female, and two individuals indicated non-binary gender. The mean age was M = 34.28 years (SD = 11.52, range 16 to 69). Approximately one-third (32.7%) were students. Further, one-third of the sample had a university degree and 46.7% had at least a college entrance qualification. A majority had a partner or was married (65.1%), whereas 33.9% did not have a partner or was living separated. Almost a third of the sample (30.3%) was either part-time or marginally employed, 37.3% was full-time employed, and 13.3% unemployed. About half of the sample (47.5%) fulfilled the diagnostic criteria by Jager et al. (2020) (with 24.6% having severe symptoms) as classified by the BMQ-R.10 According to the S-Five total score cut-off (i.e., total score of 87 or higher; cf. Vitoratou et al., 2022a), more than half of the sample (57.4%) had significant misophonia.

In sample 2, with N = 235, the majority of participants was female (85.1%), with two participants identifying as non-binary. The mean age was 35.8 years (SD = 11.8, range 19 to 80). The majority of the sample (95.3%) reported living in Germany or another German-speaking country (Germany 86.0%, Austria 5.5%, Switzerland 3.0, 5.9% rest of world). In terms of educational attainments, 6.4% had up to high school, 47.7% reported having done apprenticeships, 26.8% undergraduate degree, 14.5% postgraduate degree, and 4.7% doctoral or similar. Significant misophonia as indicated by the S-Five total cut-off was observed for 58.3% of the sample.



Structural validity and measurement invariance

The five-factor correlated model showed adequate fit to the data in both the first [χ2(265) = 850.93, p < 0.001, rel. χ2 = 3.21, CFI = 0.94, TLI = 0.93, RMSEA = 0.07 [0.06–0.07], SRMR = 0.05, Mc = 0.55, ECVI = 1.87] and the second sample [χ2(265) = 452.15, p < 0.001, rel. χ2 = 1.71, CFI = 0.94, TLI = 0.94, RMSEA = 0.06 [0.05–0.06], SRMR = 0.05]. An outline of the estimated model in sample 1 is shown Figure 2.
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FIGURE 2
 First-Order Factor Model of S-Five Scales. N = 639. All factor loadings, intercepts, and correlations are significant at p < 0.00006. Factor loadings and intercepts are completely standardized (both latent and observed variables). Unstandardized factor standard deviations are shown next to the latent variables.


Measurement invariance was explored with respect to gender and age, each adjusted for the other and the levels of the five factors. In sample 1, five items were directly affected from age but with negligible effect sizes (INT01: de = −0.018, p = 0.017; INT02: de = −0.020, p = 0.005, INT04: de = 0.020, p = 0.042, IMP03: de = 0.032, p = 0.001, IMP02: de = 0.670, p = 0.017). Two items were also affected from gender adjusted for age and the five misophonic dimensions of the misophonic experience (INT05: de = 0.698, p = 0.001; OUT03 de = 0.670, p = 0.017), with however less than one unit of effect on a 0 to 10 scale. Similar results emerged in the second sample, with three significant effects emerging for either age (INT02: de = −0.037, p = 0.002, INT04: de = −0.034, p = 0.007, OUT04: de = −0.032, p = 0.017) and gender (EXT01: de = 1.001, p = 0.013; IMP01: de = 1.068, p = 0.002; IMP03: de = 1.588, p < 0.001), with low magnitudes in either case.

An alternative bifactor S-1 model (Eid et al., 2017) was also fitted as from a theoretical perspective, the outburst factor comprises both verbally as well as physically aggressive behaviors. The bifactor S-1 model maintains a general outburst factor but takes the implied two-dimensionality of outbursts into account. The model was specified with physically aggressive behavior as the reference facet (G-factor) and verbally aggressive behavior as the specific factor yielding a model with good fit [χ2(4) = 11.84, p < 0.05, rel. χ2 = 2.96, CFI = 0.99, TLI = 0.98, RMSEA = 0.07 [0.03–0.12], SRMR = 0.02, Mc = 0.99, ECVI = 0.08]. Likewise, an adapted five-factor correlated model integrating the presented bifactor S-1 approach for the factor outbursts demonstrated good fit [χ2(259) = 714.73, p < 0.001, rel. χ2 = 2.76, CFI = 0.96, TLI = 0.95, RMSEA = 0.06 [0.05–0.06], SRMR = 0.05, Mc = 0.63, ECVI = 1.63]. Model comparison using a likelihood ratio test yielded a significantly better model fit of the bifactor S-1 model [Δχ2(6) = 115.29, p < 0.001, ΔCFI = 0.01, ΔRMSEA = 0.01]. For an outline of the alternative bifactor S-1 model see Figure 3.
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FIGURE 3
 Bifactor S-1 Model of S-Five Scales. N = 639. Factor loadings and intercepts are completely standardized (both latent and observed variables). Unstandardized factor standard deviations are shown next to the latent variables. zThe correlation is per definition set to zero. †n.s., *p < 0.05, **p < 0.01.




Internal consistency and intercorrelations of the S-Five

In both samples, the estimated internal consistencies of the factors were good to excellent, according to McDonald’s ω (ω ranged from 0.86 to 0.93; see Table 3). Descriptively, we found similar internal consistencies compared with the original validation study, except for impact and perceived threat, which were found to be slightly higher in our studies. In Study 1, the factor intercorrelations ranged from r = 0.40 to r = 0.72 with threat and impact being highest correlated (Table 1). Similarly, in study 2 the factor intercorrelations ranged from r = 0.51 to r = 0.79, with threat and impact again being most strongly correlated. All intercorrelations are significantly higher than in the original validation study (p < 0.005 for all comparisons), but we found almost the same correlational pattern. An exception was perceived threat which was comparably higher correlated with internalising appraisals and outbursts than other factors were correlated with internalising appraisals and outbursts. This aligns with the fact that perceived threat and outbursts were in general unproportionally highly correlated with other factors when compared to the original validation study (differences between 0.16 and 0.36).



TABLE 3 Means and standard deviations, latent (Study 1) and Spearman’s (Study 2) intercorrelations, and reliability estimates for the S-Five.
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Test–retest reliability (study 2)

The S-Five items and scores all showed excellent agreement across the test and retest (N = 52), with ICC[image: image]0.86 in all cases and ICC = 0.90 for the total S-Five score. Similarly for the S-Five-T trigger scores, agreement was excellent with ICC[image: image]0.84 in all cases and ICC = 0.90 for the TC, FIRS, and RIRS.



Nomological network of misophonic symptoms: Construct validity

In this section, we report results regarding the proposed nomological network of misophonic symptoms for each symptom domain. In each section, we first describe associations within the respective symptom domain followed by associations between different domains and associations with symptoms of other mental disorders and traits. We additionally report associations between misophonic trigger scores and between S-Five scales and overall misophonic symptoms at the end of this section. An updated version of Figure 1 depicting the empirical nomological network can be found in Figure 4.
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FIGURE 4
 Empirical Nomological Network of Misophonic Symptoms. Circles represent proposed misophonic symptom domains. Squares represent specific misophonic symptoms. Grey squares represent symptoms being measured by the S-Five scales. Dashed lines around symptoms within symptoms domains shall indicate that symptom domains are not strictly separated. Strong associations are indicated by black arrows, weaker associations are grey, negative associations are blue with less negative associations in light blue, exploratory associations are red with weaker associations in light red, dashed arrows indicate uncertainty due to mixed results.



Misophonic appraisals

Internalising and externalising appraisals were moderately to highly positively correlated (Table 3). For internalising appraisals, the correlations with recognition of disproportionality and excess were higher than the moderate correlations emerging with externalising appraisals (p < 0.0029 for all four comparisons; Table 4). Coherence of misophonic symptoms (IPQ-MH), i.e., the level of comprehension regarding misophonic symptoms, moderately negatively correlated with internalising appraisals, whereas externalising appraisals were not significantly associated with symptom coherence and were further less negatively correlated compared to internalising appraisals (p < 0.0029; Table 5).



TABLE 4 Means and standard deviations, latent (Study 1) and Spearman’s (Study 2) intercorrelations, and reliability estimates of the BMQ-R symptom part, and MisoQuest.
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TABLE 5 Latent (Study 1) and Spearman’s (Study 2) intercorrelations of the S-Five with AQ, BITe, STICSA, DERS, NAQ, BEAQ, IPQ-MH, WHODAS 2.0, PHQ-9, ASI-3, and DOCS.
[image: Table5]

For both externalising and internalising appraisals, we found strong positive correlations with anger and irritation reactions in both samples (Table 4). Hostility, verbal and physical aggression, all of which are part of the definition of aggression (AQ), were found to be mainly moderately correlated with internalising and externalising appraisals, except for hostility and internalising appraisals where we found a high correlation (Table 5). Irritability (BITe) emerged to correlate highly with both appraisal styles, however, stronger with internalising appraisals (p < 0.0029; Table 5). This pattern could also be partly shown for the association with behavioral dysregulation (BMQ-R; Table 4) in study 1 (p < 0.0029), but not for study 2 (p = 0.013), and for outbursts in study 2 (p < 0.0029; Table 3), but not for study 1 (p = 0.014). However, for difficulties in impulse control (behavioral dysregulation; DERS) we found no correlations with misophonic appraisal styles (Table 5). We further found associations between internalising and externalising appraisals and functional impairment in different life domains: social interactions, participation in society, cognition, daily routines, and household (WHODAS 2.0; Table 5). Internalising appraisals were most strongly correlated with impairment in social interaction, society and cognition, whereas externalising appraisals were significantly lower but still moderately correlated with impairment in different life domains (p < 0.0029), except for impairment in household (p = 0.0170) and impairment in daily routine (p = 0.004). Further, misophonic distress and functional impairment (BMQ-R) were strongly correlated with internalising appraisals, but relatively lower with externalising appraisals in study 1 (p < 0.0029; Table 4), but not for study 2 (p = 0.054 and p = 0.455, respectively). We further found lower correlations between externalising appraisals and impact (S-Five) compared to internalising appraisals in study 1 (p < 0.001), but not for study 2 (p = 0.146).

Anxiety sensitivity (ASI-3) moderately correlated with internalising appraisals and; Table 3 descriptively lower with externalising appraisals (Table 6). The highest correlation was found for the cognitive facet of anxiety sensitivity with internalising appraisals, whereas the lowest (not significant) correlation emerged between the physical facet of anxiety sensitivity and external appraisals. Notably, the obsessive–compulsive facets contamination and unacceptable thoughts of the DOCS were positively weakly to moderately correlated with both misophonic appraisal styles showing no descriptive difference in the magnitude. The facets responsibility and symmetry were weakly or not correlated with misophonic appraisals. Depressive symptoms (PHQ-9) were moderately correlated with both internalising and externalising appraisals, however, not significantly lower with externalising appraisals (p = 0.176).



TABLE 6 Means, standard deviations and intercorrelations of the S-Five-T scores, S-Five, the BMQ-R symptom part, MisoQuest, PHQ-9, DOCS, and ASI-3.
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Misophonic emotional experiences

As we did not assign any of the S-Five scales to the domain misophonic emotional experiences, we report results within this domain in a separate table (see Table 7).



TABLE 7 Latent (study 1) and Spearman’s (study 2) intercorrelations of misophonic symptoms from the domain misophonic emotional experiences.
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All misophonic emotional reactions were highly correlated with physical symptoms (BMQ-R) except for verbal and physical aggression, hostility (AQ), and disgust propensity (DPSS-R), which were moderately correlated. We found high associations between anxiety and anger and irritation (BMQ-R) as well as between cognitive anxiety symptoms (STICSA) and anger, irritation (BMQ-R), and verbal aggression and hostility (AQ). Interestingly, cognitive anxiety (STICSA) was descriptively highest correlated with hostility and anger (AQ). Contrary to our prediction, anxiety was not always lower correlated with other emotional reactions than their respective intercorrelations. For example, anxiety and irritation (BMQ-R) correlated to r = 0.72, whereas irritation correlated lower with anger (AQ; r = 0.50; p < 0.0029) and irritability (BITe; r = 0.62; p < 0.0029). Another example is a similarly high correlation between anxiety and anger (BMQ-R) compared to the correlation between two measures of anger (BMQ-R and AQ; r = 0.58; p = 0.062). An even clearer pattern emerges for the second study, where we only found a predicted difference between the association of anxiety and disgust (r = 0.53) compared to disgust and anger (r = 0.77; p < 0.0029). All other correlations were not significantly different (p > 0.0029 for all comparisons).



Misophonia-specific dysregulation

Outbursts (S-Five) and threat (S-Five) were highly correlated with behavioral dysregulation (BMQ-R) in both samples. Outbursts also correlated highly with threat in both samples and further significantly higher than in the original validation study (p < 0.001 for both comparisons). Also, general dysregulation (DERS; BMQ-R; Tables 4 and 5) was highly correlated with outbursts and threat, whereas difficulties in impulse control (behavioral dysregulation; DERS) when controlled for general dysregulation was not significantly correlated with any S-Five measure (Table 5). As expected, emotional dysregulation (BMQ-R) was highly correlated with threat, but emotional dysregulation when controlled for general dysregulation (DERS) was not significantly associated with threat. Notably, we also found a strong association between cognitive dysregulation (BMQ-R) and threat.

Besides correlations within the domain misophonia-specific dysregulation, threat was very strongly associated with misophonic anxiety (BMQ-R) as well as cognitive and somatic anxiety symptoms (STICSA). Likewise, physical misophonic symptoms were strongly associated with threat. In line with predictions about associations with avoidance behavior, we found high correlations between threat and reactive and anticipatory avoidance (BMQ-R), noise avoidance (NAQ), and behavioral avoidance (BEAQ).

Symptoms within the domain misophonic impairment were predominantly strongly associated with threat. For example, impact (S-Five) as well as distress and functional impact (BMQ-R) correlated strongly with threat in both samples (Table 4). Also, specifically impairment in society and social interaction (WHODAS 2.0) were strongly associated (Table 5), whereas impairment in cognition, daily routine and household were moderately correlated. Likewise, strong associations between outbursts and impact (S-Five), functional impact and distress (BMQ-R), as well as impairments in social interaction (WHODAS 2.0) were observed. Moderate associations emerged for outbursts and impairment in household, daily routine, and society (WHODAS 2.0).

Depressive symptoms (PHQ-9) were moderately associated with both threat and outbursts (Table 6). For anxiety sensitivity (ASI-3), we found low to moderate associations with threat and outbursts, descriptively being slightly higher for threat than for outbursts. Obsessive–compulsive thoughts (DOCS) were moderately associated with threat and outbursts, whereasother OCD symptoms were not significantly correlated.

Low to moderate correlations emerged with anxiety sensitivity (ASI-3), depressive symptoms (PHQ-9), and some obsessive–compulsive traits: unacceptable thoughts and symmetry (DOCS), but not with contamination and responsibility (Table 6).



Misophonic avoidance

All avoidance symptoms were highly correlated with threat and impact (S-Five). For example, reactive avoidance and anticipatory avoidance (BMQ-R) were highly correlated with threat and impact in both samples (Table 4). Furthermore, noise avoidance (NAQ) and behavioral avoidance (BEAQ) were highly correlated with threat and impact. Descriptively, these correlations were higher than any other correlation between avoidance symptoms and other S-Five scales.



Misophonic impairment

Most predicted associations between symptoms from the domain misophonic impairment and other misophonic symptoms have already been described in the preceding sections. Simply summarized, all S-Five scales were expected to be strongly associated with misophonic impairment symptoms. We found high correlations for all S-Five scales with functional impact and distress (BMQ-R; Table 4), except for a moderate correlation between distress and externalising appraisals in the second study. Further, impairments in different life domains (WHODAS 2.0) were moderately to strongly associated with all S-Five scales. However, impairments in household (compared to other life domains) emerged to correlate descriptively lower with all S-Five scales on average (see Table 5).

Impact was further moderately correlated with depressive symptoms (PHQ-9), cognitive symptoms of anxiety sensitivity (ASI-3) and obsessive–compulsive thoughts (DOCS; see Table 6). Low correlations were observed for social and physical symptoms of anxiety sensitivity and obsessive–compulsive symmetry symptoms. Other obsessive–compulsive symptoms were not significantly correlated with impact.



Associations with symptoms of other mental disorders and traits.

The correlations of the five reaction counts (irritation, distress, disgust, anger, panic, physiological response) and the three S-Five-T indices (TC, FIRS, RIRS) with the S-Five factors, the BMQ-R, ASI-3 and DOCS scores are presented in Table 6.

The number of triggers (TC) selected from the 37 sounds list was strongly correlated with all S-Five dimensions (r > 0.50 in all cases). Correlations of similar magnitude emerged with the MisoQuest total score, the BMQ-R scales of misophonic anger, irritation, disgust, physical reactions, behavioral dysregulation, reactive avoidance, and functional impairment. The strongest correlation emerged with misophonic disgust reactions and, unexpectedly, the lowest with distress (both BMQ-R). However, depressive symptoms (PHQ-9) correlated moderately high. Low or non-significant coefficients emerged with anxiety sensitivity (ASI-3) and obsessive–compulsive traits (DOCS).

For the FIRS index very strong correlations with the total S-Five, the total MisoQuest and the BMQ-R disgust reaction scale (r > 0.70) emerged. Further, all S-Five factors were highly correlated with the FIRS index. Moderate to moderate high were also the correlations between FIRS and the rest of the BMQ-R subscales. Further, we observed moderately high correlations with depressive symptoms (PHQ-9). As in the case of the TC, low or non-significant coefficients emerged for most anxiety sensitivity (ASI-3), and most obsessive–compulsive traits (DOCS). However, moderate correlations were observed for cognitive anxiety sensitivity and unacceptable thoughts. Similar patterns emerged for the RIRS index, even though coefficients were descriptively somewhat smaller in all cases.

With respect to the reaction counts (RC), RC-Irritation did not show significant correlations with any of the scales.

RC-Distress was moderately to moderately low associated with most scales. The strongest correlations appeared between distress and the S-Five outburst factor and the total MisoQuest. Distress was not found to be significantly correlated with all BMQ-R scales, with social anxiety sensitivity (ASI-3) and the DOCS scales. Interestingly, externalising appraisals was the only S-Five subscale which was not significantly correlated with RC-distress.

RC-Disgust also did not relate with most of the subscales considered. An exception was the moderate correlation with disgust reaction (BMQ-R).

On the contrary, RC-Anger was strongly related to all S-Five scores, MisoQuest, and all BMQ-R scores, with a lower correlation only with anticipatory avoidance. Non-significant coefficients emerged between RC-Anger and depressive symptoms (PHQ-9), anxiety sensitivity (ASI-3), and obsessive–compulsive symptoms (DOCS).

Interestingly, RC-Panic did not correlate with the S-Five externalising and internalising appraisals and outburst factor but correlated moderately with threat and impact. RC-Panic also correlated moderately with the BMQ-R anxiety reaction scale while moderately low correlations emerged with the BMQ-R scales of physical reactions, recognition of excess, anticipatory avoidance, distress, and functional impairment, however, these associations were not significant when considering Bonferroni-correction. RC-Panic did not correlate with the other BMQ-R scales. Low but non-significant correlations emerged between RC-Panic and PHQ-9, all ASI-3 factors apart from the social factor, and with the DOCS thought factor.

Finally, the RC-Physiological did not correlate with the S-Five factors or the total MisoQuest. Moderate correlations emerged with the BMQ-R scales of physical and anxiety reactions, reactive and anticipatory avoidance, distress, and functional impairment, however, these associations were not significant when considering Bonferroni-correction. Low but non-significant correlations emerged between the RC-Physiological and the total PHQ-9, and the contamination scale of the DOCS. The only significant associations were found between RC-Physiological and the ASI-3 total as well as the ASI-3 cognitive and social subscale.



Associations with overall misophonic symptoms (S-Five).

Overall misophonic symptoms (MisoQuest) strongly correlated with each of the S-Five subscales with externalising appraisals being lowest correlated and threat being highest correlated (see Table 4). The scales were further strongly associated with general sound intolerance symptoms (BMQ-R; r > 0.60).





Discussion

The presented studies aimed at providing a rigorous and valid German translation of the S-Five. We thus presented a thorough examination of the reliability and construct validity by specifying measurement models and introducing a nomological network which delineates associations between misophonic symptoms.

Our results demonstrate a good fit of the five-factor model to our data in both samples when using the translated S-Five items, emerging a similar fit to the English version (cf., Vitoratou et al., 2021b). However, some misspecifications were identified which need further investigation in future studies. We therefore presented a promising, alternative model, which incorporates a bifactor S-1 measurement model for misophonic outbursts. This has three advantages: the model (a) fits better to the data (even when penalizing for more parameters), (b) provides a clearer interpretation of different aspects of outbursts, and (c) preserves a general outburst factor with a clearer interpretation. Besides the goodness of fit of the factorial structure, we investigated measurement invariance regarding gender and age. Based on findings of minor effects, we conclude that the German S-Five items do not function differentially due to gender and age, and therefore structural differences of the scores can be assessed.

We also demonstrated excellent internal consistency in both samples and high test–retest reliability for the five factors. As an interim conclusion, these results reveal two main properties of the German S-Five: a) highly reliable measurement and b) factorial valid conclusions when applying these scales. Another striking result is the mostly replicated correlation pattern between S-Five factors with medium to strong intercorrelations. Unexpectedly, the factors were in general higher correlated than in the original validation study. Interestingly, threat is highly correlated with each of the four remaining factors, especially with impact. Further, threat was comparably higher correlated with internalising appraisals and outbursts than other factors. We argue that these are beneficial properties of the threat scale, however, users of the S-Five should keep the small differences in the correlative pattern in mind when administering the German version. Initial evidence on the construct validity was shown through high correlations with measures of overall misophonic symptoms, however, this does not allow to disentangle which misophonic symptoms are correlated with the S-Five scales. Therefore, we developed the nomological network of misophonic symptoms.


Construct validity and the nomological network

To our knowledge this is the first study that begins to explore a formal and comprehensive nomological network for misophonic symptoms. Recent developments of misophonia instruments, which emphasize a more symptom-oriented measurement (Rosenthal et al., 2021; Remmert et al., 2022) and the German translation of the S-Five provide the basis to scrutinize the proposed nomological network with five broader symptom domains, in which the symptoms are proposed to be clustered. These domains are misophonic appraisals, misophonic emotional experiences, misophonia-specific dysregulation, misophonic avoidance, and misophonic impairment. Our aims were to explicitly provide evidence for the construct validity of the (translated) S-Five as well as giving a deeper insight into the associations of misophonic symptoms.

We found strong evidence for the construct validity of internalising and externalising appraisals in the misophonic appraisals domain. Internalising appraisals were strongly associated with the recognition of the excessive and disproportionate nature of the reactions and furthermore higher correlated with these dimensions of clinical insight than externalising appraisals. This aligns with similar findings from other mental disorders (e.g., Cotton et al., 2012; Didehbani et al., 2012).

Problem coherence, that is, having a good understanding of your problem, was negatively correlated with internalising appraisals, as expected. We had also expected the relative difference between internalising and externalising appraisals in their relationship with coherence (with externalising appraisals not being correlated) but had not anticipated these negative correlations across all factors. These relationships were in the opposite direction to those between the S-Five and variables about awareness of the disproportionate and excessive nature of reactions, indicating that awareness of these aspects is not the same as having a good understanding of the problem. So, what we labelled as “insight” on the nomological network is a reflection of awareness that misophonic symptoms are indeed a problem, but not necessarily insight into the problem. This finding was consistent with research finding that OCD severity is negatively associated with problem coherence (Pedley et al., 2019). Further research is needed to test possible explanations for this. Perhaps the simplest understanding of this relationship is that misophonia is easier to make sense of when it is less severe. It is also important to consider that there could be a causal relationship in the other direction. That is, it is possible that as one’s understanding of the problem of misophonia improves, their symptoms decrease. Lack of an explanation for the problem may be, in fact, part of the problem. Our cross-sectional correlative study does not allow us to draw any conclusions about causality. Future research would therefore benefit from testing problem coherence as a potential mechanism of change for misophonia. This would make sense for internalising in particular, which is characterized by a felt sense that the individual with misophonia is reacting this way to sounds because of some deeper character flaw, being a bad or angry person underneath. It thus makes sense that as one comes to understand a theory that misophonia is a decreased sensory tolerance problem shared by many and shaped by our experiences, that their previous theory of “bad character” loses its credibility.

Besides associations within the domain misophonic appraisal, we also found evidence for construct validity through associations between internalising and externalising appraisals with symptoms from other domains. For example, we found that both appraisal styles were at least moderately associated to anger, aggression, irritability, and behavioral dysregulation and outbursts, which is in line with previous findings on these appraisal styles (Vitoratou et al., 2021b). Considering general psychological theories of appraisals and their associations with anger and related constructs (e.g., Averill, 1983) it is a rather contradicting result, but there seems to be a difference for misophonia, which has been replicated in our studies. Further studies should consider investigating the role of appraisals for experiencing misophonic anger, aggression, and potential outbursts. An unpredicted result was the non-significant correlation between difficulties in impulse control (behavioral dysregulation) and appraisals, which does not support our hypotheses on appraisals. Note that we also found mixed results for comparing associations of externalising and internalising appraisals with outbursts and behavioral dysregulation, which do neither support equally high associations nor higher associations with either appraisal style. Further research should investigate these relationships in depth.

Lastly, we observed medium to strong associations with different symptoms from the domain misophonic impairment, which were almost all higher for internalising appraisals than for externalising appraisals. Only the association between the S-Five scale impact was equally high for internalising and externalising appraisals in our second study, which contradicted our hypotheses on the associations with impact. Furthermore, we found depressive symptoms to be equally moderately correlated with both appraisal styles. Thus, our results show evidence that both appraisal styles might be associated with impact on lives of affected individuals as well as with respective depressive symptoms. We strongly suggest investigating how both appraisal styles are associated with misophonic impairment exploring possible explanatory variables.

Within the domain of misophonic emotional experiences we found strong evidence for our hypothesis that physical symptoms of misophonia are strongly associated with all emotional symptoms, which again replicates the results from past studies (e.g., Rosenthal et al., 2021). While we found strong associations between explicitly convergent measures of the same emotional reaction, we found strong evidence against our hypothesis that anxiety is differently related to other misophonic emotional reactions. Especially in the second study almost all associations between anger, irritation, disgust and anxiety were as high as the associations among anger, irritation and disgust, respectively. Mind that due to the small sample size in study 2, interpretations should be made cautiously. However, the findings of study 1 also support the conclusion that anxiety is not weaker associated with all other emotional reactions. Although Jager et al. (2020) see anxiety reactions as a subordinate misophonic symptom, others have pointed out that anxiety is a crucial symptom (e.g., Swedo et al., 2022). Our findings give further evidence that anxiety is strongly related to other emotional reactions and hence a paramount emotional symptom to be considered when investigating misophonia.

For the validation of the S-Five the domain misophonia-specific dysregulation plays a particularly important role since two scales were assigned to this domain: outbursts and perceived threat. As expected, outbursts and threat were strongly associated not only among each other but with different facets of misophonia-specific dysregulation. Outbursts were predominantly strongly related to convergent measures of behavioral dysregulation and threat was strongly related to emotional dysregulation. We further found strong associations with threat and anxiety and physical symptoms, which replicate findings from the original validation study (Vitoratou et al., 2021b). Both threat and outbursts were expectedly strongly associated with symptoms from misophonic impairment, especially with functional impact, distress, and impairment in social interaction.

Interestingly, we found an exploratory association of threat with symptom coherence. Regarding the possible impact of lack of coherence on an increased sense of emotional threat, which includes feelings of being trapped, helpless and distress, it also makes sense that one might experience a greater sense of these in a moment where their initial reactions do not make sense to them, thus compounding the overall reaction. This theory would provide support for the S-Five concept of threat to fall within the domain of dysregulation rather than affectivity. Our assumption was that threat would show stronger associations with anxiety. However, not only anxiety but other emotional reaction correlated strongly with threat, too. Additionally, threat was strongly correlated with emotional and cognitive dysregulation, and moderately associated with general and behavioral dysregulation and both types of avoidance. While the term “threat” may denote a sense of fear, these results indicate that it is not an anxiety response, but rather a more complex emotional and cognitive experience. We propose that the sense of emotional threat comes from a combination of the initial emotional reaction, compounded by a lack of understanding of the problem, and a sense of not being able to cope (dysregulation) in that moment, resulting in a feeling of being trapped, panicked and helpless if unable to get away from the situation. This could be explored further in qualitative studies seeking to understand the complexity of what is happening in these moments.

As expected, there were also strong associations for threat with avoidance. Future experimental research would be helpful to determine whether avoidance plays a maintaining role in the sense of threat experienced by those with misophonia. Further, symptoms of avoidance were strongly associated with the S-Five scale impact. Future studies could investigate how avoidance and coping strategies are related to impairment.

The domain misophonic impairment has been shown to be a crucial domain insofar that symptoms from this domain, and especially impact as measured by the S-Five, were highly correlated with symptoms from all other domains. Further, all scales from the S-Five were highly associated with impact. Although impact plays an important role in the nomological network because it is related to a wide range of misophonic symptoms, future studies should investigate the causes of impact. This study provides a basis to select variables that have been shown to be strongly associated. With regard to the S-Five-T reactions, we found that misophonia severity was strongly associated with the number of times anger was reported as a primary reaction to triggers, supporting the frequent reporting of anger as the predominant response in misophonia (Brout et al., 2018; Jager et al., 2020), at least with regard to the primary reaction to trigger sounds. Reports of panic as a primary reaction were also associated with misophonia severity, which is supported by the findings of Vitoratou et al. (2021b), but is contrary to the suggestion by Jager et al. (2020) that anxiety and panic should not be considered a primary reaction in misophonia.

It was interesting to note that the count of physiological reaction was not associated with overall misophonia severity but was associated with anxiety sensitivity. One possible explanation for this is that the physiological reaction reported in misophonia (Edelstein et al., 2013; Kumar et al., 2017) may be mostly a physical manifestation of emotions. While there may be some individuals who experience only a physiological reaction, it’s also possible that some report it as physiological if they are not able to identify or label specific emotions, especially if they show high traits of anxiety sensitivity, which measure fear of anxiety symptoms. Further in-depth investigation is needed to understand this better.

We found that the reaction count of irritation as a primary reaction to sounds was not associated with misophonia severity, nor any of the related scales. However, the S-Five factors were all positively associated with the BMQ-R measure of irritation and irritability more generally. This supports the notion proposed by Vitoratou et al. (2021b), that while irritation may be part of the experience of misophonia, if someone reports that irritation is their most frequent response to trigger sounds, that is likely not indicative of the disorder of misophonia, and in fact represents a typical response to unpleasant sounds reported in the general population (Vitoratou et al., 2022a). Finally, we looked at the S-Five in relation to symptoms of depression and obsessive–compulsive disorder. In line with previous studies, misophonia severity was associated with symptoms of depression (Wu et al., 2014; Erfanian et al., 2019; Jager et al., 2020), particularly with regards to threat and impact (Vitoratou et al., 2021b). Threat was moderately associated with anxiety sensitivity, which warrants further investigation to expand on previous work examining misophonia and anxiety sensitivity (Cusack et al., 2018; McKay et al., 2018; Schadegg et al., 2021). In line with previous research (Cusack et al., 2018; McKay et al., 2018), symptoms of misophonia were associated with some aspects of OCD symptoms but not others, with moderate correlations with unacceptable thoughts and low correlations with symmetry. This adds to growing evidence that misophonia is not specifically part of obsessive–compulsive and related disorders (McKay et al., 2018). Further research could investigate overlapping transdiagnostic mechanisms, for example intrusive thoughts and urges in misophonia and potential related beliefs around the likelihood of acting on those intrusions.

Overall, the results have shown that symptoms measured by the S-Five fit well in the proposed nomological network of misophonic symptoms, which provides strong evidence for the construct validity of the (German) S-Five. The studies have also replicated past results from studies with the S-Five and revealed unknown exploratory associations of the S-Five scales with misophonic symptoms and symptoms of other mental disorders.

We hope that the proposed nomological network is understood as a first attempt to formalize further investigations of misophonic symptoms and thus provide a structural and theoretical basis. Furthermore, this article aims to raise awareness of a symptom-oriented approach to investigate misophonia and thus help readers and future research to understand associations between misophonic symptoms and how to disentangle and explain them.




Limitations

Although two large and independent samples were drawn, we did not implement a random sampling scheme. Our samples were drawn from social media which is why our results are not representative for the German population (e.g., more women, more highly educated, younger individuals were sampled) and are therefore biased and difficult to generalize. However, as we aimed at gathering data mainly from affected individuals, there is no alternative random sampling strategy applicable. We suggest administering the German S-Five in a large representative sample to assess the psychometric properties for the German population without sampling bias. Also note that for some of the analyses in study 2, the sample sizes were rather small (N = 76–155), which should be considered in the interpretation of results. We hence strongly recommend interpreting results, which stem from these smaller samples, with caution and replicating them.

The surveys lasted more than 40 min on average which might have caused exhaustion and higher dropout rates, but we implemented a rigorous data quality assessment which certainly minimized this issue. Nevertheless, we cannot guarantee unbiased estimates due to systematic missing responses or exhaustion.

A methodological issue limiting the scope of our results is the exclusive administration of questionnaires. Podsakoff et al. (2003) demonstrated artificially increasing correlations due to shared method-specific variance. We therefore suggest an extension of the study using different measurement methods (e.g., interviews and behavioral data). Another limitation of our study is that we did not assess hyperacusis (i.e., a decreased sound tolerance condition related to misophonia, which is mainly characterized by aversive reactions to physical characteristics of sounds such as loudness; e.g., Jastreboff and Jastreboff, 2014) as a measure of discriminant validity which should be addressed in follow-up studies.

Since misophonia is still a relatively little investigated condition, we did not fulfill strong properties of a nomological network. Thus, a major weakness of our study is the network was based on observations from the misophonia and broader literature, rather than being derived from a comprehensive theoretical framework, which does not yet exist for the etiology and maintenance of misophonia. Our observed associations therefore need to be further corroborated. The proposed nomological network should be interpreted as a first attempt to formalize and disentangle associations between misophonic symptoms. This attempt is thus deemed to stimulate further development of a more rigorous and extended nomological network in future research. A more profound nomological network for misophonia is dependent on substantiated theories on misophonic processes, requiring theoretical models with testable hypotheses. Our study provided a formalized and reasonable first approach to a nomological network for misophonia, one which will need to be further tested and refined.



Conclusion

In summary, the presented nomological network overall clearly supports the validity of the German S-Five and gives comprehensive insight into the relationship of misophonic symptoms in general. The demonstrated measures to capture symptoms of misophonia have been shown to be psychometrically robust and allow for reliable and valid conclusions.
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Footnotes

1Translated and reproduced with permission from the test authors.

2Reproduced under the terms of the Creative Commons Attribution License (CC BY-NC 4.0).

3Translated and reproduced with permission from the test authors.

4Reproduced with permission from the test authors.

5Reproduced with permission from the test authors.

6Reproduced under the terms of the Creative Commons Attribution License (CC BY-NC-SA 3.0 IGO).

7Reproduced with permission from the test authors.

8Reproduced under the terms of the Creative Commons Attribution License (CC BY-NC-SA 3.0 IGO).

9Reproduced with permission from the test authors.

10Fulfillment of the diagnostic criteria was determined by proving if each criterion is fulfilled. A criterion was considered as fulfilled if the mean of the respective symptom scale was greater than 3 (i.e., greater than the mean of the response scale, meaning self-reported approval of the items). For severe symptoms, the fulfillment cutoff was set to 4. Note that this scheme was not empirically derived, but chosen pragmatically because there is no empirical criterion to determine the fulfillment of the criteria.
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Introduction: Misophonia is a recently defined disorder in which certain aversive repetitive sounds and associated stimuli elicit distressing and impairing affective, behavioral, and physiological responses. The responses in misophonia may be stronger when the sound is produced by close friends and family, suggesting that the context in which a triggering cue occurs may have an important role in misophonia. As such, the goal of this study was to test experimentally whether the context of the sound source influences affective and psychophysiological responses to triggering stimuli in misophonia.

Methods: Sixty one adults with misophonia and 45 controls listened to audio recordings (8 s) of human eating, animals eating, and human mouth smacking sounds (without eating). After a break, the same audio recordings were presented embedded within videos of human eating (congruent stimuli), animals eating (congruent stimuli), and, in the mouth smacking condition, with visually incongruent stimuli (hands playing in mud or in a bowl with a watery dough). Psychophysiological responses—skin conductance response (SCR) and heart rate (HR), and self-reported affective responses (valence, arousal, dominance) were gathered during the experiment in a laboratory.

Results: Participants with misophonia assessed all the stimuli as more negative and arousing than the controls, and reported feeling less dominant with respect to the sounds. Animal and mouth smacking sounds were assessed by all the participants as less negative and arousing than human eating sounds, but only in the audio-video conditions. SCR data partially confirmed increased psychophysiological arousal in misophonia participants during an exposure to mouth sounds, but did not reflect the self-report changes in response to different contexts. Misophonia participants had deeper deceleration of HR than controls during human eating sound with congruent video stimuli, while there was no group difference during human mouth smacking with incongruent video stimuli.

Conclusion: Results suggest that the context of mouth sounds influences affective experiences in adults with misophonia, but also in participants without misophonia. Presentation of animal eating sounds with congruent visual stimuli, or human mouth smacking sounds with incongruent stimuli, decreased self-report reaction to common misophonic triggers.

KEYWORDS
misophonia, decreased sound tolerance, psychophysiology, experiment, SCR, HR, context


Introduction

Misophonia is a newly defined disorder in which selective repetitive sounds or other associated stimuli elicit unpleasant affective, physiological, and behavioral responses that are accompanied by psychological distress and, over time, adversely impact one’s quality of life (Brout et al., 2018; Jager et al., 2020; Swedo et al., 2022). Misophonic responses are triggered usually, but not exclusively, by oral or nasal human-made sounds (Schröder et al., 2013; Enzler et al., 2021; Vitoratou et al., 2021; Swedo et al., 2022). Findings across studies indicate that the affective responses most commonly are irritation, anger, disgust, feeling trapped, anxiety, or rage (Schröder et al., 2013; Rouw and Erfanian, 2018; Jager et al., 2020).

Since misophonia was named and first described by Jastreboff and Jastreboff (2001), an unanswered empirical question is whether or to what extent misophonic responses are moderated by the context in which the sound is experienced, something that has been observed in clinical settings (Jastreboff and Jastreboff, 2014). Researchers have called for studies to be conducted that help elucidate a comprehensive understanding of the mechanisms underlying responses to misophonic stimuli, such as the context of triggering sounds (Brout et al., 2018). Additionally, the importance of context was identified in the recent and first consensus definition of misophonia (Swedo et al., 2022).

The context of the sound can be defined by actual environmental factors, such as sounds made by animals compared to humans, or sounds made by a close relative vs. a stranger.

For example, in Edelstein et al. (2013), participants with misophonia reported that their reaction to a trigger sound was stronger or limited to particular close friends or family members. Moreover, the majority of the participants in this study were not bothered by eating sounds produced by animals or babies. Jager et al. (2020) also reported that affective responses may not occur when a triggering sound is made by toddlers, adults with intellectual disabilities, or dementia sufferers.

However, the context of the sound can also be modified by the way one interprets or identifies the source of the sound, and this phenomenon has also been investigated in recent research studies. Edelstein et al. (2020) employed experimental manipulation of the sound source awareness. The authors reported that not only the actual context (i.e., assessment of human-made sounds as being more aversive than animal-made sounds), but also the perception of the source of the sound (human-made sounds assessed as being less aversive when identified as non-human made sound) can influence the misophonic reaction. These data seem to indicate preliminarily that both the actual eating sounds, as well as the belief about the source of the sound may influence the misophonic reaction. Several case studies also have highlighted the possible role of context in responses reported by patients with misophonia (Johnson et al., 2013; Alekri and Al Saif, 2019; Natalini et al., 2020; Cecilione et al., 2021).

One way the role of context has been clinically explored involves modification of a misophonic trigger for therapeutic purposes, wherein a study participant associated an eating sound with the sound of running in the snow to mitigate a misophonic reaction to this sound (Schröder et al., 2017). A similar manipulation was reported by Frank and McKay (2019), in which one of the participants was instructed to listen to the trigger sounds while imagining that similar sounds could be made by something different (e.g., a gorilla or a motor). The efficacy of these particular manipulations remains unknown (for example, modification of the sound’s context was one of many interventions that were used and it is not known which one was the most effective, and to what extent), however, they raise interesting hypotheses about the possible ways in which the role of context modified on a cognitive level may influence reactivity to misophonic sounds.

Most recently, several studies investigated the role of context and influence of cognitive processing of typical misophonic sounds on emotional reactions. Heller and Smith (2022) showed that misidentification of the sounds’ context (e.g., chewing food misidentified as stirring cereal) decreased their “aversiveness” rating among people with and without misophonia. Results pointing to the significance of the cognitive assessment of common trigger sounds were also found by Savard et al. (2022). In this study, the 20% with the most severe misophonia symptoms and the 20% with the least severe misophonia symptoms from a group of 300 individuals sampled from the general population were asked to assess and recognize sounds presented against multi-talker babble at various levels of signal-to-noise ratio. Both groups evaluated potential trigger sounds (orofacial) and unpleasant sounds (e.g., a child crying, dentist drill) as significantly more unpleasant than neutral sounds. Moreover, in the case of more favorable signal-to-noise ratios condition, when the sounds were more identifiable, they evoked more anger, disgust, and anxiety in all the participants. The difference in sounds’ rating was more pronounced in the highest misophonia symptoms group than in the lowest misophonia symptoms group, and in the case of the highest misophonia symptoms group the effect size was yet larger for trigger sounds than for unpleasant sounds.

Furthermore, Samermit et al. (2022) showed that the same potential trigger sounds are less unpleasant when paired with a video that is incongruent with the actual sound source, such as chewing sounds paired with a video of stepping on snow. Thus, the perception of the sound’s context was modified by experimentally manipulating the congruency between visual contextual cues and sounds triggers, impacting affective responses. In addition, a positive moderate correlation was found between the difference in the pleasure rating in these two conditions and misophonia symptoms.

Notably, the three latter studies examined adults from the general population, with low and high misophonia symptoms assessed using online questionnaires. As a result, it is possible that participants in these studies were not significantly impaired by misophonia symptoms in everyday life, or could have other sound intolerance conditions, such as hyperacusis or phonophobia. For example, in Savard et al. (2022) only 6 out of 66 participants from the group with high misophonia symptoms met the cut-off for misophonia on the MisoQuest (Siepsiak et al., 2020). Similarly, in Samermit et al. (2022), 14 out of 101 participants met the cut-off for moderate or higher impairment misophonia on the Misophonia Questionnaire (Wu et al., 2014). Therefore, the results should be replicated in people with misophonia symptoms significantly affecting their lives, ideally using clinical interviews as an assessment method in lieu of questionnaires.

Responses to trigger sounds in misophonia sufferers have also been studied using psychophysiological measures. Changes in heart rate (HR) and skin conductance response (SCR) are associated with autonomic nervous system response to affective stimuli (Levenson, 1992, 2014; Cacioppo et al., 2000). In the study by Edelstein et al. (2013), students with misophonia had greater mean SCR while listening to misophonic trigger sounds (chosen individually for each of the participants) than students without misophonia. In addition, Kumar et al. (2017) found that only human-made sounds, but not other aversive and neutral sounds, evoked SCR and HR increases and in misophonia sufferers more than in controls. Similarly, in a study by Schröder et al. (2019), misophonic sounds elicited higher HR than aversive and neutral sounds in the misophonia group. These results demonstrate that specific, repetitive sounds evoke autonomic responses in people with misophonia, consistent with their self-reports. They are also in line with findings of increased HR responses to extremely aversive stimuli.

Phasic HR to a discrete stimulus is usually characterized by an initial deceleration that indicates orienting and information intake, followed by HR acceleration responsive to arousal and action readiness (Bradley et al., 2001; Witvliet and Vrana, 2007). Negatively valent stimuli are particularly significant and often produce a larger orienting response than neutral stimuli (Bradley et al., 2001). Cardiac deceleration to negative visual stimuli is especially large and sustained without subsequent acceleration unless the stimulus is extremely aversive, such as a person with a severe phobia viewing a picture of a phobic object, or prolonged in duration. For example, Acute Stress Disorder and PTSD patients showed (Elsesser et al., 2004) acceleration of HR while viewing trauma-related pictures (notably, those with PTSD had slight initial HR deceleration), while deceleration of HR was observed in controls, whereas during exposure to aversive, but not trauma-related, pictures, HR in both groups decelerated. A slight deceleration followed by acceleration of HR in response to pictures related to injuries was also observed in war or torture survivors diagnosed with PTSD, whereas the healthy controls and trauma resilient survivors showed steep and deep HR deceleration, followed by slow return toward the baseline level (Adenauer et al., 2010). In a study by Rosenbaum et al. (2020), where the stimuli lasted longer, spider phobia patients had higher mean HR during a presentation of spider pictures than during pictures of domestic animals, while this change was not observed in controls. In a similar study (Wannemüller et al., 2015), participants with dental phobia had acceleration of HR while being exposed to pictures and noises related to their phobia, and deceleration of HR during exposure to neutral stimuli, whereas deceleration of HR during exposure to all the stimuli was observed in controls. SCR, like initial HR deceleration, is responsive to orienting and information intake, and is often observed in response to arousing stimuli, whether negative or positive (e.g., dangerous or threatening stimuli, but also erotic, sport-related, or funny stimuli; Bradley et al., 2001; Bos et al., 2013; Nigbur and Ullsperger, 2020).

The primary goal of the present study was to investigate whether the context, either set by environmental factors (human vs. animal-made sounds) or by manipulation of the sound’s source (congruent vs. incongruent visual stimuli) influences self-report and psychophysiological responses to common misophonic stimuli in a misophonia and a control group. Mouth sounds were presented either as an auditory cue alone or, in audio-video condition, with a congruent video (human or animal eating sounds) or with an incongruent video (human mouth smacking sounds presented against videos of human hands).

The misophonic response was assessed via self-report on the three primary dimensions of emotional evaluation (Mehrabian and Russell, 1974): valence (pleasure-displeasure), arousal (arousal-relaxation), and control (dominance-submission). Physiological reaction was assessed with phasic HR and SCR.

It was hypothesized that:

(1) Compared to a healthy control group of adults, the misophonia group would assess all stimuli as more negative, more arousing, and as feeling less dominant toward them than the controls, regardless of context;

(2) Higher SCR and less pronounced deceleration of HR would be observed in people with misophonia in response to all stimuli, in comparison to the control group;

(3) In the audio-video condition (but not in the audio condition) the misophonia group would assess animal sounds (congruent) and human mouth smacking sounds (incongruent) as less negative, less arousing, and as feeling more dominant toward them than toward humans eating sounds (congruent), whereas this effect would not be observed in the control group;

(4) In the audio-video condition (but not in the audio condition), the misophonia group would have reduced HR response (deeper or more sustained deceleration) and SCR (i.e., SCR will be lower) in response to animal (congruent), and human mouth smacking sounds (incongruent) than in response to the human eating sounds (congruent), whereas this effect would not be observed in controls;

(5) Presenting the sounds with videos will decrease the rating of negative valence, decrease arousal, and increase the dominance in the misophonia group in response to animal-made sounds (congruent) and human mouth smacking sounds (incongruent), but not to human eating sounds (congruent). This effect will not be observed in the control group;

(6) Presenting the sounds with videos will reduce HR reaction (deeper or more sustained deceleration) and SCR responses (SCR will be lower) in comparison to the audio condition in the misophonia group in response to animal-made sounds (congruent) and human mouth smacking sounds (incongruent), but not to human eating sounds, whereas this effect will not be observed in controls.



Materials and methods

The Ethics Committee at the Faculty of Psychology, University of Warsaw (no. 29/05/2018) approved this study. This study was a part of a larger parent misophonia project conducted at this university.


Participants

The study was advertised in social media, radio, local and online news (the language included: Do certain sounds drive you mad? Can you not stand some particular sounds? Or maybe you do not have any sound over-responsivities?). Individuals willing to take part in the study completed the online recruitment questionnaire, indicated whether they had any sound sensitivities, completed a questionnaire to assess misophonia (MisoQuest; Siepsiak et al., 2020), and provided demographic and contact information for study scheduling. A total of 131 people participated in the experiment, and the data of 106 participants who met the criteria for the group inclusion were analyzed: 61 participants with misophonia and 45 healthy controls without any sound over-responsivity took part in the study. Individuals with heart disease, substance addiction, or facial hair (as we collected facial EMG data for another study, not described here) were excluded from the study. Participants were asked to avoid caffeine or energy drinks 3 h before the experiment. They signed an electronic version of consent and were remunerated with 50 PLN (12.5 USD).

Because the age distribution in both groups was right-skewed, in order to compare whether there were age differences between the groups, a U Mann-Whitney test was conducted. There was a significant age difference between misophonia (Mdn1 = 30; range: 19–55) and controls (Mdn = 23; range: 19–45), U = 757.50, z = −3.468, p < 0.001. In order to compare the gender ratio between the groups, a Chi-Square test was conducted. There were significantly [(x2 = 1; N = 105) = 3.95; p = 0.047] more females in the misophonia group (90%) than in the control group (76%).



Misophonia assessment and the control group assignment

Each of the invited participants was assessed by psychologists trained in assessment of misophonia to conduct face-to-face interviews. Misophonia assessment for group inclusion was based on criteria proposed by Schröder et al. (2013). Specific eligibility criteria included: (a) experiencing immediate psychophysiological reaction in response to human produced oral or nasal sounds, (b) recognizing anger as a dominant (but not necessarily sole) emotion evoked by these sounds, and not fear or anxiety, (c) perceiving these emotions as excessive and overwhelming (d) avoiding exposure to these sounds, and in case of being exposed—reporting a significant distress caused by these sounds, (e) reporting a significant decrease in quality of life due to this sound over-responsivity. Eligibility for the control group was to report not having any sound over-responsivity. Participants who during the interview reported being occasionally bothered by sounds that are commonly perceived as unpleasant, (e.g., styrofoam sounds or sounds of sliding a fork over a plate) were included in the control group. Furthermore, participants who reported that they disliked eating sounds but never believed it was a problem for them were included in the control group. Participants with a variety of auditory over-responsivities (25 individuals) significantly affecting their lives who did not meet the misophonia criteria were not considered misophonia participants, so their data were not analyzed (e.g., participants with presumed hyperacusis or those whose main triggers were neighbor sounds, snoring, siren or barking sounds, or those whose main emotion when exposed to their trigger was fear or anxiety, not anger or extreme irritation).

Additionally, the validity of group inclusion was confirmed with a questionnaire for assessing misophonia—MisoQuest, administered online at the time of participants’ recruitment, a 14-item questionnaire with good reliability (Cronbach’s alpha = 0.95) and stability (intraclass correlation coefficient = 0.84; Siepsiak et al., 2020). The results of Welch’s t-test indicated a significant difference [t(53.122) = 13.554; p < 0.001; Cohen’s d = 2.81] in the severity of misophonia symptoms between misophonia (n = 61; M = 64.57; SD = 4.9; range: 44—70) and controls (n = 45; M = 36.71; SD = 13.13; range: 14—59). Because the data from MisoQuest were not normally distributed according to Shapiro-Wilk Test [W(59) = 0.832, p < 0.001] but there was a normal distribution in the control group [W(43) = 0.960, p = 0.136], and the number of observations in each group was > 20, it was decided to use a parametric test, with a correction for unequal variances (Schmider et al., 2010; Blanca et al., 2017; George and Mallery, 2019).



Behavioral measurement

Self-reported affective responses were assessed with the Self-Assessment Manikin scales (Bradley and Lang, 1994). These are pictorial scales for assessing affective response to stimuli. It allows for measurement of three dimensions of emotions– valence, arousal, and dominance–each on a 1–5 scale. Each scale is depicted in Figures 1–3. The instruction (Imbir, 2016, p. 3) that was used in our study for the valence rating, was as follows: “The first picture shows a person who is obviously elated—relevant experiences could include fun, delight, happiness, relaxation, satisfaction, or repose. The last picture shows a person who is clearly distressed—relevant experiences could include panic, irritation, disgust, despair, defeat, or crisis. The remaining pictures depict intermediate states.”
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FIGURE 1
Valence rating (mean values) of the stimuli in audio and audio-video conditions in misophonia and the control group, separately for the analysis (A) and the analysis (B). Higher valence ratings indicate greater negative emotions. The distances between the scale values were identical (it is a linear scale).
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FIGURE 2
Arousal rating (mean values) of the stimuli in audio and audio-video conditions in misophonia and the control group, separately for the analysis (A) and the analysis (B). Lower arousal ratings indicate greater arousal. The distances between the scale values were identical (it is a linear scale).
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FIGURE 3
Dominance rating (mean values) of the stimuli in audio and audio-video conditions in misophonia and the control group, separately for the analysis (A) and the analysis (B). Higher dominance ratings indicate greater dominance. The distances between the scale values were identical (it is a linear scale).


For the dominance (Imbir, 2016, p. 3): “The first picture shows an individual who feels a lack of control and agency—relevant states could include subordination, intimidation, subjugation, withdrawal, submission, or resignation. The last picture shows a person who is dominant and in control of the situation—relevant states include control, influence, being important, dominant, recognized, or decisive.” For arousal (Imbir, 2016, p. 3): “The fir picture shows an individual who is very calm, almost sleeping—relevant states could include relaxation, tranquility, idleness, meditation, boredom, or laziness. The last picture shows an individual who is bursting in arousal—relevant states could include excitation, euphoria, excitement, rage, agitation, or anger.”



Psychophysiological measurements

Galvanic skin response (GSR) and electrocardiography (ECG) were recorded with the BIOPAC MP-150 system through AcqKnowledge software. For GSR measurement, the EDA100C amplifier was used. The Ag-AgCl electrodes filled with dedicated gel were placed on the distal phalanges of the index and middle finger of the non-dominant hand. SCR level was measured with 5 mikroS/V gain and recorded at the rate of 2,000 samples per second. We decided to use as weak hardware filters as possible (no high-pass and 10 Hz low-pass) and then after visual inspection we noticed that offline software filters were not necessary. The SCL data were visually inspected for artifacts in AcqKnowledge, and then preprocessed in Matlab. Further statistical analyses were made in IBM SPSS Statistics 28. The period of 1-s before the onset of the main stimuli served as a baseline and was subtracted from eight 1-s periods after the onset of the stimuli—thus the SCR was obtained. Therefore, the negative values in SCR indicate the decrease in skin conductance level (SCL) in relation to the baseline.

For ECG, we used the ECG100C and a 3-lead arrangement of electrodes, which provides a clear shape of the ECG waveform and does not require removing the upper part of clothing. Two active electrodes were attached on the sides of the chest, and an inactive electrode was attached at the lower part of the sternum. Self-adhesive Ag/AgCl electrodes and standard ECG gel were used. Similar to SCL measurement, we limited hardware filters to minimum (150 Hz low-pass and 0.05 Hz high-pass). Each of the HR data recordings was visually inspected for artifacts in Acqknowledge, followed by preprocessing in the Matlab environment—no additional software filters were necessary to identify R-waves correctly. All statistical analyses were made in IBM SPSS Statistics 28. In order to check whether heart rate phasic response to stimuli differs between the groups, the average HR was calculated separately for 8 post-trigger 1-s periods using the standard method to derive HR from a measurement lasting less than a minute (Berntson et al., 2016). HR during the 1-s before the trigger was then subtracted from HR of each second after the trigger onset in order to create change scores.



Stimuli and apparatus

Five audio recordings and five audio-video recordings with the same sounds—three movies from YouTube (ASMR Suna, 2018; Mayapolarbear, 2019; SAS-ASMR, 2019) and two recorded by the first author of the study served as stimuli: human eating, animal eating, and human mouth smacking sounds, without involving food inside (these stimuli aimed to be equivalent to human eating sounds- not having food inside the mouth while recording the audio sounds was unintentional). In the first condition only the audio cues were used. In the second condition, the sounds were presented either with a congruent video (animal eating videos and human eating video) or with incongruent videos of hands playing in mud or in watery dough, synchronized with the sounds. The incongruent video aimed to modify the context of the sound. Initially, 6 stimuli were planned, but due to technical issues, one of the two human eating stimuli was presented to fewer than half of the participants and was not analyzed. Therefore, in further analysis, average values from 2 animal-eating stimuli and 2 human mouth smacking stimuli rating and responses were analyzed. The procedure was displayed in PsychoPy (Peirce et al., 2019) and programmed in Python language (Van Rossum and Drake, 1995). The markers were sent to Acqknowledge software through a parallel port.



Procedure

The participants sat on a chair in front of a computer with speakers and a keyboard in an air-conditioned room. During the experiment, they were alone. Before the experiment started, the research assistants placed the electrodes and explained the procedure. The participants were told that sounds or videos with sounds would be presented to them. Participants were informed that the sounds and videos could be neutral, aversive, or pleasant, depending on the individual’s preferences, and that they could press a security button or switch off the sound to stop the experiment immediately. They were asked to assess their feelings in response to the sounds and videos on the pictorial scales (see “Behavioral measurement” section). The answers were given after each single stimulus, by typing numbers, from 1 to 5, on the computer keyboard. The description of the pictorial scales was also displayed on the computer screen at the beginning of the experiment. The stimuli were displayed after the answers were given, so there was no time limit to give an answer.

Before the experiment began, there was a 5-min resting baseline period. The participants were asked to relax in the chair in front of a blank screen, and the level of psychophysiological signals was recorded and sent to Acqknowledge software through Biopac System. The sounds were presented under speakers, at the volum similar to eating sounds in real life, the same for each participant. During the first part of the experiment (A), participants listened to the audio recordings (animal eating sounds, human eating sound, and human mouth smacking sounds). They did not receive any information from the experimenter regarding the source of the sounds. In the second part (B), after a break for other tasks (a questionnaire for assessing temperamental traits and another experiment with audio-video that are not described in this paper), the participants were presented with the same stimuli, but this time the audio recordings were accompanied by videos (congruent animals eating videos, congruent human eating video, and incongruent to human mouth smacking sounds—video of hands). Each of the stimuli (of 8-s duration) was presented once, in a randomized order. Between each stimulus, there was an interstimulus interval—a black fixation cross displayed in the center of the white screen, with a duration of 8, 10, and 12 s, selected randomly.




Results


Behavioral data

The data were analyzed in IBM SPSS Statistics 28. Visual inspection of box plots revealed one outlier (in the control group valence assessments of the animal-eating sound in the audio-visual condition), which did not impact the results, so was not removed. Levene’s test was non-significant in all cases, except for the Arousal assessment in human eating sounds in the audio-video condition (p = 0.007; Equality of Covariance Matrices p = 0.002). In order to explore whether the type of visual information about source of the sounds has an influence on the emotional reaction, separate mixed ANOVAs2 were conducted on the participants’ ratings of valence, arousal, and dominance, with (a) Group (misophonia, control), Stimuli (human, animal), and Presentation (audio, audio-video) as variables, with the latter two being repeated measures to test the hypothesis of the effect of adding congruent visual information on the actual sound’s sources and (b) Group (misophonia, control), Stimuli (human eating, human mouth smacking sounds), and Presentation (audio, audio-video) to test the hypothesis of the effect of presenting an actual human mouth smacking sounds with incongruent video.

When the sphericity assumption was not met, Greenhouse-Geisser corrected degrees of freedom and epsilon values were reported. Bonferroni post-hoc tests with correction for multiple comparisons were conducted.


Valence

In the analysis involved human eating congruent stimuli and animal eating congruent stimuli, participants with misophonia reported the sounds (an average across conditions) overall as more negative (M = 3.85, SE = 0.09) than did controls (M = 3.00, SE = 0.11), Group F(1, 104) = 38.41, p < 0.001; η2p = 0.27. There was no interaction between the Group and other variables.3 There was an interaction of Stimuli × Presentation F(1, 104) = 17,95, p < 0.001; η2p = 0.15. Pairwise comparison showed that while there was no difference between the stimuli in the audio condition (p = 0.777), in audio-video condition, and human eating (M = 3.64, SE = 0.074) was assessed as significantly more negative than animal eating (M = 2.86, SE = 0.11), p < 0.001. Moreover, while there was no difference in the human eating rating between audio and audio-video conditions (M = 3.65, SE = 0.09 vs. M = 3.48, SE = 0.1, p = 0.088), animal-made sounds were assessed as more positive in the audio-video condition (M = 2.86, SE = 0.11, p < 0.001) than in the audio condition (M = 3.64, SE = 0.07), p < 0.001. The data are illustrated in Figure 1A.

In the analysis of human eating congruent stimuli and human mouth smacking incongruent stimuli, participants with misophonia also reported the sounds overall as more negative (M = 3.9, SE = 0.09) than did controls (M = 3.1, SE = 0.10), Group F(1, 104) = 35.18, p < 0.001; η2p = 0.25. There was no interaction between the Group status and other variables. There was an interaction of Stimuli × Presentation F(1, 104) = 5,831, p = 0.017; η2p = 0.053. Pairwise comparison showed that while there was no difference between the stimuli in the audio condition (p = 0.87), in the audio-video condition human eating congruent stimuli (M = 3.67, SE = 0.08) were assessed as significantly more aversive than human mouth smacking incongruent stimuli (M = 3.2, SE = 0.09), p = 0.005. Moreover, while there was no difference in the human eating rating between audio and audio-video conditions (p = 0.09), human mouth smacking sounds were assessed as less negative in the incongruent audio-video condition (M = 3.2, SE = 0.09), compared to the audio condition (M = 3.67, SE = 0.08), p < 0.001. The data are illustrated in Figure 1B.



Arousal

In the analysis examining human eating congruent stimuli and animal eating congruent stimuli, participants with misophonia found the sounds overall as more arousing (M = 2.42, SE = 0.11) than did controls (M = 3.18, SE = 0.13), Group F(1, 104) = 20.918, p < 0.001; η2p = 0.1 (lower value means higher arousal). There was no interaction between the Group and other variables.

There was an interaction of Stimuli × Presentation F(1, 104) = 4.342, p = 0.04; η2p = 0.04. While there was no difference in arousal during the human eating rating between audio and audio-video conditions (M = 2.7, SE = 0.12 vs. M = 2.81, SE = 0.12, p = 0.318), animal-eating sounds were assessed as less arousing in the audio-video condition (M = 3.05, SE = 0.1, p < 0.001) than in the audio condition (M = 2.64, SE = 0.1), p < 0.001. Nonetheless, there was neither a difference in arousal self-report between the stimuli in the audio condition (p = 0.539), nor in audio-video condition (p = 0.059). The data are illustrated in Figure 2A.

In the analysis examining human eating congruent stimuli and human mouth smacking incongruent stimuli, participants with misophonia also reported the sounds overall as more arousing (M = 2.41, SE = 0.11) than did controls (M = 3.2, SE = 0.13), Group F(1, 104) = 21.37, p < 0.001; η2p = 0.17. There was an interaction of Stimuli × Presentation F(1, 104) = 7.08, p < 0.009; η2p = 0.06. Pairwise comparison showed that while there was no difference between the stimuli in the audio condition (p = 0.35), in the audio-video condition, congruent human eating (M = 2.81, SE = 0.12) was assessed as significantly more arousing than incongruent human mouth smacking sounds (M = 3.09, SE = 0.11), p = 0.016.

Moreover, while there was no difference in arousal during the human eating rating between audio and audio-video conditions (p = 0.318), human mouth smacking sounds were assessed as less arousing in the incongruent audio-video condition (M = 3.09, SE = 0.11), than in audio condition alone (M = 2.61, SE = 0.09), p < 0.001. The data are illustrated in Figure 2B.



Dominance

In the analysis involved human eating congruent and animal eating congruent stimuli, participants in the control group reported feeling more dominant with respect to the sounds (M = 3.26, SE = 0.12) than participants in the misophonia group (M = 2.5, SE = 0.1), F(1, 104) = 24.119, p < 0.001, η2p = 0.19. There was neither an interaction between Stimuli × Presentation nor an interaction between Group status and other variables. The data are illustrated in Figure 3A.

In the analysis of human eating congruent and human mouth smacking incongruent stimuli, participants in the control group reported feeling more dominant with respect to the stimuli (M = 3.26, SE = 0.12) than participants in the misophonia group (M = 2.45, SE = 0.1), F(1, 104) = 25.861, p < 0.001, η2p = 0.2. There was no interaction between Stimuli × Presentation, but there was an interaction of Group status, Stimuli, and Presentation F(1, 104) = 4,32, p < 0.04, η2p = 0.04. Whereas in controls, there was no difference in feelings of dominance between Stimuli in the audio nor in the audio-video condition (p = 0.114; p = 0.77), participants with misophonia reported the same level of feeling dominant toward the sounds in the audio condition (p = 0.33), but when the stimuli were presented with videos, they felt more dominant in the case of incongruent mouth smacking sounds than during congruent human eating sounds (M = 2.33, SE = 0.13 vs. M = 2.8, SE = 0.12), p = 0.016. The data are illustrated in Figure 3B.




Psychophysiological data

Although the physiological data were not distributed normally, a parametric mixed ANOVA was performed with Group (misophonia vs. control) as a between-subjects factor and Time (eight 1-s periods), Presentation (audio, audio-video), and Stimuli (human eating, animal eating) as within subjects’ factors, to test the effect of adding visual information to the actual sound’s source (congruent stimuli) on the psychophysiological reaction. Additionally, a similar mixed ANOVA was conducted with Group (misophonia vs. control) as a between-subjects factor and Time (eight 1-s periods), Presentation (audio, audio-video), and Stimuli (human eating, human mouth smacking) as within subjects’ factors, in order to examine whether presenting an actual human mouth smacking with an incongruent cue had an influence on the psychophysiological reaction.

When the sphericity assumption was not met, Greenhouse-Geisser corrected degrees of freedom and epsilon values were reported. Bonferroni post hoc tests with correction for multiple comparisons were conducted. These analyses were made separately for HR and SCR data.


Heart rate

Because the cardiac responses of 10 participants were of low quality or not recorded due to technical errors, the data gathered from 55 participants with misophonia and 42 controls were analyzed. There were no main group effects in either of the two analyses described above as (a) and (b), which means that we could not confirm the difference in the HR reaction to the stimuli between people with misophonia and controls. mean HR changes (bpm) separately for misophonia and controls, two kinds of presentations (audio and Audio-Video), and for two separate analyses (a and b) can be seen in Figure 4.
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FIGURE 4
Mean HR changes (bpm) separately for misophonia and controls and two kinds of presentations (audio and audio-video), and for two separate analyses (A,B).


In the analysis with human eating (congruent), animal eating (congruent), and Time as within subject’s factors, only a Time effect4 was found F(3.26, 309.84) = 33.3, p < 0.001, η2 = 0.26, ε = 0.47. Pairwise comparisons indicated a deceleratory HR response to the stimuli, with HR dropping (M = −0.708, SE = 0.34) until the seventh second (M = −4.21, SE = 0.489). There was a significant difference between 2 consecutive periods: 2nd vs. 3rd second (M = −1.54, SE = 0.387 vs. M = −2.52, SE = 0.41; p = 0.006) and 3rd vs. 4th second (M = −3.12, SE = 0.48; p = 0.045).

In the analysis with human eating (congruent), human mouth smacking (incongruent), and Time as within subjects’ factors, the Time effect also showed decelatory HR response F(2.67, 250.54) = 49, p < 0.001, η2 = 0.34, ε = 0.38. Pairwise comparisons showed that HR was dropping (M = −0.905, SE = 0.31) until 8 s (M = −4.34, SE = 0.38). There was a significant difference between 3 consecutive periods:1st vs. 2nd second (M = −0.905, SE = 0.31 vs. M = −1.37, SE = 0.31; p = 0.005), 2nd vs. 3rd second (M = −2.870, SE = 0.34; p < 0.001), and 3rd vs. 4th second (M = −3.57, SE = 0.41; p = 0.009).

We also found a significant interaction of Group, Stimuli, Presentation, and Time F(2.95, 277.63) = 3.001, p = 0.032, η2p = 0.031, ε = 0.422. Pairwise comparisons showed that misophonia participants had significantly deeper HR deceleration than controls in the audio-video human eating condition in the 2nd (M = −3.08, SE = 0.714 vs. M = −0.242, SE = 0.83, p = 0.011), the 3rd (M = −4.28, SE = 0.78 vs. M = −1.19, SE = 0.9, p = 0.011), and the 4th second (M = −5.28, SE = 0.84 vs. M = −1.95, SE = 0.97, p = 0.011), while there was no difference between the groups in the human mouth smacking incongruent stimuli in the audio-video condition. There was no Group difference in the audio condition. A non-parametric Mann Whitney’s U-test confirmed the group difference in the 2nd second (Mdn = −2.25, n = 55 vs. Mdn = −0.75, n = 42), U = 780.50, z = −2.73, p = 0.006, and in the 3rd second (Mdn = −3.67, n = 55 vs. Mdn = −1.33, n = 42), U = 869.5, z = −2.08, p = 0.038. Similar analysis showed only a statistical tendency in the 4th second (p = 0.088).



Skin conductance response

As data from several participants had to be excluded due to recording errors, the results from 54 participants with misophonia and 41 controls were analyzed.

There was no Group main effect in the analysis of human eating (congruent) and animal-eating (congruent) stimuli (p = 0.344), nor in the analysis of human eating (congruent) and human mouth smacking (incongruent) stimuli (p = 0.115). In the analysis with human eating (congruent), animal eating (congruent), and Time as within subject’s factors, there was an interaction of Group, Time, and Presentation, F(2.66, 255.28) = 2.81; p = 0.046, η2 = 0.028, ε = 0.380, showing that misophonia participants (M = 0.04, SE = 01) had higher SCR than controls (M = 0.003, SE = 0.012; p = 0.023) in the 8th second in the audio condition. However, non-parametric tests, which were additionally conducted due to non-normal distribution of the data, did not confirm this difference. A Mann Whitney’s U-test indicated that there was no significant difference between misophonia and controls, U = 930.00, z = −1.766; p = 0.077.

In the analysis of human eating (congruent) and human mouth smacking (incongruent) an interaction of Time and Group was found F(1.89, 176.02) = 4.69; p = 0.012, η2 = 0.048, ε = 0.270, indicating that participants with misophonia had significantly higher SCR than controls in the 6th (M = 0.022, SE = 0.007 vs. M = 0.002, SE = 0.008), 7th (M = 0.017, SE = 0.007 vs. M = −0.009, SE = 0.008) and 8th (M = 0.012, SE = 0.007 vs. M = −0.016, SE = 0.008) second, as can be seen in Figure 5. A Mann Whitney’s U-test did not confirm the difference in the 6th second (p = 0.162) and indicated only statistical tendency in the 8th second (p = 0.060) but confirmed the difference in the 7th second (Mdn = 0.0035, n = 54 vs. Mdn = −0.0007, n = 41), U = 815, z = −2.194, p = 0.028.
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FIGURE 5
SCR means separately for misophonia and controls, and for two separate analyses (A,B).






Discussion

This study aimed to examine whether the context of the sound will affect the misophonic response. As hypothesized, the manipulations of the context of the sounds influenced the self-reported misophonic reaction. Nonetheless, among non-misophonic participants, similar effects were observed (with an exception for dominance rating). Although such a result does not support a part of our hypothesis which states that the eating sound’s context will not affect the control group, it is in line with three studies (Heller and Smith, 2022; Samermit et al., 2022; Savard et al., 2022) published after our study had begun, showing that the same orofacial or unpleasant sounds are assessed more positively when perceived or presented as something else, in participants without misophonia as well. In our study, however, controls, on average, assessed stimuli as neutral to somewhat positive in the audio-video condition. It could be assumed that a dog eating a watermelon or a pig eating from a human hand could be viewed as humorous. Participants with misophonia rated all these sounds as negative, or slightly negative (in case of animal eating and human mouth smacking sounds), even when the sounds were presented with videos.

Not surprisingly, participants with misophonia assessed all misophonic sounds as more negative and arousing, and assessed feeling less dominant with respect to sounds compared to healthy control participants without misophonia, which supports the first hypothesis and is consistent with previous studies and descriptions of misophonia (e.g., Edelstein et al., 2013; Brout et al., 2018; Swedo et al., 2022). It also confirms an adequate group assignment based on the face-to-face misophonia interview. Additionally, proper group assignment was confirmed by the significant differences in MisoQuest outcomes between the two groups.

The results of the study are consistent with the role of context of the sounds on evaluation of misophonia trigger sounds found in other studies (Frank and McKay, 2019; Edelstein et al., 2020; Natalini et al., 2020; Wiese et al., 2021; Cowan et al., 2022; Heller and Smith, 2022; Samermit et al., 2022; Savard et al., 2022). Put simply, the misophonic reaction is reduced when it is perceived as something apart from a human mouth sound. In our study, when people with misophonia (and controls as well) were not told the source of the sounds they were listening to (i.e., in the audio condition), there was no difference between human eating, human mouth smacking and animal eating sounds on the self-report valence rating. However, when exposed to the same sounds in the audio-video condition, sounds made by animals (congruent) and human smacking sounds shown as being made by human hands (incongruent) were rated as significantly less negative than human eating sounds (congruent). Moreover, while there was no difference in the valence rating between the same (congruent) human eating sound in the audio and audio-video conditions, presenting the human mouth smacking with incongruent visual stimuli significantly decreased negative affect and arousal. Similarly, in the case of animal-eating sounds, exactly the same sounds were assessed as less negative and less arousing when presented with video of congruent stimuli. Moreover, people with misophonia reported feeling more dominant toward the smacking mouth sounds with incongruent visual stimuli than toward human eating sound presented with congruent stimuli, while this effect was not observed in controls. Thus, the third and the fifth hypotheses were supported. Furthermore, in both of the groups, presenting the sounds with videos decreased reported arousal, in comparison to the audio condition, to congruent animal and incongruent human mouth smacking sounds, but not to the congruent human eating sound. This supports a part of the fifth hypothesis in this study.

Although in our study the manipulation of context involved different stimuli (e.g., audio only vs. audio-visual), the results are similar when this manipulation is carried out by text (e.g., verbally informing participants about the source of the sound; Edelstein et al., 2020). This suggests that perception of the sound’s context, rather than the specific acoustic characteristics, is a source of the evaluative differences in how people with misophonia perceive triggering stimuli.

While the self-assessment results were in line with previous studies and consistent with the misophonia reaction being affected by the context of the sound, psychophysiological data were less clear. Although parametric tests indicated several differences between participants with misophonia and controls in SCR, non-parametric test confirmed only one difference—participants with misophonia had higher SCR than controls in the 7th second in the average of audio and audio-video of human eating and mouth smacking eating stimuli. Therefore, the second hypothesis was supported only partially. The results were not as clear as in the previous studies (Edelstein et al., 2013; Kumar et al., 2017) of greater skin conductance increases among people with misophonia while listening to misophonia trigger stimuli. Furthermore, the context modification did not impact the SCR data in our study. Further studies should verify whether these findings were a result of lower statistical power of non-parametric tests, or rather in the first seconds of the trigger duration differences in SCR between people with and without misophonia are less demonstrable.

The heart rate results were also more difficult to explain and better interpreted as being related to the cognitive and attentional processing of the stimuli. In most of the analyses, no differences between the misophonia and control groups were found in the HR responses. The only difference that was found indicated more robust HR deceleration in misophonia participants than in controls during 2 s in congruent human eating sound in audio-video condition. This result, however, contradicts our hypothesis about less pronounced deceleration during human eating sounds, and may rather suggest an orienting response. The orienting response indicates attention and information intake, and is larger when stimuli are novel, interesting, or significant (Graham, 1992, 1979). These outcomes may indicate that the fight or flight response to misophonic triggers is preceded by increased attentional focus to misophonic triggers. Overfocus on triggers, and difficulties with attention shifting, was already described as a significant symptom of misophonia (Swedo et al., 2022). Nonetheless, this result was observed only in 2 s, and only in the audio-video condition, so should be treated as preliminary until replicated in further studies.

Two studies (Kumar et al., 2017; Schröder et al., 2019) have found HR increases in people with misophonia (but not healthy controls) while listening to misophonia trigger stimuli. Several differences between those studies and the current one may explain the discrepant results. First, these earlier studies employed longer stimulus presentation times (15 or 25 s) than the current study. The typical HR response to an aversive stimulus is cardiac deceleration (orienting response) during stimulus intake followed by acceleration (defensive response) in preparation for action (Bradley et al., 2001; Witvliet and Vrana, 2007), which was also observed in our data. Therefore, a longer stimulus presentation may have captured a defensive response that might have discriminated between groups or the different trigger sounds. Further, in addition to the longer presentation times, the other studies (Kumar et al., 2017; Schröder et al., 2019) repeated the stimuli multiple times, allowing for sensitization to the trigger sounds and more opportunity to observe a HR difference between groups. This study aimed to examine the immediate reactions in both groups, before it would habituate or sensitize in either of the groups. Another reason for this methodological choice was that the main goal of the study was to evaluate the effect of sounds’ source manipulation on emotional reaction. If the stimulus was repeated, there was a risk that the participants would discover the experimental manipulation, which would affect psychological assessment of the stimuli.

Another possible explanation of between-study HR differences is that stimuli were processed differently. Subtle differences in perceptual and cognitive processing can greatly affect HR response to stimuli (Vrana et al., 1986; Peasley-Miklus and Vrana, 2000). In this study, participants were given minimal instructions regarding how to process the stimuli, though the potential affective components of the stimuli were highlighted (see “Procedure” section). Other studies have not provided processing instructions, but after every trial, misophonic participants in Kumar et al. (2017) were asked to rate how annoying the sound was and how effective it was in triggering misophonic reaction, so participants were oriented toward evaluating it for a negative emotional reaction. It is recommended that future studies exploring the physiological response to misophonia stimuli publish the instructions they provide to participants about the stimuli, in order to facilitate interpretation of results and comparison across studies.

This study has several limitations that must be noted. First, the groups were not completely equivalent; people in the misophonia group were slightly older and more likely to be female compared to participants in the control condition. Second, there were no neutral, positive, or non-mouth negative stimuli to compare with the misophonia triggers. This made it difficult to find group differences or to definitively interpret the control group findings. Third, because we wanted to prevent participants from guessing the goal of the study, participants’ interpretation of the sources of the sounds were not controlled. This limitation, however, made it impossible to conclude about possible assumptions on the sound context made by the participants. Moreover, the manipulation of sound source was confounded with both sensory modality of the stimulus (audio-only and audio + visual) and with presentation order (the audio condition was always presented first). Future studies of context and interpretation of sounds on misophonia response should be designed so that equivalent stimuli can be used when awareness is manipulated, and so conditions can be adequately counterbalanced. In addition, relatively few triggers were presented, and they were presented for a short period of time because the main goal of the experiment was to evaluate immediate perception and cognitive evaluation of the stimuli. However, this had some important consequences: the methodological differences between this study and other studies make it difficult to compare the HR results. Furthermore, the fact that mouth smacking sounds were recorded without food inside the mouth, while these stimuli were supposed to be human eating sounds, possibly could not be treated and described as outright human eating sounds, which somewhat limits the interpretation of the data related to these stimuli. Moreover, due to an error, one of the human eating stimuli was presented incorrectly, so only the data from one of the human eating sound was calculated, and the average of two animal-eating stimuli and of two human smacking was calculated. A final limitation is the ecological validity of the study. The misophonia sounds were presented for only 8 s each, a much shorter duration than is typical in real life, and several participants commented that the sounds were much less unpleasant than in a real-life because they knew that it was made by an “actor.”

Despite these limitations, the study adds to the growing misophonia literature by demonstrating that the same eating sounds are assessed by misophonia sufferers as being less negative when embedded within videos of non-human eating. These contextual effects occurred quickly during sound presentations that were shorter than typically occur in real life. In future studies, the duration and maintenance of these effects should be explored. A recently developed database of potential trigger sounds paired with neutral or pleasant videos (Samermit et al., 2022) could help further studies to replicate and extend those of the present study. Additionally, our study results encourage the development of cognitive interventions for misophonia (see also Edelstein et al., 2020; Savard et al., 2022), in which interpretation and attribution of the sound is addressed. Importantly, here we only suggest that the misophonic reaction could potentially be modified by cognitive reappraisal, but we do not believe that the misophonic reaction can be removed by cognitive restructuring, or that misophonia could simply be cured with cognitive therapies.

In this study, we focused only on the source of sounds. In further studies, investigating other moderators of the misophonic response to triggering cues, such as personal experience, mental state, an attitude to specific behaviors related to the trigger sounds, etc., could extend the understanding of the context in misophonia. Empirical verification of the role of context in misophonic responses is fundamental for the understanding of the misophonia mechanism, and can contribute to developing adequate misophonia treatment.
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Footnotes

1     Median.

2     There are no non-parametric tests for interaction, and this procedure was needed to test hypotheses in this study. Therefore, due to evidence for the adequacy and robustness of ANOVA in case of non-normally distributed data (Schmider et al., 2010; Blanca et al., 2017; George and Mallery, 2019), ANOVAs are presented despite non-normal distributions of the data. However, when the data from parametric and non-parametric tests differed, additionally, non-parametric results are presented for the specific comparisons.

3     Due to an exploratory character of the study, even when no Group interactions were found, in case of all the analyses the interactions with Stimuli and Presentations were tested, in order to check in what way the context of the sounds impacted both of the groups.

4     Due to an exploratory character of this study, in spite of no Group effects, additional interactions were tested in order to check the direction of HR changes across Time.
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Introduction: People with misophonia experience strong negative emotional responses to sounds and associated stimuli—mostly human produced—to an extent that it may cause impairment in social functioning. The exact nature of the disorder remains a matter of ongoing research and debate. Here, we investigated the genetic etiology of misophonia to understand contributing genetic factors and shed light on individual differences in characteristics that are related to the disorder.

Methods: For misophonia, we used an unpublished genome-wide association study (GWAS) from genetic service provider 23andMe, Inc., on a self-report item probing a single common misophonic symptom: the occurrence of rage when others produce eating sounds. First, we used gene-based and functional annotation analyses to explore neurobiological determinants of the rage-related misophonia symptom. Next, we calculated genetic correlations (rG) of this rage-related misophonia symptom GWAS with a wide range of traits and disorders from audiology (tinnitus, hearing performance, and hearing trauma), psychiatry, neurology, and personality traits.

Results: The rage-related misophonia symptom was significantly correlated with tinnitus, major depression disorder (MDD), post-traumatic stress disorder (PTSD), and generalized anxiety disorder (GAD; 0.12 < rG < 0.22). Stronger genetic correlations (0.21 < rG < 0.42) were observed for two clusters of personality traits: a guilt/neuroticism and an irritability/sensitivity cluster. Our results showed no genetic correlation with attention deficit and hyperactivity disorder, obsessive-compulsive disorder, and psychotic disorders. A negative correlation with autism spectrum disorder (ASD) was found, which may be surprising given the previously reported comorbidities and the sensory sensitivity reported in ASD. Clustering algorithms showed that rage-related misophonia consistently clustered with MDD, generalized anxiety, PTSD, and related personality traits.

Discussion: We conclude that—based on the genetics of a common misophonia symptom—misophonia most strongly clusters with psychiatric disorders and a personality profile consistent with anxiety and PTSD.
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Introduction

Misophonia is a condition in which trigger sounds—such as chewing or breathing—provoke disproportionately strong and involuntary feelings of anger, anxiety, and/or disgust. When severe enough, these emotional responses (or the associated avoidance behavior) may impede family relations and/or work life, resulting in patients seeking help from healthcare professionals. Recently, a consensus panel was unable to converge on a clear nosology for misophonia, and classified it as either a “psychiatric disorder” or the more general “medical disorder” (Swedo et al., 2022). The expert panel also concluded that knowledge on the genetic and neurobiological underpinnings of misophonia are lacking, and that further investigation is needed into the relation of misophonia with other disorders to better characterize misophonia. In addition, such research should also focus on the dependency of misophonia on contextual factors (such as personality) that influence interpretation of misophonic trigger sounds and thus modulate disease etiology (Jastreboff and Jastreboff, 2001a,b, 2015).

Our present research aims to fill in one of the gaps that the expert panel highlighted, namely, the genetic underpinnings of misophonia. Our study is primarily based on the analysis of a Genome-Wide Association Study (GWAS) of a common misophonia symptom, namely, a self-report item on rage induced by chewing-sounds and analyzed by genetic service provider 23andMe, Inc. (San Francisco1). Using this symptom as a proxy variable for misophonia, Fayzullina et al. (2015) reported one genetic locus that was significantly associated with the misophonia symptom. This genetic locus, rs2937573, is intronic to the TENM2 gene that plays a role in cell adhesion and is highly expressed in neurons in various stages of brain development. However, a functional annotation of these results has not yet been performed, including the role of TENM2 in hearing and psychological traits as revealed by the GWAS. Our first aim is to perform this analysis, which may provide insights into the neurobiological underpinnings of misophonia.

Our second aim is to determine the association between the genetics of the rage-related misophonia symptom with the genetics of many other traits. It is known that genetic etiology of disorders (including psychiatric, neurological, and many other disorders and traits) show pervasive correlations (Bulik-Sullivan et al., 2015). This overlap shows strong clustering (Lee et al., 2019) across psychiatric disorders, for example, a substantial degree of overlap (genetic correlation rG = 0.31) was reported between obsessive-compulsive disorder (OCD) and bipolar disorder (BIP). Moreover, shared genetics extends to substance use disorders (Abdellaoui et al., 2020) and non-psychiatric variables such as socio-economic status, which has important consequences for nosology and identification of contributing factors (Marees et al., 2020b). Inspecting genetic correlations and placing misophonia in a network of disorders and traits will aid its nosology.

We selected a list of 44 traits and disorders for our genetic correlation analysis. Based on the phenotypic comorbidities of misophonia with psychiatric disorders, it seems most likely that misophonia will show significant genetic correlations with major depression, autism spectrum disorder (ASD) and attention deficit and hyperactivity disorder (ADHD) (Jager et al., 2020), possibly also with OCD and Tourette’s syndrome (Webber et al., 2014; Webber and Storch, 2015). In addition, we expect misophonia to correlate with personality dimensions (Jager et al., 2020). Therefore, personality traits will be added to the list of GWAS that may classify misophonia. A second group of disorders and traits comes from the field of audiology. Initially defined as a form of decreased sound tolerance (Jastreboff and Jastreboff, 2001a,2014), misophonia may bear relation to audiological disorders and related traits. Finally, we added several traits that putatively bear relation to misophonia. Neurological traits may reflect neuronal excitability; cortical measures of the limbic cortex (viz., mean insula surface area and thickness) (Grasby et al., 2020) were included based on the Autonomous Sensory Meridian Response (ASMR) hypothesis of misophonia (McGeoch and Rouw, 2020). Finally, educational attainment is known to correlate with many psychiatric disorders as well as audiological performance measures, and was added for this reason.



Materials and methods


GWAS summary statistics

The source GWASs are studies from 23andMe, UK Biobank and the Psychiatric Genomics Consortium (PGC). Supplementary Table 1 shows an overview of all the disorders and trait GWASs used, their sample sizes, and their source, and specifics on the measurement. All psychiatric disorder GWAS are case-control GWAS from the PGC with clinically ascertained samples.

A case-control GWAS for misophonia based on the proposed clinical criteria does not yet exist, nor was the condition assessed in the UK BioBank. However, Fayzullina et al. (2015) published a GWAS on the self-reported item of “Does the sound of other people chewing fill you with rage?” in 80,607 subjects from the general population, including only subjects who answered yes or no to the question. These results have not been the subject of a peer review process. The prevalence of a positive answer to this question was 22%, which is an overestimation of the clinical prevalence of misophonia, 5–5.9% in Germany, 12.8% in Turkey and 18% in the UK (Kılıç et al., 2021; Jakubovski et al., 2022; Vitoratou et al., 2022). It has been shown that anger is a very common emotional response in 89.5% of misophonia cases and that chewing sounds are a misophonia trigger sound for 95% of cases (Jager et al., 2020), making the single item highly representative of misophonia. All study participants were required to have over 97% European ancestry, as determined by analysis of local ancestry (Durand et al., 2014). The reference population data for ancestry analysis were derived from public datasets (the Human Genome Diversity Project, HapMap, and 1,000 Genomes) and from 23andMe customers who have reported having four grandparents from the same country. At present, the database has the highest power to detect associations in cohorts of European ancestry.

Wherever possible, European ancestry versions of the summary statistics of other traits were selected, since results from other ancestries may bias the results. There was no selection on gender. A total of 43 traits were compared with misophonia in this study. These traits were categorized as Audiological (10, including tinnitus and hearing performance traits), Psychiatric (11) and Personality (15). The remaining 8 traits were added to the category “Other” and included various neurological disorders (Alzheimer’s, Parkinson’s, epilepsy), insula measures (surface area and thickness), and socioeconomic factors Educational Attainment and Townsend Index.

Several UK Biobank trait GWAS (mainly for personality traits) were obtained from the NealeLab GWAS collection web page (NealeLab., 2018).



GWAS of hearing traits

For several audiological traits a GWAS using the UK Biobank data was performed. To establish whether hearing problems may play a role, a quantitative GWAS was performed on the hearing test results (field 20019 and 20021, “Speech perception threshold” left and right ear using the speech-in-noise test). Additional case-control GWASs were performed for Hearing aid, Hearing problems, and Loud music exposure (fields 3393, 2247, 4836).

For tinnitus (UK Biobank field 4803, “Do you get or have you had noises (such as ringing or buzzing) in your head in one or both ears that lasts for more than 5 min at the time?”), two analyses were performed, one for “Ever Tinnitus” (combining all values from “yes, but not now, but have in the past”). In addition, one GWAS was estimated for “Current Tinnitus” (combining all values from “some of the time” and up, with the “yes, but not now, but have in the past” values removed). The Current Tinnitus GWAS was repeated for subjects with good hearing (below −5.5 dB on the hearing test) to test the genetics of tinnitus without functional hearing loss (Dawes, 2013).



Genetic annotation

We used the functional mapping and annotation (FUMA) web-application (Watanabe et al., 2017) to perform gene based analysis with MAGMA based on chromosomal position. In addition, we identified expression quantitative trait loci (eQTLs) for different tissues from the GTEx (Lonsdale et al., 2013), BRAINEAC,2 and eQTLgen (Võsa et al., 2021) resources. Supplementary Table 2 gives an overview of the tissues selected for the analyses.

We subsequently ran a Transcriptome-Wide Association Study (TWAS) for the GTEx tissues (version 8) using the FUSION software (Gusev et al., 2016). The TWAS resulted in a test for each tissue by gene combination reflecting the genetic association of misophonia with a gene for that particular tissue. Significance levels of these tests were FDR corrected across all tested genes within a tissue. These were further corrected for the multiple tissues: To correct for multiple testing of expression profiles across tissues—which are expected to highly correlate—we estimated the independent degrees of freedom of the cross-tissue imputed expression correlation matrix with spectral decomposition (Nyholt, 2004; Li and Ji, 2005). This number was used as a Bonferroni correction factor. The correlation matrix for input into the spectral decomposition was based on pairwise complete TWAS z-scores.



Genetic correlations

To calculate the genetic correlation between the set of 44 GWASs, the package GenomicSEM (Genomic structural equation modeling, Grotzinger et al., 2019) was used in R (version 4.0.3, R Core Team, 2022). With this package, pairwise bivariate LD score regression analyses were performed using the recommended settings across all traits (Bulik-Sullivan et al., 2015). Single nucleotide polymorphism (SNP) filtering settings were HWE p > 1E-8, MAF > 0.01 insofar available, and were downsampled to HapMap 3 excluding the MHC region for the subsequent genetic correlation calculation (Bulik-Sullivan et al., 2015).

For visualization of the genetic correlations R-package corrplot (version 0.86) was used, using hierarchical clustering to order the traits. Before clustering, we identified traits that were reverse coded—that is, all traits that reflect positive aspects such as friend satisfaction were reversed. This was done by entering the full genetic correlation matrix into an Eigen decomposition and extracting the loadings on the first unrotated principal component. Of traits with substantial negative loadings (below −0.05) all genetic correlations were negated. All p-values were corrected for multiple testing using the False Discovery Rate control (Benjamini and Hochberg, 1995).



Graph clustering

R package iGraph (version 1.2.6, Csardi and Nepusz, 2006) was used to determine the clustering of all traits included in the analysis using the Louvain method (Blondel et al., 2008). The method optimizes the modularity index q, which indexes the relative size of within cluster strength of the within-cluster strengths compared to the between-cluster strength, where strength was defined as the genetic correlation between trait pairs.

To establish the consistency of clustering we used the data provided by GenomicSEM to resample the genetic correlation matrix. GenomicSEM provides variability (standard errors) of the estimates together with the covariation between estimates. This matrix (a 990 × 990 matrix for 44 traits) was used as the “sigma” matrix in the R package mvrnorm, with the estimates (genomicSEM matrix S) themselves as the “mu” parameter. This provided a set of 1,000 samples with the resampled estimates in a single row with the correct mean value, variability, and covariability between the resampled estimates. Each resampling was reordered into a genetic correlation matrix, and reassessed with the Louvain clustering method. Finally, we counted the number of times pairs of traits were grouped in the same cluster to assess the consistency of clustering.




Results


Misophonia GWAS and annotation

Supplementary Figure 1 shows the Manhattan plot for the rage-related misophonia symptom GWAS (see also Fayzullina et al., 2015). The top SNP rs2937573 was highly significant (p = 2.58 × 10–43) and is located near the TENM2 gene (intergenic in build37; intronic in build38). None of the SNPs within the LD block (cutoff r2 = 0.6) is a known eQTL for a gene, but several deleterious SNPs are present in the region, of which rs2915860, rs7728595, and rs2915858 were present in the main GWAS and significantly associated with misophonia (p ≤ 1.28 × 10–11; CADD ⇒ 15.36). Remaining SNPs in the LD block with CADD > 12.37 are listed in Supplementary Table 2 (Kircher et al., 2014). Opentargets.org and GWAS catalog lookup of the top SNP and SNPs in LD reported a link with adolescent scoliosis (Liu et al., 2018) and “Time spent watching TV” (UK Biobank item 1080, analysis Neale v2).

A second independent hit (rs7522520, p = 3.57 × 10–8) was located on chromosome 1 near pseudogene RN7SK. Supplementary Table 3 shows the SNPs in the LD block of rs7522520 (cutoff r2 = 0.6) as reported in GWAS catalog (MacArthur et al., 2017), which includes a variety of traits in the wellbeing spectrum. One SNP within the LD block is an eQTL for NEGR1 (Neuronal growth regulator 1; rs6656687, eQTLgen blood tissue cis-eQTL, p = 1.94 × 10–23). This SNP was not tested in the original GWAS. Supplementary Table 4 shows the deleteriousness (CADD) scores of the SNPs in the LD block. The LD block covered 22 SNPs with CADD score > 12.37; none were significantly associated with misophonia.

FUMA positional gene-based analysis with MAGMA showed one Bonferroni corrected significant gene: TMEM256 (corrected p = 0.0257) on chromosome 17.



Expression analysis

We performed a Transcriptome-Wide Association Study analysis (TWAS) using 10 GTEx brain tissue and 1 whole-blood expression profiles. To correct for multiple testing, we applied the Benjamini-Hochberg false discovery rate (FDR) to adjust for testing across many genes (Benjamini and Hochberg, 1995). Across tissues, we further applied Bonferroni correction to the significance threshold, using the estimated true degrees of freedom using MatSpD (Nyholt, 2004). Since MatSpD estimated df = 3.84 as the effective degrees of freedom of the TWAS effects across tissues, alpha = 0.0130 was used as the significance cut-off value. The TWAS revealed that TFB1M expression in Hippocampal tissue was the only significant effect (FDR-p = 0.0055). TFB1M is located on chromosome 6 and encodes for one of several proteins that regulate mtDNA transcription and replication, and is associated with mitochondrial non-syndromic sensorineural deafness, and drug-induced hearing loss (Bykhovskaya et al., 2004; O’Sullivan et al., 2017). ECE2 gene expression in Putamen was close to significance (FDR-p = 0.0168, not significant).



SNP heritability and genetic correlations


SNP heritability

The rage-related misophonia symptom showed substantial SNP heritability (h2 = 8.5%, z = 10.5, p = 9.2 × 10–26). The LD-score regression intercept was 1.005 (SE = 0.0088; not significant), indicating excellent control of inflation due to stratification. The genetic correlations of misophonia with the selected traits are shown in Figure 1, clustered by category and ordered by magnitude. The full heatmap of the correlations is provided in the Supplementary Figure 1.
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FIGURE 1
Genetic correlations of misophonia symptoms with a range of behavioral traits and disorders. False discovery rate (FDR)-corrected significant effects (red) were observed in most categories (audiological, psychiatric, personality, and miscellaneous traits). Nominal significance (green triangles) was observed for Anxiety, autism spectrum disorder (ASD), and “Tinnitus in good hearing”. FDR adjusted significant correlations were observed for Current Tinnitus, Ever Tinnitus, post-traumatic stress disorder (PTSD), major depression disorder (MDD), a range of internalizing and externalizing traits, and educational attainment (red).




Audiology

Rage-related misophonia showed moderate but significant positive correlations in the range from 0.15 to 0.19 with tinnitus (specifically, Ever tinnitus and Current tinnitus). Correlations with other audiology traits were not significant. In contrast with rage-related misophonia, the three tinnitus traits showed clear overlap with hearing trauma variables (current tinnitus: rG = 0.51 for loud music exposure; rG = 0.29 for hearing aid). This is consistent with the early observations that misophonia is unrelated to hearing performance and/or hearing loss, whereas tinnitus often arises after hearing trauma (Langguth et al., 2013; Jastreboff and Jastreboff, 2014; Moore et al., 2017). Loud music exposure is even likely to have a causal effect on tinnitus (Moore et al., 2017). Like misophonia, tinnitus was unrelated to hearing performance (SNR left or right), which seems at odds with tinnitus’ correlation with hearing loss, but may be due to the fact that most of the SNR trait variation within normal hearing range is unrelated to hearing problems (Figure 2). This is visible as moderate correlations between SNR left and right with hearing aid (rG = 0.37 and rG = 0.34 for left and right SNR, respectively), and non-significant correlations with hearing problems.
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FIGURE 2
Correlation plot between misophonia and audiological traits. SNP-based genetic correlations were calculated between misophonia and 10 audiology traits using LD-score regression (LDSC). *p < 0.05, **p < 0.01, ***p < 0.001, false discovery rate (FDR) adjusted across all traits combinations. See Supplementary Table 1 for abbreviations.


Interestingly, loud music exposure showed a pattern of correlations that was very similar to that of the rage-related misophonia symptom (i.e., moderate correlations with tinnitus variables and low correlations with the remaining traits), however, the direct correlation between loud music exposure and rage-related misophonia was low and not significant. This further suggests that misophonia is not related to hearing problems, but reflects shared etiology with tinnitus via other (psychological) traits (Pattyn et al., 2016).



Psychiatric liabilities

Consistent with the observed phenotypic correlations (i.e., comorbidities), we observed significant positive correlations between misophonia and MDD (rG = 0.11, uncorrected p = 0.012, FDR-p = 0.045) and PTSD (rG = 0.25, uncorrected p = 0.013, FDR-p = 0.045). The strongest correlation was with anxiety (rG = 0.31, uncorrected p = 0.022). Surprisingly, there was a (nominally) significant negative correlation between ASD and rage-related misophonia (rG = −0.15, uncorrected p = 0.044, FDR-p > 0.05).



Psychological/personality traits

Rage-related misophonia was significantly positively correlated with guilt, loneliness, miserableness, nerves, neuroticism, irritability, sensitivity, tense feelings, and worry. The strongest correlation was with neuroticism (rG = 0.42, uncorrected p = 2.0 × 10–12, FDR-p = 7.5 × 10–11). There were no negative correlations. A positive correlation with aggression did not reach significance, possibly due to the wide confidence intervals.

Figure 3 shows a correlation plot for a selection of above traits (i.e., significantly correlated to misophonia) plus the MDD, PTSD, and anxiety liability traits that highly correlate with the selected psychological traits. From the correlational pattern two clusters appear, where guilt, nerves, loneliness, miserable, neuroticism correlate highly. Irritability, sensitivity, tense and worry formed a second cluster. Psychiatric disorders (anxiety, PTSD, and MDD) clustered with the neuroticism/guilt cluster, but also showed significant overlap with the irritability/sensitivity cluster. Rage-related misophonia closely followed the pattern of correlations of the psychiatric disorders, as it clusters in the neuroticism/guilt cluster but also shows moderate genetic correlations with the irritability/sensitivity cluster.
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FIGURE 3
Correlation plot between misophonia, psychiatric, and psychological traits. SNP-based genetic correlations were calculated between misophonia, tinnitus (current), and 12 selected traits shows the membership of two main clusters identified using hierarchical clustering, putatively called the irritability and neuroticism clusters. The neuroticism cluster holds most internalizing traits. The irritability cluster also holds sensitivity, tenseness, and worry. The psychiatric traits are clustered with the neuroticism cluster but all showed significant positive correlations with the irritability cluster. Misophonia closely followed the psychiatric traits. Tinnitus showed a pattern different from misophonia with high correlations with the neuroticism cluster but no significant correlations with the irritability cluster. *p < 0.05, **p < 0.01, ***p < 0.001, false discovery rate (FDR) adjusted across all traits combinations. See Supplementary Table 1 for abbreviations.




Remaining disorders and traits

Environmental variables of social and living conditions as well as important cognitive traits are genetically correlated to some psychiatric disorders, including substance use disorders (Abdellaoui et al., 2019, 2020; Marees et al., 2020a). We therefore investigated Townsend index—an index of impoverished living environment—and EA as possible contributing factors for misophonia. These variables are known to have a genetic component (Abdellaoui et al., 2019). Of these, misophonia showed a highly significant negative correlation with educational attainment (rG = −0.18, FDR-p = 2.8 × 10–8). The Townsend index did not show a significant correlation (rG = 0.00, p > 0.99).

EA is known to have cognitive (IQ) and non-cognitive factors (personality, environment). A recent article parsed genetic variance into these constituent parts, and reported that the genetic correlations between Educational attainment (EA) and psychiatry changed (Demange et al., 2021). Genetic correlations of EA with schizohrenia (SCZ), bipolar disorder, Anorexia Nervosa (AN), and OCD were lower for the cognitive EA variance than for the non-cognitive EA variance, even changing sign for SCZ and bipolar disorder. For misophonia, the reversed pattern was observed. Non-cognitive EA correlated significantly with misophonia (rG = −0.162, SE = 0.039, p = 3.5 × 10–5) and a genetic correlation closer to zero was found for cognitive EA (rG = −0.071, SE = 0.039, p = 0.07).

There were no significant correlations of misophonia with the neurological disorders and insula measures.




The genetics of misophonia falls in a personality/psychiatric cluster

The graph based on genetic correlations is shown in Figure 4. Graph clustering showed that rage-related misophonia clusters with psychiatric disorders Generalized Anxiety Disorder, ASD, PTSD, MDD, AN, OCD, schizophrenia, and bipolar disorder, and with psychological traits guilt, miserableness, loneliness, neuroticism, nerves, and happiness. Monte-Carlo resampling of the genetic correlation matrix and recalculating the clustering revealed that the membership of misophonia into this cluster was highly consistent, but this was not the case for all traits and disorders within that cluster. Rage-related misophonia clustered 95% of the samples with PTSD, MDD, guilt, happiness, loneliness, miserableness, nerves, and neuroticism. Cluster concordance was slightly less consistent with anxiety at 87% and with ASD at 61%. Note that the clustering with ASD is based on the consistently negative correlation with misophonia as sign is disregarded in the clustering algorithm. AN, schizophrenia, and bipolar disorder clustered less than 41% of the time with misophonia. Supplementary Figure 3 shows the full cluster concordance matrix.
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FIGURE 4
Graph of the full genetic correlation matrix. Vertex colors are based on Louvain clustering algorithm. Per vertex, only the top 10 edges are shown that are over 0.10. Node size is based on the Eigen centrality of the trait calculated from the weighted correlation matrix (absolute values). Misophonia clustered with the Depressive disorders cluster [major depression disorder (MDD), post-traumatic stress disorder (PTSD), and Anxiety] which also holds related personality traits (including neuroticism, guilt, miserableness, loneliness) (blue). Irritability and related traits (worry, sensitivity, tense) cluster with hearing problems (without or with background noise), insomnia, friendship satisfaction, and Townsend index (red). Tinnitus traits clustered with “hearing aid user” (green). The remaining cluster (yellow) holds a variety of traits, which includes neuropsychiatric disorders attention deficit and hyperactivity disorder (ADHD) and autism spectrum disorder (ASD), neurological disorders, substance use disorders, psychotic disorders (schizophrenia, SCZ; bipolar disorder, BIP), obsessive-compulsive-related disorders (OCD; Tourette’s Syndrome, TS; AN), and the insula measures.





Discussion

Our main aim was to investigate the nature of misophonia as a disorder by functionally annotating a GWAS for misophonia to reveal neurobiological function of risk SNPs, and to calculate and cluster genetic correlations between misophonia and a wide range of other disorders and behavioral traits. As the GWAS for misophonia does not yet exist, we used a proxy in the form of a GWAS of a common misophonia symptom assessed in a general population-based sample (23andMe). Two independent locations showed genome-wide significant hits. A highly significant area on chromosome 5 was found, with SNP effects intronic to the teneurin membrane 2 (TENM2) gene (for build 38) as well as SNPs in flanking intergenic regions. Drosophila and mouse studies on the teneurin genes influence axonal guidance and synapse formation. In vertebrates, all teneurins (1–4) show a gradient of expression in the thalamus, which putatively guides the axon termination from sensory neurons (Tucker, 2018). Deletion of the region (5q34) reportedly results in mental retardation in humans (Lee et al., 2016; Arya et al., 2020), which would point to an effect this region has on brain development. The results therefore suggest that altered sensory processing based on differential sensori-thalamic neural connectivity could subserve the association of misophonia with TENM2 variants.

However, none of the SNPs in the significant LD block on chromosome 5 are expression QTLs for the TENM2 gene, which may make a pathway through teneurin 2 expression in the brain more problematic. Alternatively, nearby TENM2 on chromosome 5 lie GABA receptor subunit genes (GABRG2, GABRB2, GABRA1), which could also be mediators of the effect as these are well-known genes expressed across the whole brain. GABA receptor genes have been associated with many other disorders (Frajman et al., 2020), so that a mediating role of GABA remains a possibility where it could be hypothesized that functional excitation/inhibition ratios mediate the sensitivity to rage-related misophonia. On the other hand, these GABA receptor genes are mainly reported to be susceptibility genes for epilepsy (Treiman, 2001; Cossette et al., 2002; ILAE Consortium, 2014; Riaz et al., 2021), where no significant association was found between misophonia and epilepsy, which would refute the mediating role for GABA. Future studies may investigate whether teneurin or GABA genes have a role in misophonia etiology, and establish how this could be translated into pharmacological or neuromodulatory treatment.

The second region with significant SNPs was on chromosome 1, and holds expression quantitative trait loci (eQTLs) for neural growth factor 1 (NEGR1), a gene strongly related to various variables related to cognition and socioeconomic status, including cognitive performance and educational attainment (Lee et al., 2018), BMI (Pulit et al., 2019), substance use and protein intake (Liu et al., 2019; Niarchou et al., 2020), and depression symptoms (Baselmans et al., 2019). TWAS implicated TFB1M, a modulator gene for inherited deafness (Bykhovskaya et al., 2004) and associated with intelligence in GWAS (Lee et al., 2018). These functional annotations did not point consistently to specific risk genes or neural mechanisms, even though the GWAS showed significant SNP-based heritability.

Models of misophonia formation and maintenance all have suggested that contextual variables (e.g., personality traits and previous experience) play a role on the positive feedback loop that stepwise increases physiological and behavioral responses to trigger stimuli (Jastreboff and Jastreboff, 2015; Brout et al., 2018). Here, we found that misophonia showed significant genetic correlations with traits and disorders from several categories: misophonia was positively correlated with the assessments of tinnitus (an audiological disorder), with case-control GWAS of PTSD, MDD and generalized anxiety (psychiatric disorders). The strongest correlations were observed with a range of personality traits that broadly fell into two categories, roughly categorized as neuroticism/guilt and irritability/sensitivity trait clusters. In addition, a negative correlation was observed with educational attainment, in line with the functional annotation of the GWAS.

Our findings are largely consistent with the extant literature on comorbid disorders, with some notable deviations. Previous research has reported on comorbidities of misophonia with psychiatric disorders, and on correlations of misophonia with symptoms and personality traits. The reported comorbid disorders that we were able to include in our analyses were PTSD, AN, bulimia nervosa, ADHD, and Autism Spectrum Disorder (ASD) (Schröder et al., 2013; Erfanian et al., 2019). One extensive study of psychiatric comorbidities (Jager et al., 2020) reported no axis I comorbidity in 72% of patients diagnosed with misophonia and no axis II disorders in 59%, and consisted of mood disorders, ADHD, and ASD. Contrary to the earlier reports (Schröder et al., 2013; Erfanian et al., 2019) no comorbid PTSD was found. For axis II, comorbid obsessive-compulsive personality and borderline personality disorders were observed. Obsessive-compulsive personality traits, however, were found in 26% of the patients, and clinical levels of perfectionism were found in over 66% of misophonia sufferers. Our results, however, did not show a significant correlation with OCD. A recent study into psychiatric comorbidities of misophonia (Rosenthal et al., 2022) was performed in a community sample of cases using the structured clinical interview of the DSM-V (SCID-5). Here, high rates of lifetime and current social anxiety, generalized anxiety, and specific phobias were reported (with a 73% rate for any anxiety disorder). In addition, the study reported high rates of lifetime MDD and persistent depressive disorders (with 61% total for any mood disorder), which is consistent with our genetic findings. However, they also found elevated levels of lifetime OCD (13.5%), ADHD (17.9%) and Alcohol Use Disorder (20.8%). These comorbidities were not reflected in our genetic analyses. A recent extensive study (Siepsiak et al., 2022) drew a similar picture of heightened incidence of various anxiety disorders, PTSD, AN and OCD in a Polish community sample. In addition, misophonia cases showed increased incidence of a major depressive episode, while MDD was not reported as a comorbid disorder. OCD, AN and other disorders were only slightly elevated in misophonia cases, and may not have been significant.

The genetic correlation of misophonia with tinnitus is consistent with the disorder first described in the literature as similar to but different from tinnitus, hyperacusis, and phonophobia (Jastreboff and Jastreboff, 2001a,b). However, misophonia did not correlate with any of the hearing performance or hearing loss traits (Jastreboff and Jastreboff, 2014, 2015; Jager et al., 2020), in stark contrast to tinnitus that showed significant correlations with Loud Music Exposure and Hearing Aid. Tinnitus did not correlate strongly with SNR, which may be considered surprising as tinnitus is often associated with hearing loss (Langguth et al., 2013). It is also consistent with findings that people with tinnitus but normal hearing thresholds may have hair cell damage or otherwise affected cochlear regions, suggesting that hearing loss does not necessarily lead to loss of hearing performance that can be detected with the hearing test of the UK BioBank (Weisz et al., 2006; Job et al., 2007; Langguth et al., 2013). Although the results indicate that misophonia is not related to hearing loss (or increased sensitivity), methodological issues remain. The triple digit test is not the gold standard, nor the most sensitive measure of hearing sensitivity. More sensitive measures of hearing sensitivity, such as measurement of hearing threshold or measurement of speech-in-noise perception with CVC words, may reveal such a relationship. We note that no GWAS is available of hyperacusis or phonophobia, therefore, our results do not preclude the possibility that other sensory problems than hearing loss play a role in misophonia.

Contrary to the expectations from comorbidity analyses (Jager et al., 2020; Williams et al., 2021), a negative correlation with ASD was observed. The emotional response that defines misophonia may also be found in patients with ASD (Jastreboff and Jastreboff, 2014; Williams et al., 2021), but this is not reflected in an overlap in genomic variation. It has been noted that despite the decreased sound tolerance observed often in ASD, misophonia sufferers with comorbid ASD are a minority of the misophonia cases (3% in Jager et al., 2020), with ASD cases more frequently forming hyperacusis (Williams et al., 2021). Nevertheless, over 25% of children with hyperacusis—most of which had clinical ASD—indicated having misophonia symptoms (Amir et al., 2018). Our results suggest that misophonia and ASD are relatively independent disorders with regard to genomic variation, the small protective effect suggestively being mediated by the positive correlation of ASD with cognition [rG(ASD,EA) = 0.21]. It raises the possibility that other forms of misophonia exist, one that is mostly driven by conditioning of anger or other negative emotionality to specific trigger sounds moderated by personality traits; the second forming a smaller subgroup that is driven to a greater extent by decreased sound tolerance (Williams et al., 2021), which was not picked up by the current misophonia GWAS in a population-based sample. Future studies may investigate the specifics of the relation between ASD and misophonia.

Another result that could be considered unexpected is that the positive correlation with aggression was not significant, even though anger and aggressive thoughts are often reported symptoms of misophonia (Bruxner, 2016; Dozier and Morrison, 2017; Jager et al., 2020; Norris et al., 2022). It has been argued, however, that misophonia is based on the feelings of guilt about the evoked irritation and anger rather than behavioral expressions of anger itself that causes the distress (Jager et al., 2020) making the disorder more compulsive and internalizing than impulsive and externalizing in character (Eijsker et al., 2020). Others have shown that a fear of uncontrolled emotional response is an important factor in misophonia, while externalizing thoughts are still important (i.e., blaming others for being the source of the trigger sound) (Vitoratou et al., 2022). It should be noted, however, that the GWAS for aggression was relatively small, and future updates of the aggression GWAS may show a significant positive correlation. The GWAS for another impulsive disorder (viz., ADHD) had, however, ample power. The lack of genetic correlation with ADHD—and lack of clustering of misophonia with in the ADHD/aggression cluster—provides further evidence for the disorder not belonging in the impulsive disorders cluster.

Almost no correlation was found with Anorexia (rG = 0.03, p > 0.05), in contrast to previous studies into phenotypic comorbidities of misophonia (Kluckow et al., 2014; Erfanian et al., 2019). Lastly, there was barely any correlation with OCD (rG = 0.04, p > 0.05), even though previous studies did report a link (Webber and Storch, 2015; Wu et al., 2014; Erfanian et al., 2018). The explanation for this could be found in the distinction between OCD and obsessive-compulsive personality disorder (OCPD). For example, Jager et al. (2020) found OCD and OCPD to be comorbid with misophonia, but at a different level: 2.8% of the patients had comorbidity with OCD, while 26% had comorbid symptoms of OCPD. This former prevalence is only slightly higher than population prevalence for OCD (1.6%; den Braber et al., 2016), but the latter is a substantial increase for OCPD [7.8% in the US; (Grant et al., 2004)]. However, to date no GWAS of OCPD has been performed, precluding its use in the current analysis. Nevertheless, the finding that misophonia clusters with psychiatric disorders and related personality dimensions seems to support it either as a highly specific variant of OCPD or a separate personality disorder with strong comorbidity.

Finally, a surprising result was the negative genetic correlation with Educational Attainment, which was significant after correction (rG = −0.18, p = 3.1 × 10–7). Educational Attainment is well-known to correlate with many psychiatric disorders, in part as a non-cognitive indicator of environment or SES (Abdellaoui et al., 2019; Demange et al., 2021). The pattern of genetic correlations of misophonia closely mimicked that of MDD, that also showed a small but significant negative correlation with educational attainment. In addition, MDD showed a stronger association with the non-cognitive variance in educational attainment than the cognitive variance (Demange et al., 2021; Figure 4). Again, this resonates well with the interpretation of non-cognitive variance in educational attainment as personality related. Another indicator for socioeconomic status—the Townsend Index—did not correlate with misophonia. We therefore do not expect that socioeconomic environmental factors play a substantial role in misophonia symptoms.

The results of the graph clustering concurred with the hierarchical clustering observed in Supplementary Figure 2, placing it in a cluster with MDD, PTSD, Guilt, Nerves, Happiness, Loneliness, Neuroticism, and Anxiety. Monte-Carlo resampling of the genetic correlation matrix showed that this clustering was highly consistent (>95%). This leads us to the conclusion that misophonia may be classified as a psychiatric disorder related to MDD and PTSD, with contributing personality dimensions in the guilt/neuroticism spectrum. In addition, personality dimensions from the irritability cluster contribute to the disorder to a lesser degree. Consistent with the genetic correlation analyses—but inconsistent with clinical observations (Jager et al., 2020)—impulsive disorders/traits like aggression and ADHD do not cluster with misophonia.

The main limitation of the current study is the fact that the GWAS of misophonia was based on a self-reported symptom of misophonia rather than a case-control study of misophonia. In addition, the GWAS sampled a common symptom of misophonia with anger as a primary response (Jager et al., 2020; Norris et al., 2022). Most research groups seem to agree that misophonia is independent of the overt expression of anger as a primary emotional response (Jager et al., 2020; Norris et al., 2022; Siepsiak et al., 2022; Vitoratou et al., 2022). However, many groups also include a wider variety of primary emotional responses than irritability or anger (anxiety, panic) (Vitoratou et al., 2022). Although it is currently unknown whether these other emotional misophonia responses would reveal a similar pattern of genetic correlations, it may be argued that the genetic makeup—and therefore its underlying neurobiological determinants—should not vary too much with emotional response as this may point to different underlying neurobiological determinants that contribute to misophonia formation and maintenance. With the aid of GWAS of multiple symptoms, future studies may investigate whether different symptoms in misophonia result in different genetics.

A further limitation is the availability of published GWAS, which is currently lacking in analyses of psychiatric personality disorders such as OCPD, and of (cognitive) symptoms of inflexibility and perfectionism as part of the part of the OCPD spectrum. In addition, GWAS of the disorders phonophobia and hyperacusis are lacking. As more GWAS become available, future studies could investigate whether individual differences in sympathetic nervous system functioning and functional connectivity between auditory and limbic systems are related to misophonia. Moreover, it could be established whether the overlap is similarly responsible for the genetic overlap with PTSD.

On a methodological note, participation in the UK Biobank and 23andMe participation may come with a participation bias, likely selecting on higher educational attainment. This selection bias may limit the generalizability of the results to the more educated part of the population. In addition, the study by 23andMe was restricted to EU ancestry. This limited ancestry limits the generalizability of the results, however, restriction the analyses to EU was required for genetic correlation analyses. Explicitly limiting ancestry opens up the possibility to investigate the transferability of misophonia genetics to other populations, for example, by polygenic scoring in misophonia case-control designs in populations of African (-American) or Asian descent. These biases may result in spurious associations, known as collider bias. These biases are inherent to most studies, and could be addressed in the future by matching bloodspot genetic data to hospital records (see e.g., Pirastu et al., 2021).

To summarize, our results showed significant effects of several SNPs on a typical misophonia symptom, the hatred for chewing sounds. The TENM2, TMEM256, NEGR1, and TFB1M genes are candidates for mediating the effects, as well as GABA genes that are located near the TENM2 gene on chromosome 5. Genetic correlation analysis suggested that misophonia is not merely a sensory disorder related to sensory trauma or hearing loss, although it does have shared genetic etiology with tinnitus. Misophonia is related to personality traits in the neuroticism/guilt cluster, and, to a lesser degree, to the irritability/sensitivity cluster. Finally, misophonia shares genetic etiology with PTSD, MDD, and anxiety disorders. Our conclusion may aid DSM classification and could suggest that different therapy approaches are possible for patients classified on the contributing personality dimensions. To further strengthen this conclusion, more research is needed, and the number of GWAS needs to be extended.
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Clinical observations of hundreds of patients who exhibited decreased tolerance to sound showed that many of them could not be diagnosed as having hyperacusis when negative reactions to a sound depend only on its physical characteristics. In the majority of these patients, the physical characteristics of bothersome sounds were secondary, and patients were able to tolerate other sounds with levels higher than sounds bothersome for them. The dominant feature determining the presence and strength of negative reactions are specific to a given patient's patterns and meaning of bothersome sounds. Moreover, negative reactions frequently depend on the situation in which the offensive sound is presented or by whom it is produced. Importantly, physiological and emotional reactions to bothersome sounds are very similar (even identical) for both hyperacusis and misophonia, so reactions cannot be used to diagnose and differentiate them. To label this non-reported phenomenon, we coined the term misophonia in 2001. Incorporating clinical observations into the framework of knowledge of brain functions allowed us to propose a neurophysiological model for misophonia. The observation that the physical characterization of misophonic trigger was secondary and frequently irrelevant suggested that the auditory pathways are working in identical manner in people with as in without misophonia. Descriptions of negative reactions indicated that the limbic and sympathetic parts of the autonomic nervous systems are involved but without manifestations of general malfunction of these systems. Patients with misophonia could not control internal emotional reactions (even when fully realizing that these reactions are disproportionate to benign sounds evoking them) suggesting that subconscious, conditioned reflexes linking the auditory system with other systems in the brain are the core mechanisms of misophonia. Consequently, the strength of functional connections between various systems in the brain plays a dominant role in misophonia, and the functional properties of the individual systems may be perfectly within the norms. Based on the postulated model, we proposed a treatment for misophonia, focused on the extinction of conditioned reflexes linking the auditory system with other systems in the brain. Treatment consists of specific counseling and sound therapy. It has been used for over 20 years with a published success rate of 83%.
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1. Introduction


1.1. General comments

The concept of misophonia was first proposed in 2001 (Jastreboff and Jastreboff, 2001a,b), defined as a disorder characterized by abnormally strong negative reactions to patterns of sound specific for a given patient (a full definition of misophonia is presented in Section 4). Importantly, this definition did not assume any specific etiology or mechanism of misophonia.

During the last decade, another approach to misophonia has been proposed, postulating that misophonia is a psychiatric disorder. While the same name, misophonia, was used, it was defined in an entirely different manner. This started confusion as to what misophonia is, which led to an inconsistent selection of study participants, influenced proposed treatments, and had an impact on the criteria used for the outcome measures. Consequently, this significantly hindered the progress of research and development of effective methods of misophonia treatments.

The proposed 2001 definition of misophonia distinguished misophonia from hyperacusis, which causes similar or even identical negative reactions evoked by sound. However, hyperacusis is clearly a separate problem of sound tolerance, and it most likely involves different mechanisms from misophonia and requires specific treatment (Henry et al., 2022). Other existing definitions of misophonia do not consider hyperacusis. Consequently, this negatively affects conclusions and influences future studies of misophonia since people with hyperacusis are not excluded from groups of subjects researched or treated for misophonia. The most recent attempt to reach a consensus regarding the definition of misophonia resulted in an article representing the opinion of a group of experts (Swedo et al., 2022); however, the issue of hyperacusis was disregarded.

This study focuses on clarifying some misconceptions and controversies related to misophonia. The primary goals of the study are as follows: (1) To describe the origin of the concept and supporting data leading to the definition of misophonia as proposed in 2001 and discuss problems arising from incorrectly using the literal translation of the individual components of the new word “misophonia” to define this phenomenon and (2) to summarize the main observations accumulated during more than 30 years of treatment of patients with decreased sound tolerance in clinical practice, which justifies the proposed approach to diagnose misophonia and differentiate it from hyperacusis.

The secondary goals of the study are to present the justification of a potential model and the mechanism of misophonia. The model resulted from combining observations obtained from patients and the basic knowledge of neuroscience. Furthermore, the article briefly outlines treatment based on the neurophysiological model of tinnitus and decreased sound tolerance, known as tinnitus retraining therapy (TRT), modified to include treatment for misophonia as well. The reported high clinical effectiveness of this treatment supports the proposed mechanism of misophonia. At the end of the article, directions and specific projects for future work are outlined.

All presented data and results of the treatment come from the clinical population of patients seeking help for bothersome decreased sound tolerance. All rules applicable to clinical work have been followed, and there was no selection of incoming patients, and evaluation and treatment were aimed at helping patients with reported problems. No attempts to conduct a research trial have been made. One limitation of this approach is that while a wide range of misophonia severity was observed, no subjects with very low levels of misophonia were present, which limits the extension of our observation to the general population of subjects with misophonia.



1.2. History of developing the concept of misophonia

It has been recognized for a long time that some people have a problem with tolerating sounds and exhibit negative reactions to ordinary sounds that do not evoke such reactions in an average listener. Various terms have been used to describe this condition, such as hyperacusis (Vernon and Press, 1998), recruitment, and decreased sound tolerance (DST), with hyperacusis being used most frequently (Baguley and McFerran, 2010; Jastreboff and Jastreboff, 2014b; Henry et al., 2022). This phenomenon may be related to various medical problems (e.g., migraine, autism, and Williams syndrome) (Van Borsel et al., 1997; Anari et al., 1999; Jastreboff and Jastreboff, 2001b, 2002, 2014b, 2018; Jastreboff and Hazell, 2004; Levitin et al., 2005; Formby, 2007; Formby et al., 2007; Hawley et al., 2007; Sheldrake et al., 2015; Pires et al., 2021), or it may affect a person without any identifiable etiology.

The definition of any disorder should be independent of its etiology; it should be specific, selective, and sensitive. These principles are generally recognized, and the term “idiopathic” (i.e., unknown) is used for disorders where the cause and origin have no known explanation.

Consequently, we proposed “to define DST as present when a subject exhibits negative reactions following exposure to sound that would not evoke the same response in an average listener” (Jastreboff and Jastreboff, 2002, 2014b). In this article, the above definition is used.

Until 2001, two forms of DST have been commonly recognized: hyperacusis and phonophobia. Hyperacusis is considered an auditory disorder, diagnosed, and treated by otolaryngologists and audiologists. It is defined in ICD-10 (code H93.23) as “an abnormally disproportionate increase in the sensation of loudness in response to auditory stimuli of normal volume. Cochlear diseases, vestibulocochlear nerve diseases, facial nerve diseases, stapes surgery, and other disorders may be associated with this condition” (https://www.icd10data.com/).

Phonophobia is considered to be either an auditory disorder or, typically, a psychological disorder—phobic anxiety disorder or specific phobia (code ICD-10-CM Diagnosis Code F40.298). “Phonophobia is defined as a persistent, abnormal, and unwarranted fear of sound.” It falls into the category of phobic anxiety disorders (code ICD-10-CM F40-F48) characterized by “a strong, irrational fear of something that poses little or no actual danger” (https://www.icd10data.com/). Hyperacusis has been and is still predominantly treated by audiologists and otolaryngologists. Phonophobia is treated mainly by psychologists but sometimes by psychiatrists and occupational therapists.

For over a decade (1990–2001), we have diagnosed and treated over 800 patients with DST at the University of Maryland at Baltimore and then at Emory Tinnitus and Hyperacusis Center, Atlanta, Georgia. All patients underwent comprehensive medical (performed by an otolaryngologist) and specific audiological evaluations. The evaluation and treatment of patients have been homogeneous, following the protocols of tinnitus retraining therapy (TRT) (Jastreboff and Hazell, 2004). No preselection of patients was done, and all patients with tinnitus and/or DST were seen, evaluated, and treated. As the center was mainly advertised as a tinnitus center, nearly all patients had bothersome tinnitus. Nevertheless, 66% of them reported problems with DST (Jastreboff and Jastreboff, 2002).

Results from 149 consecutive patients seen at the University of Maryland and Emory Tinnitus and Hyperacusis Center confirmed a high prevalence of DST in patients with tinnitus (Jastreboff and Jastreboff, 2002). In the discussed population of patients, 57.0% were diagnosed with misophonia and 29.7% with hyperacusis (Jastreboff and Jastreboff, 2002).

Accumulated observations pointed out that the majority of patients with DST did not fit into the definition of hyperacusis or phonophobia. These patients showed negative reactions to specific individual patient sounds while being able to tolerate other even much louder sounds which precluded classifying them as having hyperacusis. There was nothing particular or specific about the sounds themselves. “Specific/particular” is directed to the relation of “a sound” to “a patient,” i.e., bothersome sounds are particular for a given patient. Examples of a broad variety of reported sounds are presented in Table 1. These patients have not experienced fear, which precluded classifying them as having phonophobia.


TABLE 1 Sounds reported by our patients as evoking negative reactions.
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To create a name for this newly recognized disorder, we asked an expert in the Greek language to provide us with a list of prefixes indicating something negative, which could be added to the word “phonia” (meaning voice, sound) to create a term labeling aforementioned patients. Specifically, in the situation when a subject exhibits negative reactions to particular for her/his patterns of sound, with acoustical strength (energy) of sound being irrelevant or of secondary importance. From the list, we selected the prefix “miso” which means “hate” in Greek.

Translating “misophonia” literally as “hatred of sound” is incorrect as is translating “chromatography” to “color drawing!” Regretfully, some professionals used this literal translation and started to promote the idea that a characteristic feature of misophonia is the hatred of sound. It was never our intention, and we have never used misophonia in this literal manner.

Similarities and differences between patients with hyperacusis vs. patients with misophonia suggested which characteristics should be used to identify patients with misophonia and differentiate them from patients with hyperacusis and patients with other medical disorders. Findings described below are the same as subsequent observations of our patients seen at Emory (after 2001), other audiological practices, and at the clinic of JHDF, Inc. (results in preparation). Our patients represented the whole range of severity of hyperacusis or misophonia from mild to very severe. All patients have sufficiently bothersome misophonia or hyperacusis to ask for help.

Interestingly, reports in the literature indicate that misophonia is present in William's syndrome and not hyperacusis, e.g., “a very striking characteristic is the hyperacusis or over-sensitivity to particular sounds” (Van Borsel et al., 1997) and “among people with WS, we found relatively few reports of true hyperacusis (the lowered threshold for soft sounds) or auditory fascinations/fixations, whereas 80% reported fearfulness to idiosyncratically particular sounds” (Levitin et al., 2005).

Some of our patients have autism, and the evaluation of their DST strongly supports that they have misophonia and not hyperacusis (Aazh et al., 2014; Jastreboff and Jastreboff, 2014a).




2. Diagnosis

The insightful analysis of various subcategories of decreased sound tolerance, including hyperacusis and misophonia, has been recently published (Henry et al., 2022). In defining misophonia and differentiating misophonia from other disorders, it is crucial to identify both its unique attributes, as well as features shared with other disorders, particularly common with hyperacusis. Misophonic triggers cover a wide variety of sounds with different spectral energy and without the indication of the preferred range of frequencies or the range of sound energy (Jastreboff and Jastreboff, 2014b; Jager et al., 2020; Hansen et al., 2021; Vitoratou et al., 2021; Henry et al., 2022). It is important to recognize that the physical strength of misophonic triggers—their loudness—may play some role, but only secondary. This reflects the general principle that a stronger stimulus evokes a stronger and/or faster reaction (Palmer et al., 2005; Causer et al., 2013). The reaction to a misophonic trigger is only weakly related to its strength; nevertheless, the trigger of higher intensity will tend to evoke a stronger reaction due to this general principle. This dependence is, however, a dominant feature in hyperacusis.

Notably, specific patterns and meanings of sound are commonly observed in misophonia, e.g., sounds created by humans (eating, breathing, and voices) which may have different frequency ranges and intensities but have similar meanings. This is in strong contrast with hyperacusis, where the intensity of the sound plays a crucial role (Jastreboff and Jastreboff, 2014b; Henry et al., 2022). In addition, one of the characteristic features of hyperacusis is the negative reactions to high-pitch sounds (Jastreboff and Jastreboff, 2014b; Sheldrake et al., 2015), disregarding how and where they are produced. The pattern and meaning of sound do not play any clear, significant role.

Negative reactions to sounds among patients with hyperacusis and misophonia are similar and frequently identical (Table 2). Importantly, many of these reactions were the same as in patients with tinnitus or other chronic medical disorders (e.g., back pain, cancer, and general sensory over-sensitivity) (Jastreboff and Jastreboff, 2014b). Thus, reactions to sound cannot be used exclusively as a characterizing/discriminating factor for identifying patients with misophonia and for separating patients with misophonia from patients with hyperacusis.


TABLE 2 Negative reactions frequently reported by patients with misophonia or hyperacusis.
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Our observations showed that factors related to the type of reactions (e.g., patient's psychological profile or rarely observed presence of psychiatric disorders) were of no significance for discrimination between patients with misophonia and hyperacusis or patients with tinnitus. The main distinguishing factor was the discrepancy between acoustical features (energy) carried by a sound and the extent of negative reactions observed in patients with misophonia. Furthermore, there is a dependence of reactions on the person who is generating a bothersome sound and the environment where that sound is presented. In contrast, in hyperacusis, there is a positive relationship between sound's energy and the extent of negative reactions; the meaning of a sound will be irrelevant. If the presence and extent of negative reactions depend on who is generating the sound and the environment in which it is produced, it excludes hyperacusis.

Importantly, the audiological evaluation does not allow for discrimination between misophonia and hyperacusis as lower than normal values of loudness discomfort levels (LDLs) can exist in both disorders. While low (below 90 dB HL) LDLs values are needed for the diagnosis of hyperacusis, they are not a characteristic feature of misophonia. It has been shown that LDL values and patients' ratings of decreased sound tolerance are poorly correlated (Anari et al., 1999; Jastreboff and Jastreboff, 2014b, 2018; Zaugg et al., 2016; Henry et al., 2022). There is a building consensus that LDL should not be used to diagnose the presence of hyperacusis or misophonia and that specific, detailed questionnaires are necessary. Therefore, a detailed interview aimed at finding discrepancies between the acoustical characterization of bothersome and not bothersome sounds is essential. Unfortunately, there are no generally accepted, validated questionnaires, neither for hyperacusis nor misophonia (Henry et al., 2022).

Additional help in the diagnosis of misophonia is provided by comparing the shape of the audiogram and the shape of LDL curves, which typically exhibit parallelism of shapes between the audiogram and LDLs for misophonia. There is a lack of this relation for hyperacusis (Jastreboff and Hazell, 2004). A detailed description of diagnostic protocols is currently in preparation.

The characteristics described above delineate the situation of pure misophonia and pure hyperacusis. Clinical observations show that misophonia and hyperacusis frequently coexist (Jastreboff and Jastreboff, 2002, 2014b) but need to be treated concurrently (Jastreboff and Jastreboff, 2012, 2014b).



3. Current status in the field of misophonia

Research, both basic (oriented toward delineating mechanisms of misophonia) and aimed at searching for effective treatments for this disorder, is strongly hindered by a lack of consensus on the definition of misophonia (Swedo et al., 2022). Consequently, there is a lack of an established, validated method for identifying the presence, diagnosis, and assessment of misophonia severity. Currently, since various groups use different rules to identify patients with misophonia based on different definitions (and various postulated etiologies), it is difficult to combine research and clinical data as subjects studied/treated by different centers do not represent the homogenous population of patients with misophonia but, rather, various patient sub-populations and “comparisons between study cohorts are not possible” (Swedo et al., 2022).

Importantly, the results of reported studies are corrupted by the lack of exclusion from the evaluated group of subjects with hyperacusis. This is a significant issue because while reactions of hyperacusis and misophonia to bothersome sounds are similar (even identical), clinical results show that treatment effective for hyperacusis is not working for misophonia (Jastreboff and Jastreboff, 2012, 2014b), indicating different mechanisms of these two disorders. It has been observed that hyperacusis is seen in patients with misophonia (Henry et al., 2002; Jastreboff and Jastreboff, 2002; Swedo et al., 2022) and that “for any given individual, the symptoms of misophonia should not be better explained by any co-occurring disorders” (Henry et al., 2002). Since in hyperacusis, symptoms are very similar or even identical to that observed in misophonia, therefore, for research and treatment, patients with hyperacusis should be excluded and investigated separately from patients with misophonia only.

The danger of ignoring this problem has been clearly demonstrated with tinnitus when an article published by a highly respectable group presenting the results of an imaging study postulating changes related to the presence of tinnitus turned out to describe the effects of hyperacusis present in some of the studied subjects, the existence of which was not considered (Melcher et al., 2000). Subsequently, these results have been withdrawn after an overlooked contribution of hyperacusis has been taken into account (Melcher et al., 2009; Gu et al., 2010).

The situation is further complicated by a push toward determining presumed etiology before establishing a definition. To create a definition of a disorder, it is not necessary to know its etiology, and therefore, the term “idiopathic” is used in many cases (e.g., idiopathic intracranial hypertension, idiopathic ventricular tachycardia, idiopathic sudden sensorineural hearing loss, and Ménière's disease) (Altemose and Buxton, 1999; Ciccone et al., 2018; Rehder, 2020; Desiato et al., 2021; Dai et al., 2022; de Cates and Winters, 2022; Marchioni et al., 2022).

Proposing a specific etiology before constructing a definition is premature and may have a detrimental effect. Unfortunately, this danger is clearly visible in misophonia when professionals from various fields impose criteria for identifying misophonic subjects based on presumed etiology. Currently, there are two, contrasting approaches to misophonia as highlighted in Swedo's study (Swedo et al., 2022): first, “medical” (Jastreboff and Jastreboff, 2002, 2015; Edelstein et al., 2013; Cavanna and Seri, 2015) and second, “psychiatric” (Schroder et al., 2013). The consensus committee concluded that at the moment, there is no sufficient evidence to select one of these approaches over the other, but “that underlying organic etiology of the disorder cannot be ruled out” (Swedo et al., 2022).

Such a situation creates an additional problem—specialists from classical medical fields (e.g., otolaryngologists) assess the severity of the problem using characteristic features of the disease (e.g., as for evaluating tinnitus severity), while professionals from mental health fields tend to use questionnaires aimed at reactions evoked by disease and its impact on life.

A classic example of the detrimental effect of imposing unproven etiology is the history of Ménière's disease. It was proposed over 40 years ago that the etiology of Ménière's disease (symptoms: vertigo, nausea, loss of hearing, tinnitus, and loss of balance) is increased pressure of the endolymph in the inner ear (“endolymphatic hydrops”). Since then, practically, all animal research and clinical treatments, including popular endolymphatic shunt surgery, were based on this concept. Recent studies, including clinical blind studies, have shown that Meniere's disease should not be based on the endolymphatic hydrops theory (Thomsen et al., 1981a,b, 1998; Bretlau et al., 1984; Merchant et al., 2005; Devantier et al., 2019). Unfortunately, because of the postulated incorrect etiology, decades of research became useless, and many patients underwent serious operations which were not better than placebo.



4. Definition of hyperacusis and misophonia based on observations of patients with DST, without postulating any specific etiology

Based on the observations described above, the following definition of misophonia and hyperacusis has been proposed in 2001 (Jastreboff and Jastreboff, 2000, 2001b) and has been reiterated in 2014 (Jastreboff and Jastreboff, 2014b).

Hyperacusis is defined as present “when negative reactions to a sound depend only on its physical characteristics (i.e., its spectrum and intensity). The sound's meaning and the context in which it occurs are irrelevant.” “For example, a patient will react identically to the sound of a knife hitting china in any situation or setting. This individual also will react negatively to all other high-intensity sounds.” (Jastreboff and Jastreboff, 2014b).

“Misophonia is present when an abnormally strong reaction occurs to a sound with a specific pattern and/or meaning to an individual. The reaction may depend on the environment where the offensive sound is presented. The physical characteristics of the sound are secondary. Indeed, the strength of the misophonic patient's reaction is only partially determined by the sound's physical characteristics. Frequently, a person with misophonia will respond strongly to a soft sound of a specific pattern (e.g., a voice, the sounds of eating) but not react to other, much louder sounds (e.g., loud music). Furthermore, the individual may react to a given sound in one setting (such as in his or her home) but not react to the same sound in another setting (such as in the home of a friend). The patient's negative reaction to the sound depends on nonauditory factors such as his or her previous evaluation of the sound on the belief that the sound is a potential threat or that exposure to it will be harmful. The sound may be associated with a previous negative experience. The patient's psychological profile and the context in which the sound occurs are important as well.” (Jastreboff and Jastreboff, 2014b).

It is proposed that DST is a summation of the effects of misophonia and hyperacusis. No other conditions or restrictions other than the ones listed above were imposed on deciding whether a patient has misophonia or hyperacusis. In this approach, phonophobia is considered a specific case of misophonia when fear is the dominant emotion.

Unfortunately, the definition of misophonia proposed in Swedo et al.'s study describing the Delphi method (Swedo et al., 2022) is insufficiently specific and selective and does not discriminate misophonia from hyperacusis.



5. Reasoning leading to the neurophysiological model of misophonia and hyperacusis

While proposed behaviorally based definitions do not assume any specific etiology, it is possible to speculate which physiological mechanisms are involved and responsible for these two phenomena based on the observed features of patients with misophonia and hyperacusis. Discussion yielding a proposed model and presumed mechanisms of hyperacusis and misophonia have been published in detail already (Jastreboff and Jastreboff, 2014b, 2018), and only the main points are presented here.

In hyperacusis, the dependence of the presence and strength of negative reactions on the acoustical characterization of bothersome sounds highlights that a crucial part of the mechanism of hyperacusis is within auditory pathways. Furthermore, the irrelevance of the meaning of bothersome sounds and the high level of repeatability of reactions indicates that the subconscious part of the auditory pathways plays a dominant role. The term “subconscious” is used to denote part of the brain which is outside of the conscious control of a person. Responses evoked by this part of the brain are automatic, involuntary, fast, and governed by principles of conditioned reflexes.

Therefore, hyperacusis reflects an abnormally strong reactivity of the subconscious part of the auditory pathways to sound, which in turn yields the activation of the limbic and autonomic nervous systems (Figure 1). Notably, proposed mechanisms of hyperacusis have been incorporated from the beginning in the neurophysiological model of tinnitus and in TRT, with hyperacusis being crucial for patients' classification and treatment (Jastreboff and Hazell, 1993, 2004; Jastreboff, 1995), but for brevity, “hyperacusis” was not included in the title.


[image: Figure 1]
FIGURE 1
 Proposed mechanisms of hyperacusis. The red oval marks subconscious centers of the auditory pathway with increased gain, resulting in the over-amplification of neuronal activity evoked by bothersome sounds. This over-amplification is postulated to be responsible for hyperacusis. Red arrows show the spread of the enhanced neuronal activity, yielding the overactivation of the limbic and autonomic nervous systems, which are dominant in the generation of negative reactions.


In the case of misophonia, the irrelevance of acoustic characterization of misophonic triggers shows that the auditory system plays a secondary role and works typically within the norms. The association of certain sounds with strong reactions plays a dominant role and indicates that functional connections between the auditory, limbic, and autonomic nervous systems are enhanced for specific patterns of sound (Jastreboff and Hazell, 2004; Jastreboff and Jastreboff, 2004, 2013).

There is a broad variety of misophonic triggers described in the literature (Jastreboff and Jastreboff, 2014b; Jager et al., 2020; Hansen et al., 2021; Vitoratou et al., 2021). It is postulated that the dominant feature of misophonic triggers is their meaning and the association of a misophonic trigger with a subject's past experience (including an association with a specific person, place, or situation), and what is in our model explained by invoking the concept of complex conditioned stimuli. This concept shifts the focus from a single, physical stimulus to a complex one involving other dimensions, e.g., other elements of a sensory scene which includes a misophonic trigger as a part of the scene, personal relations to the person generating sounds, and the ability to control the environment (Jastreboff and Jastreboff, 2014b). Furthermore, the concept of complex conditioned stimuli can explain why certain classes of sound have a higher probability of being misophonic triggers, or why typically sounds made by members of a close family are more bothersome than the same sound produced by strangers. It also explains the observation that when patients with misophonia do not attribute a sound of misophonic triggers to its original source, it generates lower levels of negative reactions—if the physical characterization of the misophonic triggers alone was a determining factor, the reactions would be the same. We are utilizing this concept in one of the protocols for misophonia treatment [protocol (4); its basis is outlined in Jastreboff and Jastreboff (2014b)].

Connections between the auditory and the limbic and autonomic nervous systems involve both the conscious, cognitive part of the brain, and the subconscious paths, with the subconscious paths governed by the principle of conditioned reflexes. The observation that most patients realize that misophonic triggers are not dangerous per se and that their reactions are disproportionate to the acoustical characteristics of these sounds and their meaning suggests that conscious analysis plays a secondary role. Furthermore, the response to misophonic triggers is fast, supporting a dominant role of the subconscious connections and the lack of the need for conscious analysis and evaluation of these sounds (Jastreboff, 2008; Jastreboff and Jastreboff, 2018). As a result, even if a person fully understands that a given sound is not dangerous or threatening, strong negative reactions are still evoked. Mechanisms postulated for misophonia are presented in Figure 2.
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FIGURE 2
 Proposed mechanisms of misophonia. The thick red arrow in the red oval marks the functional linking of the subconscious part of the auditory system with the limbic and autonomic nervous systems, postulated to be responsible for misophonia. All systems in the brain could be working within the norm. Other symbols are described in Figure 1.


Proposed mechanisms of misophonia are supported by the results of physiological investigations by Edelstein et al. (2013). The authors found experimental evidence that misophonia produces distinct autonomic effects and suggested that mechanisms of misophonia involve aberrant functional connections between the auditory and limbic systems. Interestingly, pain reported by some patients with misophonia can be created by an overactivated autonomic nervous system, which causes the activation of the tensor tympani muscle (Jastreboff, 2010; Jastreboff and Jastreboff, 2013), yielding tensor tympani syndrome (e.g., fullness, pulsation, and ear pain) (Klochoff, 1979). Tensor tympani syndrome is frequently observed in patients with misophonia, and the treatment of misophonia results in its elimination (Jastreboff and Jastreboff, 2013, 2014b, 2018).

In summary, misophonia reflects abnormally strong reactions of the autonomic and limbic systems resulting from enhanced functional connections between the auditory, limbic, and autonomic systems for particular for a given patient patterns of sound. It should be noted that there is nothing particular or specific about the sounds themselves, and any sound can become a bothersome misophonic trigger. “Specific/particular” is directed to the relation of “a sound” to “a patient,” i.e., bothersome sounds are particular to a given patient.

In the proposed mechanisms of DST, it is postulated that in both misophonia and hyperacusis, the subconscious brain plays a dominant role, and for misophonia, the subconscious conditioned reflexes are of crucial importance.

Note that in the proposed neurophysiological model of DST, other systems in the brain are not excluded and may play a role. However, applying Ocam's razor principle, the simplest explanation which is sufficient to explain observed phenomena should be used. Therefore, only the limbic and autonomic nervous systems, which we believe cannot be excluded and which play a crucial role, are highlighted in the model.

Other brain systems could be included and should be considered while investigating mechanisms of misophonia (Kumar et al., 2017, 2021; Brout et al., 2018; Schroder et al., 2019).



6. Proposed treatments of misophonia and hyperacusis based on the model and its results


6.1. Reasoning yielding proposed treatment

The delineated neurophysiological model creates a basis for proposed mechanism-based treatments for hyperacusis and misophonia (Jastreboff and Jastreboff, 2014b, 2018). Both treatments follow the principles of TRT and involve counseling and sound therapy. Despite similarities, the implementation of counseling and sound therapy differs substantially between these two disorders. Our clinical experience shows that treatment which is effective for hyperacusis is not helpful for misophonia (Jastreboff and Jastreboff, 2012, 2014b).

Since in hyperacusis, it is postulated that the problem arises from an abnormal increase of gain within subconscious auditory pathways, treatment aims at decreasing this gain utilizing desensitization procedures. Therefore, counseling and sound therapy focus on mechanisms of general desensitization to sound provided by constant, 24/7 exposure to neutral sound, and the general enrichment of environmental sounds.

Treatment for misophonia differs from hyperacusis significantly and involves additional mechanisms not utilized for hyperacusis. As the problem arises from the creation of subconscious functional connections governed by principles of conditioned reflexes, both counseling and sound therapy work together to eliminate (or substantially weaken) these functional connections. They are expanded to include mechanisms and principles of active extinction of these conditioned reflexes, with stress on principles of generalization of stimuli and complex conditioned stimuli (Jastreboff and Jastreboff, 2014b). Sound therapy (while still implementing weakening neural representation of misophonic triggers by neutral sounds) focuses on creating a positive association to sound in general and on decreasing/removing negative reactions to misophonic triggers by purposefully creating and then modifying complex conditioned stimuli, which include misophonic triggers. Four classes of protocols with sound utilizations have been described (Jastreboff and Jastreboff, 2014b).

In most cases, misophonia and hyperacusis occur together wherein both of them need to be treated concurrently. As the treatment of misophonia is more complex, it requires more extensive counseling and takes more time than the treatment of hyperacusis (Jastreboff and Jastreboff, 2014b).



6.2. Overview of the clinical effectiveness of TRT

A total of 201 consecutive patients diagnosed with DST were treated with TRT (Jastreboff and Jastreboff, 2014b). All the patients underwent detailed audiological and medical clinical evaluation and treatment as described previously (Jastreboff and Jastreboff, 2000, 2003, 2014b; Henry et al., 2002).

A total of 184 (91.5%) patients exhibited misophonia with or without hyperacusis; of which, 17 patients (8.5%) had hyperacusis alone, and 56 patients (27.9%) had misophonia only. Detailed initial and follow-up interviews have been conducted with the help of structured interview forms (Jastreboff and Jastreboff, 1999; Henry et al., 2003). The criteria for evaluating patients' DST and treatment outcomes have been presented elsewhere (Jastreboff and Jastreboff, 2014b). The duration of all treatments (for misophonia, hyperacusis, and tinnitus) was set to be at least 9 months even if the patient showed clinically significant improvement in a shorter time. On average, patients exhibited a noticeable improvement after 3 months. The improvement progresses gradually over time, without the indication of saturation, even after reaching the level of clinically significant improvement.

A total of 165 out of 201 patients with DST showed a significant improvement (success rate of 82.1%). For misophonia with or without hyperacusis, 152 out of 184 patients showed a significant improvement (success rate of 82.6%) (Jastreboff and Jastreboff, 2014b). In some cases, both for misophonia and hyperacusis, it was possible to completely eliminate the problem (Jastreboff and Jastreboff, 2014b). Relapse is very infrequent based on the observation of patients over a period of up to 20 years (Jastreboff and Jastreboff, 2018).




7. Comments on other proposed approaches to misophonia and the issue of misophonia etiology

While for the definition of misophonia, the etiology and potential mechanisms involved in this phenomenon are irrelevant; however, based on postulated mechanisms, it is easier to conduct a research study of this disorder and propose a mechanism-based treatment. From this perspective, the question “Does misophonia belong to a field of otolaryngology, audiology, neurophysiology, neurology, psychology, or psychiatry?” is significant. A thoughtful analysis of the potential mechanisms of misophonia was presented by Palumbo et al. (2018).

The definition of misophonia has been proposed in 2001 (Jastreboff and Jastreboff, 2001a,b). In 2013, an article was published where misophonia was redefined and classified as a psychiatric disorder (Schroder et al., 2013). The authors proposed six stages of developing misophonia, based on the observation of 42 patients in their psychiatric center. These stages were considered to define misophonia: (1) human-made sounds create anger, (2) leads to a deep sense of loss of self-control, (3) anger is recognized as excessive, (4) misophonic triggers are avoided; otherwise, it results in intense discomfort and anger, (5) anger, disgust, and avoidance cause significant distress and interference with everyday life, and (6) this process cannot be explained by psychiatric disorders such as OCD or PTSD. Based on these criteria, a questionnaire to assess the presence and severity of misophonia has been proposed—Amsterdam Misophonia Scale (A-MISO-S) (Schroder et al., 2013).

Our observation of over 800 patients with DST treated from 1990 to 2001 was in clear disagreement with those described by Schroder et al.: (1) Misophonic triggers are not exclusive sounds produced by humans, and while anger is sometimes present, it exists only in a portion of patients with misophonia; (2) some patients feel a loss of self-control, but aggressive outbursts happen in only a few patients, particularly the very young; (3) anger is not present in the majority of patients, and many patients believe that other people are behaving in an unreasonable/disrespectful manner, and their feelings/reactions are normal and justified; (4) avoidance is observed and is the same as in patients with hyperacusis; while indeed some reactions may be of intense discomfort, disgust, or occasionally anger, however, reactions frequently involve just annoyance or some degree of discomfort; and (5) negative reactions can be mild and not necessarily strong, and they do not have to include anger or disgust; they are the same for patients with tinnitus or hyperacusis.

Criteria proposed by Schroder to define and characterize misophonia are neither specific nor selective. Using these criteria, several other health problems (e.g., hyperacusis, tinnitus) could be classified as misophonia. In our opinion, the problem is that Schroeder's and other similar definitions are focused exclusively on dissecting reactions of patients with misophonia (which are not unique to misophonia) and are not addressing characteristic properties of misophonia, i.e., negative reactions are evoked by particular for a given patient's patterns of sound, with the occurrence and strength of reactions typically depending on a source and the environment in which the patient is exposed to misophonic triggers. Therefore, it seems that the definition proposed by Schroder et al. (2013) describes a subset of patients with misophonia and should not be applied to the general population of patients with misophonia.

There are additional observations arguing against the classification of misophonia as a psychiatric or psychological disorder. All patients based on which the concept of misophonia was proposed have been thoughtfully evaluated by otolaryngologists (45-min detailed, comprehensive medical evaluation), who were taking into account the potential comorbidity of psychological/psychiatric disorders and were ready to make proper referrals if needed. Extra attention has been paid to the presence of psychological or psychiatric problems as tinnitus has been anecdotally reported to lead to suicide.

Notably, it appears that the vast majority of our patients did not have any obvious psychological or psychiatric disorder. Indeed, while we have a few patients diagnosed with bipolar disorder, high levels of OCD, pre-existing depression, etc. (with or without misophonia), we encounter only a small proportion of patients with psychiatric or psychological problems requiring specialized attention. It should be noted that anxiety and depression are frequently encountered in patients and typically have been created or significantly enhanced after the emergence of tinnitus or DST, and therefore, patients were diagnosed with “situation-evoked” anxiety or depression. A vast majority of patients did not require specialized psychological/psychiatric treatment related to tinnitus, hyperacusis, or misophonia. Thus, while misophonia can exist in patients with psychiatric/psychological disorders, the presence of these disorders does not appear to be directly linked to misophonia. This argues against the postulate that misophonia or hyperacusis has a psychiatric basis and should be considered a psychiatric or psychological disorder.

Observations of lacking psychological/psychiatric differences between patients with misophonia, hyperacusis, and tinnitus have also been reported by Erfanian et al. (2019). Based on their results, they concluded that “Similar to misophonia, patients with tinnitus and hyperacusis tend to show abnormal scores on psychological assessment, indicating that they experience a high level of co-morbidity with symptoms of psychiatric disorders [33].” Furthermore, they highlighted the physiological mechanisms of situation-evoked depression: “However, depressive symptoms are the possible consequences of not only misophonia but also similar disorders such as hyperacusis and tinnitus [35]. Hence, the co-occurrence of depressive symptoms in misophonia can be explained by the activation of the survival reflex which declines the ability of a subject to enjoy daily activities [35]. Having said that, we do not suggest that depressive symptoms explain the misophonic symptoms, while the majority of our patients do not meet with[sic] the clinical criteria of depressive disorders (as also suggested by [2,3]).” (Erfanian et al., 2019).

The additional argument is that the TRT treatment of patients with misophonia yields 83% effectiveness, which to our knowledge is higher than other published results. This is based on the neurophysiological model of tinnitus and DST which does not involve a postulate of psychological or psychiatric mechanisms and does not use tools for treatment from the fields of mental disorders. Specifically, in a study presenting results of CBT for misophonia (Schroder et al., 2017) out of 90 patients, 48% showed improvement. In Jager et al. (2020) study evaluating the effectiveness of CBT in a randomized clinical trial, the authors used several scales and reported that 37% of their 54 patients showed statistical improvement (Jager et al., 2020). It is important to note that Jarger's study is so far the only publication that presents results of a randomized clinical trial (RCT) for misophonia while our results represent a Level IV of evidence (Series of Cases) and as such are not as strong as RCT (Level II) (Poehling, 2004; Burns et al., 2011; El-Gilany, 2018).



8. Discussion

In this study, the following topics are discussed: (1) definitions, (2) neurophysiological model of DST (both misophonia and hyperacusis) highlighting potential shortcomings arising from the current status of development in the field of misophonia, (3) critical assessment of the results of TRT treatment, and 4) lines of future works.


8.1. Definition of misophonia

As argued in Section 3, the lack of agreement on the cause(s), origin, or mechanism(s) of misophonia should be irrelevant to the proposed definition. Etiology, while helpful, is not crucial even for research or development of treatment methods. In fact, incorrect etiology can hinder the research and development of treatment.

The definition presented in this issue (Swedo et al., 2022), which represents the results of using the Delphi method to reach an expert agreement, is a very important step in the field of misophonia and creates the basis for further work toward refining the definition of misophonia, which would reach a consensus of professionals working in the field. “The Delphi method works on the assumption that group judgments are more valid than individual ones. The approach is an effective iterative process with repeated rounds of evidence evaluation and voting to determine a consensus among a group of experts with different knowledge and varying levels of expertise about a particular topic” (Swedo et al., 2022). Importantly, Swedo et al. made it clear that they do not attempt to postulate any specific etiology for misophonia (Swedo et al., 2022). Unfortunately, there are some points that raise concerns.

The creation of the definition seems to be biased toward delineating reactions, which are however not unique to misophonia. The characteristic feature of misophonia, i.e., reactions to complex stimuli, with the auditory component being important, but only one of the sensory dimensions involved in creating a misophonic trigger, has been underplayed. Whether a given sound is a misophonic trigger is highly dependent on patients' previous experience. In other words, patients with misophonia react to complex conditioned stimuli with their reactions dependent on their previous encounters with these sounds and not determined by acoustical characterization of misophonic triggers. Consequently, the definition of misophonia proposed in Swedo et al.'s (2022) study is not sufficiently specific and selective, and it does not discriminate misophonia from hyperacusis. Thus, it does not provide clear guidance for excluding subjects with hyperacusis while conducting misophonia research, treating patients, and creating new treatments specifically tailored to misophonia.

In the Delphi method, the composition of a committee is crucial (Swedo et al., 2022). Correcting the under-representation of professionals who are working with patients with misophonia on an everyday basis at a purely clinical level would be beneficial. This is evident while exploring the work and publications of the authors of Swedo et al.'s (2022) study.

All members of the committee were respected professionals in their fields. However, the majority of the committee's members deal with misophonia subjects in a research-oriented environment, with the selection of participants who classify for their definition of misophonia, or members who had limited clinical experience with patients with misophonia. Out of 15 voting members, over 50% have none or only one prior publication on misophonia; 80% had no publication, having the term “hyperacusis” in the title or abstract; 67% were psychologists or psychiatrists; only 33% had clinical experience with misophonia; and only 20% had clinical audiology background. These factors had repercussions on the familiarity with hyperacusis and created a bias toward psychological/psychiatric approaches.

Combined with a tendency of focusing on the etiology of misophonia and on arguing which professional category should be involved in working and providing clinical services to patients with misophonia created certain biases toward fields of psychology and psychiatry while ignoring the importance of hyperacusis. Moreover, it has been pointed out that it may be preferable for the Delphi process to not only include researchers and clinicians but also people who have misophonia (Henry et al., 2022).

In our opinion, proposed in the 2002 definitions of DST, hyperacusis and misophonia (Jastreboff and Jastreboff, 2002, 2014b, 2018) seem to fulfill the requirements for optimal definitions of a medical disorder. These definitions do not imply any etiology; they are broad enough to encompass all subjects exhibiting the given disorder, while at the same time, they are selective and sensitive. It is of particular importance that they allow for separating patients with hyperacusis from those with misophonia despite observations that the reactions of these two groups of patients are very similar, if not identical.



8.2. Proposed model of DST

The described model of DST (misophonia and hyperacusis) is supported by patients' observations. Importantly, treatment based on this neurophysiological model of DST has a high success rate with persisting improvement and without relapse (Jastreboff and Jastreboff, 2014b).

It is proposed that misophonia is based on subconscious conditioned reflexes linking the auditory system with other systems in the brain, particularly with the limbic and autonomic nervous systems (Jastreboff and Hazell, 2004; Jastreboff and Jastreboff, 2014b, 2018). Misophonic reactions can be developed to any type of sound and in any person—it is enough that certain sound(s) appear in a situation of a high level of emotional distress when the subject experiences pain or other negative sensations (e.g., as a result of hyperacusis or tensor tympanic syndrome, annoyance, or anxiety) or resulting from the subject associating a sound with something negative (e.g., a belief that a specific sound enhances tinnitus, produces a hearing loss, or is produced by a person who is perceived in a negative manner).

As such, misophonia (while it may significantly affect patients' lives) is not a pathological or psychological/psychiatric disorder. Occasionally, patients benefit from additional psychological treatment to address issues like stress, family problems, or obsession, but they are not a required, necessary part of our treatment. These treatments can be used as an adjunct, when needed, and then patients are referred to proper professionals.

Indeed, misophonia can be induced in any person by creating an association of some specific patterns of sound with negative reinforcement (some real examples from our patients: the sound of steps of a stepmother who was purposefully following a teenage patient to make his life miserable; the sound of kissing made by a sibling to irritate a patient, accompanied by negative comments; the clicking sound made by the claw of a cat walking over hard surfaces, where this particular patient disliked cats jumping on a table). Detailed interviews with over 1,000 patients with misophonia, and the clinical cases provided here, fully support the proposed model based on the involvement of subconscious conditioned reflexes as they describe examples of classical Pavlovian conditioning with some sound (acting as the conditioned stimulus) present when a subject is in a negative emotional state (acting as the unconditioned stimulus). The psychological profile of a patient as well as psychological or psychiatric problems (e.g., OCD) may influence the likelihood of misophonia emergence.



8.3. Critical assessment of the results of TRT treatment

Results obtained from 201 consecutive patients with DST showed an over 80% success rate without relapse (Jastreboff and Jastreboff, 2014b) and provided additional support to the presented model. However, we realize the limitations of reported results: 1) the lack of a control group, 2) the assessment of improvement was done based on Likert scales of our initial and follow-up questionnaires, and 3) results were not collected in a clinical trial and belongs to category case series (Level IV of clinical validity) (Poehling, 2004; Burns et al., 2011; El-Gilany, 2018).

Since the patients were not part of a clinical trial, there was no control group, e.g., “waiting list” as delaying treatment would be considered unethical. In reality, there was an unintentional “waiting list” as patients typically needed to wait at least a month to get into the treatment. There was no noticeable improvement noted during the period of waiting (observation based on the information provided in forms and questionnaires submitted by patients when they decided to enroll in the treatment).

Nevertheless, there are observations supporting the significance of the reported results: (1) cases were consecutive; (2) patients were treated in a uniform manner; (3) patients were followed for at least 2 years with multiple contacts at which the same structured interview was applied; (4) improvement had to be present on more than one scale; (5) some patients exhibited getting cured of misophonia and/or hyperacusis; (6) a substantial proportion of these patients who improved significantly with TRT treatment underwent unsuccessful treatment(s) by other professionals for several years (sometimes more than 10 years) for misophonia without improvement; and (7) results were highly statistically significant. These results cannot be explained by the placebo effect. Results from several hundred additional patients treated over subsequent years are in full agreement with those already reported (in preparation).



8.4. Proposed lines of future works

It is possible to suggest a certain sequence of investigations, which should be performed before going deeper into potential mechanisms of misophonia, and then work toward proposing new, mechanisms-based treatments. These investigations should allow for clarifying what misophonia is and what it is not.

The use of several, incompatible definitions of misophonia and various questionnaires, guided by different definitions, creates a situation where it is currently impossible to combine data from different studies and reach conclusions regarding the mechanisms of misophonia and its treatment. For example, if a questionnaire is based on an incorrect, literal interpretation of the name “misophonia” and the majority of questions involve “hate of sound,” this makes it invalid for the evaluation of misophonia as it only detects a specific subpopulation of patients with misophonia.

One of the crucial current problems is that reported data were collected from various sub-populations of patients who have misophonia with a bias created by an accepted definition of misophonia and its postulated etiology. Consequently, the selection of subjects in reported studies is not constant between published studies, and various particular groups of patients with misophonia were evaluated in a given study. Finally, in all these studies, subjects with hyperacusis have not been excluded and may incorrectly affect the results. This causes difficulty in deciding to what extent reported results are linked to misophonia.

We believe that it is necessary to first create a consensus on the definition based on clinical facts, unbiased by the theoretical model, without presuming the etiology of misophonia, and then create definition-based questionnaires for misophonia and hyperacusis. Only then it will be possible to indicate the potential etiology of misophonia and carry out works related to its mechanisms and treatments.

Considering the heterogeneity of patients evaluated by various groups, it is important to perform studies with an open acceptance of patients with DST, who exhibit negative reactions (of any kind) following exposure to sound that would not evoke the same response in an average listener. Next, subjects should be separated into hyperacusis and misophonia subgroups based on existing criteria for hyperacusis, and the results should be analyzed separately. An additional group of patients with tinnitus only should be recruited to provide a control group of patients who show similar emotional and autonomic reactions without exhibiting DST. These studies would allow for exploring the issue of comorbidity of other disorders, audiological description, and identifying characteristic features of the misophonic population.

The next set of studies could be focused on clarifying whether there are differences in patients' reactions and acoustic characterization of bothersome sounds by analyzing and comparing reactions to sounds reported by patients with misophonia to reactions reported by patients with hyperacusis.

A consensus is needed regarding the specificity of the reactions of the autonomic nervous system in evoking reactions observed in patients with misophonia. This can be clarified by performing studies oriented toward the analysis of the physiological manifestation of the excitation of the autonomic nervous system in patients with misophonia as compared with patients with hyperacusis and observed in patients with other chronic medical disorders. The expectation is that there will be no significant differences in autonomic reactions between patients who have only misophonia, or only hyperacusis, or other medical problems. If results confirm this prediction, then consequently, autonomic reactions cannot be used in the diagnosis of misophonia.

Knowledge of misophonia etiology is interesting, and the assessment of a potential psychological or psychiatric disorder is crucial for obtaining insight into this issue. The analysis of the prevalence of diagnosed psychological and psychiatric disorders in a group of subjects who have only misophonia, only hyperacusis, and only tinnitus, and comparing them with the prevalence observed in the population of subjects with chronic health problems are needed to clarify this issue. Furthermore, analyzing the potential correlations of specific disorders with an approximate assessment of the severity of misophonia, or hyperacusis, or tinnitus (as a control) will highlight which psychological and psychiatric disorders may play a role in misophonia. This approach has been effective in the field of tinnitus before the development of specific, tinnitus-oriented questionnaires.

Results obtained from the above-outlined studies should develop standardized protocols to diagnose misophonia and hyperacusis, with the creation of definitions-based questionnaires for misophonia and hyperacusis. Then, it should be possible to clearly differentiate the presence and severity of misophonia from other coexisting disorders. Having tools to assess specifically the presence and severity of misophonia would allow for the evaluation of the various therapeutical approaches by clinical trials.

Finally, it should be possible to embark on an investigation of physiological mechanisms, which are the basis of misophonia and hyperacusis. Knowledge gained in these investigations would allow for the proposal of new mechanism-based treatments for misophonia.
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Values in brackets show correlation coefficients of the group not identifying with misophonia. All values were significant at the 0.01 level (two-tailed), except where indlcated. ns, correlation is not significant.
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Valence Arousal

Contrast x2 value df p-value x2 value df p-value
Rating = Intercept — Rating = Phase + Intercept 195.67 4 <0.001*** 235.06 4 <0.001***
Rating = Phase + Intercept — Rating = Phase + Model + Intercept 17.30 2 <0.001*** 31.90 2 <0.001***
Rating = Phase + Model + Intercept — Rating = Phase + Model + MSS + Intercept 0.87 1 0.351 0.02 1 0.894
Rating = Phase + Model + Intercept — Rating = Phase x Model + Intercept 85.77 6 <0.001*** 51.94 6 <0.001***
Rating = Phase x Model + Intercept — Rating = Phase x Model x MSS + Intercept 6.76 12 0.873 8.46 12 0.748

All models included auditory tolerance threshold scores as covariates. Bold p-values indicate significant model comparisons. **p < 0.001.
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Miso Cat 0 Miso Cat 1 Difference: P-value ES and 95% CI
Mean (SD) Mean (SD) mean and 95% confidence
intervals (Cl)
PTA across ears 22 (156.5) 22.5(14) —0.61 0.78 —0.04
n=186 n=>58 (-4.91t03.7) (—0.33 t0 0.25)
Between-ears difference in PTA (dB) 6.8 (11) 9.0 (15.5) —2.2 0.31 -0.17
n=186 n=>58 (—6.61t02.2) (—0.47 t0 0.12)
ULLmin (dB HL) 79 (8) 74 (11) 5.0 0.006 0.56
n=145 n=46 (1.5t08.5) (0.22t0 0.91)
Between-ears difference in average ULL 1.9 (2.9) 2.7 (3.4) -0.8 0.18 -0.27
(dB) n=131 n=238 (—2.0t0 0.4) (—0.63 to 0.095)
ULL slope for right ears (dB) 3.8 (6.5 9(10.8) —5.1 0.006 —0.67
n=139 n=140 (—8.7to —1.6) (—=1.04to —0.29)
ULL slope for left ears (dB) 41 (6.7) 9.0 (10.4) —4.8 0.005 —0.62
n=138 n=44 (-8.2t0 —1.5) (—0.98to —0.26)
ULL slope averaged across ears (dB) 4.2 (6.1) 8.7 (9.4) —4.5 0.007 —0.64
n=132 n=238 (—7.8t0 —-1.3) (—=1.02 to —0.26)
HTL slope for right ears (dB) 21.7 (20) 15.4 (16) 6.2 0.017 0.33
n=189 n=258 (1.1t0 11.3) (0.08t0 0.63)
HTL slope for left ears (dB) 24.2 (20) 18.1 (15) 6.1 0.016 0.31
n=189 n=58 (1.1t0 11.0) (0.017 to 0.61)
HTL slope averaged across ears (dB) 23.0 (18) 16.8 (14) 6.2 0.007 0.36
n=188 n=>58 (1.8t0 10.6) (0.06 to 0.65)
TIQ score (0-21) 6.8 (4.9 13.7 (6.6) -7.0 < 0.0001 -1.3
n=131 n=39 (—9.2t0 —4.7) (—=1.7 to —0.86)
HIQ score (0-24) 5.7 (5.9 16.0 (6.8) —-10.3 < 0.0001 -1.7
=173 n=al (-12.41t0 -8.2) (—2.1to —1.28)
SAD-T score (0-12) 3(3.4) 7.54.1) —-4.5 < 0.0001 -1.3
n=195 n=>58 (5.7 t0 —=8.3) (-1.6t0 —0.92)
Age (years) 54.5 (17) 49.5(12) 5.0 0.014 0.31
n=198 n=>59 (1.0t0 8.9) (0.016 to 0.6)

The sixth column shows ES values based on Cohen’s d with 95% ClIs.
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Number of days bothered in 0-1 days 2- 6 days 7-10 days 11-14 days F-value ES

the last 14 days degrees of freedom (95%Cl)
p-value
Number (n)
ULLmin (dB HL) 80 (8.2) 77 (7.3) 74(7.8) 74 (13) 4.45 0.07
n=105 n=40 n=16 n=230 3,187 (0.007 to 0.13)
0.005
n =191
PTA across ears (dB HL) 23 (16) 20 (14) 20 (13) 24 (15) 0.59 0.007
n=187 n=49 =21 n=37 3, 240 (0t0 0.03)
0.62
n =244
HIQ score (0-24) 5.1(5.8 7.3(56.9 10.2 (6.5) 18.4 (5.4) 50.5 0.41
n=129 n=44 n=15 n=236 3,220 (0.3t00.48)
< 0.0001
n=224
TIQ score (0-21) 6.0 (4.8 8.8 (4.6) 9.8(5.4) 15.7 (6.9) 2558 0.31
n=94 n=237 n=13 n=26 3,166 (0.191t0 0.41)
< 0.0001
n=170
SAD-T score (0-12) 2.7 (3.3 4.1 (3.4 5.9(3.6) 8.5 (4.1) 29.6 0.26
n =146 n=49 =21 n=37 3,249 (0.16 10 0.34)
< 0.0001
n =253

The right-most column shows the outcomes of one-way ANOVAs with factor SSSQ4 score. The number of patients included in each analysis is indicated by n. Significant
p values are indicated in bold font. The seventh column shows ES values based on &2 with 95% Cls.
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PTA across TIQ score HIQ score SAD-T score ULL slope ULLmin HTL slope Age
ears

p=0.014 p=0.49 p=0.53 p=047 p=0.28 p=-0.29 p=-0.16 p=-0.15
p= 0.82 p < 0.0001 p < 0.0001 p < 0.0001 p = 0.0002 p < 0.0001 p= 0.015 p = 0.017
n =244 n=170 n=224 n =253 n=170 n=191 n =246 n=257

Each cell also shows the number of patients (n). Significant p values are indicated in bold font.
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Non-adjusted P-value Adjusted P-value
OR (95% CI) OR (95% CI)
n=120

Hyperacusis
No (ULLmin > 77 dB HL) 1.0 0.005 1.0 0.86
Yes (ULLmin < 77 dB HL) 2.45(1.3t04.6) 1.1(0.34 to 3.56)

n=191
Tinnitus impact category
No impact (TIQ score < 5) 1.0 0.076 1.0 0.06
Mild (TIQ score 5 or 6) 25(0.9t07.14) 0.003 3.54 (0.93t0 13.5) 0.08
Moderate (TIQ score 7 or 8) 6.1 (1.83 10 20.25) < 0.0001 4.39 (0.8510 22.8) 0.047
Severe (TIQ score > 9) 9.3(3.8t023.1) 5.42 (1.46 to0 20.17)

n=170
Hyperacusis impact
category 1.0 < 0.0001 1.0 0.032
No impact (HIQ score < 11) 4.56 (2.4810 8.4) 3.9(1.1210 13.3)
Significant impact (HIQ n=224
score > 11)
Anxiety and depression
No (SAD-T score < 4) 1.0 < 0.0001 1.0 0.044
Yes (SAD-T score > 4) 5.4(3.1109.3) 2.8(1.08t0 7.4)

n=252
Across-frequency difference
in ULLs 1.0 0.025 1.0 0.13
No (across ears ULL 2.96 (1.15t0 7.63) 3.8 (0.67 to 21.98)
slope < 20 dB) n=191
Yes (across ears ULL
slope > 20 dB)
Across-frequency difference
in HTLs 1.0 0.046 1.0 0.047
No (across ears HT 0.59 (0.36 to 0.99) 0.31 (0.095 t0 0.98)
slope < 20 dB HL) n=248

Yes (across ears HT
slope > 20 dB HL)

Variables included in the model were the presence or absence of hyperacusis based on ULLmin (across-frequency average uncomfortable loudness level for the ear
with lower average ULL), tinnitus impact category based on scores for the TIQ (Tinnitus Impact Questionnaire), hyperacusis impact category based on scores for the
HIQ (Hyperacusis Impact Questionnaire), presence of anxiety and depression symptoms as measured via the SAD-T (Screening for Anxiety and Depression-Tinnitus),
presence or absence of across-frequency difference in ULLs based on the average ULL slope (the values of the difference in ULLs between 8 and 1 kHz) across ears,
and presence or absence of across-frequency difference in HTLs based on the HTL slope (values of the differences in hearing threshold levels between 8 and 1 kHz)
across ears. Unadjusted and adjusted OR values and their 95% confidence intervals (Cls) are shown. The adjusted OR takes into account the effects of age and gender
in addition to the effects of other variables in the model. Significant p values are indicated in bold font.
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Frequency, kHz

0.25 0.5 1 2 3 4 6 8

18 18 19 21 26 30 38 36

HTL right (15) 17 (18) (19) (20 (22) (25) (28)
n =247 n=247 n =247 n =247 n=218 n =247 n=218 n =247

18 19 19 23 29 34 39 40

HTL left (16) 17 (18) (20) (22) (23) (25) (28)
n =246 n=248 n =248 n =248 n=222 n =247 n=222 n=247

78 78 79 79 79 79 79 77

ULL right (10) (©)] 8 (©)] 9) 9) (10) (12
n=196 n=198 n=198 n=198 n=170 n=196 n=165 n=179

78 78 80 79 80 80 79 77

ULL left (10) 9) 9) 9) 8) (8) 9) (12
n=195 n=198 n=196 n=195 n=167 n=189 n=163 n=182

The number of patients included in each analysis is indicated by n.
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Valence Arousal

Contrast x2 value df p-value x2 value df p-value
Rating = Intercept — Rating = Phase + Intercept 32.25 4 <0.001*** 63.26 4 <0.001***
Rating = Phase + Intercept — Rating = Phase + Pitch + Intercept 39.22 2 <0.001*** 73.38 2 <0.001***
Rating = Phase + Pitch + Intercept — Rating = Phase + Pitch + MSS + Intercept 6.70 1 0.010* 10.84 1 <0.001***
Rating = Phase + Pitch + MSS + Intercept — Rating = Phase x Pitch + MSS + Intercept 102.47 6 <0.001*** 147.49 6 <0.001***
Rating = Phase x Pitch + MSS + Intercept — Rating = Phase x Pitch x MSS + Intercept 8.60 11 0.658 1.59 3 0.662

All models included auditory tolerance threshold scores as covariates. Bold p-values indicate significant model comparisons. *p < 0.05, **p < 0.001.
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Variable N (%) Mzge SEage

Sex

Male 13 (37.14%) 20.08 0.59
Female 21 (60.00%) 19.71 0.30
Gender

Man 13 (37.14%) 20.08 0.59
Woman 20 (67.14%) 19.70 0.32
Non-binary 1(2.86%) 20.00 N/A
Ethnicity

Hispanic 28 (80.00%) 19.79 0.33
Non-hispanic 6 (17.14%) 20.17 0.60
Race

Asian 4 (11.43%) 21.25 1.49
Black 1(2.86%) 21.00 N/A
White 29 (82.865) 19.62 0.27

Demographics are provided for the entire sample used for data analyses. N/A
provided for SEage due to no variability in the respective demographic categories.





OPS/images/fnins-16-899476/fnins-16-899476-i012.jpg
M





OPS/images/fnins-16-899476/fnins-16-899476-i013.jpg
M





OPS/images/fnins-16-899476/fnins-16-899476-i014.jpg
M





OPS/images/fnins-16-899476/fnins-16-899476-i015.jpg
M





OPS/images/fnins-16-899476/fnins-16-899476-i011.jpg
M





OPS/images/fpsyg-13-941898/fpsyg-13-941898-t004.jpg
Variable

1. MQ Total

2. Avoidant PD

3. Dependent PD

4. Obsessive Compulsive PD
5. Paranoid PD

6. Schizotypal PD

7. Schizoid PD

8. Histrionic PD

9. Narcissistic PD

10. Borderline PD

MQ total

0.19**
0.16*
0.25%%
0.15
0.10
0.21**
0.04
0.14*
0.29**

All personality disorder dimensional profiles were determined by the sum of the scores
from the items of each PD (0, 1, or 2) from the structured clinical interview for DSM-5

personality disorders (SCID-5-PD; First et al,, 2015b).

*p < 0.05**p < 0.01.
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Variable
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3

4
4
4
4
4

4

4

. MQ Total

. Bipolar I Lifetime

. Bipolar I Current (Past Month)

. Bipolar II Lifetime

. Bipolar II Current (Past Month)

. MDD Lifetime

. MDD Current (Past Month)

. PPD Lifetime

. PDD Current (Past 2 Years)

0. Alcohol Lifetime

1. Alcohol Current (Past 12 Months)
. Sedative-Hypnotic Lifetime
. Cannabis Lifetime
. Cannabis Current (Past 12 Months)

. Stimulants/Cocaine Lifetime

2
3
4
5.
6. Stimulants/Cocaine Current (Past 12 Months)
7. Opioids Lifetime

8. Panic Lifetime

9. Panic Current (Past Month)

0. Agoraphobia Lifetime

1. Agoraphobia Current (Past 6 Months)

2. Social Anxiety Lifetime

3. Social Anxiety Current (Past 6 Months)

4. Specific Phobia Lifetime

5. Specific Phobia Current (Past 6 Months)

6. Generalized Anxiety Lifetime

7. Generalized Anxiety Current (Past 6 Months)
8. Obsessive Compulsive Lifetime

9. Obsessive Compulsive Current (Past Month)
0. Hoarding Lifetime

1. Hoarding Current (Past Month)

2. Body Dysmorphic Lifetime

3. Trichotillomania Lifetime

4. Trichotillomania Current (Past Month)

5. Excoriation Lifetime
6. Excoriation Current (Past Month)

7. Anorexia Nervosa Lifetime

8. Bulimia Nervosa Lifetime

9. Bulimia Nervosa Current (Past 3 Months)

0. Binge Eating Lifetime

1. Binge Eating Current (Past 3 Months)

2. Avoidant Food Intake Past Month

3. Intermittent Explosive Current (Past 12 Months)
4. Adult ADHD

5. PTSD Lifetime

6. PTSD Current (Past Month)

MQ total

0.09
0.06
—0.00
—0.00
0.26**
0.16*
0:27%*
BF19%®
0.14*
0.08
—0.00
—0.02
—0.01
0.06
0.16*
—0.05
0.19**
0.17*
0.21**
0.19%*
0.18**
0.16*
0.13
0.15*
0.21**
0.17*
0.21**
023k
—0.07
—0.25
0.03
0.07
—0.02
0.11
0.14
0.04
0.03
—0.05
0.04
0.12
0.09
0.09
0.14*
0.13
0.13

*p < 0.05;**p < 0.01. Correlations were not included if they could not be computed due

to a constant variable (N = 1).
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Variable

1. MQ Total
. Any Current Anxiety
. Any Lifetime Anxiety
. Any Current Mood
. Any Lifetime Mood

. Any Lifetime Substance

. Any Current OC-Related
. Any Lifetime OC-Related

2
3
4
5
6. Any Current Substance
7
8
9

10. Any Current Eating

11. Any Lifetime Eating

12. Any Current Impulse

13. Any Current Trauma-Related
14. Any Lifetime Trauma-Related

*p < 0.05**p < 0.01.

0.27*%
0.27**
0.13
0.31**
0.11
0.12
0.22%%
0.23**
0.05
0.02
0.14*
0.06
0.18*
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Characteristic

Age (M, SD)

Sex

Male

Female

Gender Identity
Male

Female
Genderqueer
Other

Did not disclose
Sexuality
Straight

Gay

Bisexual
Something else
Don’t know

Did not disclose
Race

White

African American
Chinese

Other Asian
Middle Eastern
Other

More than one race
Hispanic/Latinx
Yes

No

Country Born In
United States
Europe

Latin America
China

South Asia
Other

Income Level
$0-$10,000
$10,001-$65,000

$65,001-more than $100,000

Marital Status
Single
Widowed
Married
Separated

Divorced

Living with partner

Missing

N =207.

Participant

35.7

53
154

53
150

166

17

167

(S S )

26
181

191

=W W

29

69

109

91

77

23

%

12.5

25.6
74.4

25.6
72.5
1.0
0.5
0.5

80.2
3.9
8.2
3.9
34
0.5

80.7
43
3.4
3.4
1.0
2.4
48

12.6
87.4

92.3
2.5
1.5
1.4
1.9
0.5

14.0
33.3
52.7

44.0
1.4
37.2
1.4
43

0.5
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Bleeding Tendency
Blood Clots

Breast Disease
Cancer

Dental Disease
Diabetes

Glaucoma

Heart Attack

Heart Murmur
Hepatitis

High Blood Pressure
High Cholesterol
Seizure Disorder
Serious Trauma
Sexually Transmitted Infection
Thyroid Disorder

Varicose Veins

44.0%
33.8%
43.0%
35.7%
40% 50% 60%

Percent of Sample

70%

Diagnosis

. Participant

80%

Family History

90%

100%
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Delays in Attaining Developmental Milestones 5.3%

Difficulty Sleeping or Nightmares 15.5%

Emergency Care or Hospitalization 24.6%

Fears or Phobias 26.1%

Medical Problems 19.8%

Diagnosis

. Participant

Problems with Appetite or Eating 6.8%

Special Education or Diagnosis of Learning Disorder 6.8%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Percent of Sample
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Complications During Birth 8.7%
[njuries at Time of Birth 4.3% . ;
Diagnosis
. Participant
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Percent of Sample
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Asthma

Environmental Allergies

Seasonal Allergies

Sleep Apnea

13.0%

24.2%

32.9%

6.3%

0% 10% 20% 30% 40% 50% 60% 70%

Percent of Sample

80%

Diagnosis

. Participant

90%

100%
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Regression B t P
1 Sex 0.15 2.27 0.02*
Age (years) 0.20 3.07 0.00%*
Any Current OC-Related 0.16 241 0.02%
Any Current Mood 0.11 1.69 0.09
Any Current Anxiety 0.19 2.74 0.01*
2 Sex 0.19 2.88 0.00**
Age (years) 0.21 3.25 0.00*
Current Obsessive Compulsive Disorder 0.20 2.96 0.00*
Current Major Depressive Disorder 0.01 0.09 0.93
Current Persistent Depressive Disorder 0.15 2.25 0.03*
Current Panic Disorder 0.16 2.56 0.01*
Current Agoraphobia 0.12 1.89 0.06
Current Social Anxiety Disorder 0.06 0.86 0.39
Current Generalized Anxiety Disorder 0.08 1.11 0.27
3 Sex 0.17 2.55 0.01*
Age (years) 0.18 2.68 0.01*
Avoidant Dimensional Profile 0.03 0.42 0.67
Dependent Dimensional Profile 0.02 0.21 0.83
OCPD Dimensional Profile 0.15 2.18 0.03
Paranoid PD Dimensional Profile —0.05 —0.66 0.51
Schizoid Dimensional Profile 0.08 1.09 0.28
Narcissistic PD Dimensional Profile 0.09 1.2 0.23
Borderline PD Dimensional Profile 0.21 2.63 0.01*
4 Sex 0.19 2.9 0.00**
Age (years) 0.20 3.17 0.00*
Current Obsessive Compulsive Disorder 0.17 2.64 0.01*
Current Persistent Depressive Disorder 0.10 1.44 0.15
Current Panic Disorder 0.15 2.36 0.02*
OCPD Dimensional Profile 0.10 1.53 0.13
BPD Dimensional Profile 0.17 2.38 0.02%

All psychiatric diagnoses were determined with the structured clinical interview for
DSM-5 (First et al, 2015a). *p < 0.05. Personality disorder dimensional profiles

were determined by the sum of

from the structured clinical inte:
First et al,, 2015b). Coefficient
regressions with the total score of
disorders composite variables; 2.

the scores from the items of each PD (0, 1, or 2)
rview for DSM-5 personality disorders (SCID-5-PD;
statistics from the full models (step 2) of the four
f the Misophonia Questionnaire (MQ): 1. Any current

Specific psychiatric diagnoses; 3. Dimensional profiles

of personality disorders; 4. The best predictors from the specific psychiatric diagnoses
and personality disorders. **p < 0.01.
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Variable

1. MQ Total
2. Language Disorder

3. Speech Sound Disorder

4. Childhood-Onset Fluency Disorder

5. Autism Spectrum Disorder

6. ADHD

7. Specific Learning Disorder

8. Tic Disorder

9. Vascular Disease

0. Traumatic Brain Injury

1. Substance Induced Neurocognitive Disorder
. Head Injury

. Migraine

. Seizure

. Vertigo

. Gallbladder Disease

. Gastritis/Ulcer Disease

. Acid Reflux

O ® N U R W N

. Jaundice

[
(=]

. Hemorrhoids

]
—_

. Sensory Processing Disorder

)
]

. Tinnitus

3]
w

. Hyperacusis

o
=~

. Phonophobia

[
[

. Breast Disease

[
(=)}

. Cancer

]
~

. Diabetes
. High Cholesterol

NN
o ©

. Heart Murmur

w
(=1

. Heart Attack
. High Blood Pressure

W W
o =

. Hepatitis

w
@

. Glaucoma

w
=~

. Dental Disease

w
[

. Kidney Infection

0
(=)

. Bladder Infection

w
~

. Kidney Stones
. Thyroid Disorder

w
©

39. Varicose Veins

40. Seizure Disorder

41. Sleep Apnea

42. Asthma

43. Seasonal Allergies

44. Environmental Allergies
45. Blood Clots

46. Serious Trauma

47. Sexually Transmitted Infection

*p < 0.05;*p < 0.01.

MQ total

—0.08
—0.05
0.06
0.01
0.19%*
—0.08
0.04
0.09
0.03
—0.03
0.12
0.15*
—0.01
0.02
0.12
0.02
0.17*
—0.06
0.05
0.12
0.18**
0.17*
0.11
0.03
0.04
—0.16*
0.12
0.03
—0.12
0.03
0.08
0.10
0.10
0.08

0.0
0.02
0.04
—0.01
—0.01
0.0
0.0

0.04
—0.07
0.13

0.14
—0.10
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Sound name Identification accuracy
Tool scraping Incorrect

Cereal stirring Incorrect

Chewing food Correct

Fork scraping plate Correct

Average

For each sound stimulus, the sound token name is presented in the first column. The Identification accuracy column illustrates whether participants identified the sound

Rating when perceived as
unpleasant or misophonic

-0.2
-1.4
-0.9
2.4
—1.2

Identification
accuracy

Correct
Correct
Incorrect
Incorrect

Rating when perceived as
neutral or pleasant

-0.4
0.5
-0.1
0.5
0.1

Rating
difference

-0.2
1.9
0.8
2.9

correctly, i.e., with a label that fit into the same a priori emotional category (correct), or whether they misidentified the sound with a label that fit into a different a priori
emotional category (incorrect). For the Correct entries, the mean pleasantness rating is taken across those participants who correctly identified the sound (less than 39
but always greater than 4, see Table 4); for the Incorrect entries, the mean pleasantness rating is taken across the 4 or more participants who made similar mistakes on

the same sound. The bottom of the table shows the average mean pleasantness for when a sound is perceived as unpleasant or misophonic and when it is perceived

as neutral or pleasant. The green and purple color code for these averages connects with the one seen in Supplementary Tables S4, S6. Here, a green box denotes
when any category of sound is perceived as a sound in a neutral valence group. A purple box denotes when any category of sound is perceived as a sound in a negative
valence group (either misophonic or unpleasant category). These average values can also be seen in the regular blue lines in Figure 2.
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Sound name

N1) Tool scraping

U1) Fork scraping plate
N2) Ringing church bells
U2) Ringing fire alarm
N3) Squeezing spray bottle
M3) Nose sniffling

N4) Sink draining

M4) Slurping beverage
N5) Stirring cereal

M5) Chewing food

N6) Woodpecker tapping
M@) Clicking a pen

P7) Wind blowing

(
(
(
(
(
(
(
(
(
(
(
(
(
(P7) Stream flowing

Correct ID%

61.54
89.74
100.00
97.44
94.87
100.00
89.74
100.00
64.10
66.67
100.00
100.00
100.00
97.44

Most often confused with

Fork scraping plate (38.00%)
Tool scraping (8.00%)

Ringing church bells (3.00%)
Tool scraping (5.00%)

Slurping beverage (5.00%)
Chewing food (13.00%)
Tool scraping (23.00%)

Sink draining (3.00%)

Category shift

Neutral — Negative
Negative — Neutral
Negative — Neutral

Neutral — Negative

Neutral — Negative
Negative — Neutral

Correct sound token names are in the first column while the most frequently perceived misidentification is in the second to last column. Based on the highest perceived
misidentification, the last column denotes the objective shift in category and predicts how it affects pleasantness. The middle-left column contains the correct identification
percentage for each sound. Each sound name also contains the sound'’s pair label (emotional category and pair number).
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Category

Neutral
Unpleasant
Neutral
Unpleasant
Neutral
Misophonic
Neutral
Misophonic
Neutral
Misophonic
Neutral
Misophonic
Pleasant
Pleasant

Sound name

(N1) Tool scraping
(U1) Fork scraping plate
(N2) Ringing church bells
(U2) Ringing fire alarm

(N3) Squeezing spray bottle
(M3) Nose sniffing

(N4) Sink draining

(M4) Slurping beverage
(NS) Stiring cereal

(M5) Chewing food

(N6) Woodpecker tapping
(M6) Clicking a pen

(P7) Wind blowing

(P7) Stream flowing

Wood

13
13
13
18

13
11
1.0

12
11

Metal

11
12
11
18
Tz
19
.
1.2

Liquid
1.0
10
1.1
11
19
2

1.6
1.1
12
1.4

Body

1.4

13

1.2

12
18

E

21
1

5
19

Agent

1.9
21

The intended valence category (neutral, unpleasant, misophonic, or pleasant) s indicated in the far-left column. Properties judged to have the highest likelihood of being
the cause of a sound are colored in blue (mean > 4.0). Entries colored in green indicate means >3 and <=4. Entries colored in yellow indicate means >2 and <=3.
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Category  Sound name Crushing ~ Scraping Tapping  Ringing  Blowing  Puffing  Suctioning  Splashing  Flowing

Neutral (N1) Tool scraping 12 12 1.3 13 14 11 11 1.1
Unpleasant  (U1) Fork scraping plate 12 2] 13 1.1 10 1.1 10 1.1
Neutral (N2) Ringing church bells 12 13 17 12 1.4 11 11 1.1
Unpleasant (U2 Ringing fire alarm 1.0 14 18 . 11 1.0 11 1.0 1.0
Neutral (N3) Squeezing spray bottle 16 BBl 13 10 19 = - 16 14
Misophonic  (M3) Nose sniffling 12 1.4 1.0 1.0 EA 1.1 1.1
Neutral (N4) Sink draining 1.0 14 1.0 1.0 12 1.2

Misophonic  (M4) Slurping beverage 11 14 1.0 1.0 15 1.4

Neutral (NS) Stirring cereal 18 15 =3 11 1.1 11 17

Misophonic  (M5) Chewing food El EE 13 11 12 12 12 11

Neutral (N6) Woodpecker tapping 1.4 18 12 12 14 12 11

Misophonic (M) Clicking a pen 14 14 . 12 12 14 13 1.0

Pleasant (P7) Wind blowing 11 13 1.1 11 B s 14 11

Pleasant (P7) Stream flowing 10 1.1 12 1.0 1.2 1.1 13 s

The intended valence category (neutral, unpleasant, misophonic, or pleasant) is indicated in the far-left column. Properties judged to have the highest likelihood of being
the cause of a sound are colored in blue (mean > 4.0). Entries colored in green indicate means >3 and <=4. Entries colored in yellow indicate means >2 and <=3.





OPS/images/fnins-16-880853/fnins-16-880853-g001.jpg
Valence rating (mean values)

Valence rating (mean values)

Misophonia =

Stimuli 5

== Human eating
= Animal eating

el

nC
N
T ol o

i

==
Il

Audio Audio-Video

Presentation

Stimuli S
— Human eating 5
= Human mouth smacking

Audio Audio-Video

Presentation O F

Valence rating (mean values)

Valence rating (mean values)

Controls

Stimuli

w Human eating
= Animal eating

Audio Audio-Video

Presentation
Stimuli

— Human eating
= Human mouth smacking

—_—

Audio Audio-Video

Presentation

*
Manikin Scale: higher valence ratings indicate greater negative emotions.
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Survey section Question(s)

Action For each action listed below,
how likely is it that the action is
possibly producing some (or all)
of the sound?

Material For each material, how much

does it describe the object

directly making the sound?

Agent How likely is it that this sound
was caused by the actions of a
living being? (This includes
actions performed by a person
on an object.)

Pleasantness How pleasant is the sound to

you?

For this sound, which noun and

verb pair listed best identifies

this sound?

Identification

Question type

Matrix Rating

Matrix Rating

Single Rating

Single Rating

Multiple-Choice

Answer choice labels

1 — definitely not producing the sound, 1-5
5 — definitely producing the sound

1 —not present in sound at all, does not ~ 1-5,
describe sound object, 5 — definitely

present in the sound, does describe

sound object

1 —non-living, 5 - living 1B

—5 - very unpleasant, O - neutral, 5 - -5-5
very pleasant

Chewing food, Clicking a pen, Fork -
scraping plate, Nose sniffling, Ringing

church bell, Fire alarm ringing, Sink

draining, Slurping beverage, Stream

flowing, Stirring cereal, Squeezing

spray bottle, Tool scraping,

Woodpecker tapping, Wind blowing

Scale # of Rating items

9

Rating items

Crushing, Scraping,
Tapping, Ringing,
Blowing, Puffing,
Suctioning, Splashing,
Flowing

Wood, Metal, Alr,
Liquid, Human Body

Cause of action

Pleasantness

The first column displays each of the five survey question sections. The second column for each section displays the primary question asked during the section. The third
column shows what type of questions were in the section. The fourth column details the specific answer choice labels provided on the questions to the participant, and
the fifth column shows the general rating scale that participants had to choose from. The last two columns describe the number and identity of rating items that were
ranked for each sound.
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Sound number Sound name Category Pair label

1 Tool scraping Neutral N1
2 Ringing church bells Neutral N2
3 Squeezing spray bottle Neutral N3
4 Sink draining Neutral N4
5 Stirring cereal Neutral N5
6 Woodpecker tapping Neutral N6
7 Nose sniffling Misophonic M3
8 Slurping a beverage Misophonic M4
g Chewing food Misophonic M5
10 Clicking a pen Misophonic M6
11 Fork scraping a plate Unpleasant U1
12 Ringing fire alarm Unpleasant U2
13 Wind blowing Pleasant pP7
14 Stream flowing Pleasant PT

The emotional category is noted for each sound, with six sounds belonging
to the neutral category, four sounds belonging to the misophonic category,
and two sounds each belonging to the unpleasant and pleasant categories.
Each sound has a pair label to represent each pairing between a Neutral and
Misophonic/Unpleasant (negative) sound that share at least one causal property.
Each label is structured as C# (C, valence category; #, the pair number). In following
tables, the pair label is added to each sound name.
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Measure 1 2 3 4 5 6 7 8 9 10 11 12 13

1. BMQ-R: Anger - - - - - 074" - 077" - 0.63" - - 073"
2. AQ: Anger 059" - - - - s 5 . E B . . .
3. AQ: Verbal Aggression 03 078 - - - - s : : - . . .
1. AQ: Physical Aggression 0290 054 058 - - - - - - - - - -
5. AQ: Hostility 037 0700 070 045’ - - - - - E - . B
6. BMQ-R: Irritation 089' 0500 036 022%% 037 - - - 065" - - 0.68"
7. BITe: Irvitability 062 072 048 037 062 062 - - - - - - B
8. BMQ-R: Disgust 057 034 023 024 026 065 040 - - 053" - - 061"
9.DPSS-R: Disgust Propensity ~ 041'  039' 026 026 036 040’ 039 072 - - - - -
10. BMQ-R: Anxiety 062 0390 029 023 039 0400 049 031" - - - 078"
11. STICSA: Cognitive Anxiety 0. 063 054 032 085 047 042 046 o6l - - -
12.STICSA: Somatic Anxiety ~ 060° 053 043 027 054 042 044 042 o 0.69' - -
13 BMQ-R: Physical Symptoms 081" 053 038 030 042 08¢ 059 057 040 084 062 089 -

56-652 (Study 1); N=102-105 (Study 2). Cells below the diagonal represent latent intercorrelations for Study 1; Cells above the diagonal represent Spearmans correlation coeffcients
(p) for Study 2. The depicted correlations are rounded.

#*p<0.001

1< 0.00006 (Bonferroni-corrected significance level in study 1),

1p<0.0001 (Bonferroni-corrected significance level in study 2).






OPS/images/fpsyg-13-894034/fpsyg-13-894034-g003.jpg
Pleasantness Rating

-
-
Fork Ringing Nose
scraping plate fire alarm sniffling
Unpleasant

~
~
= Regular
== @== \/ocoded
Slurping Chewing Clicking Squeezing Sink Tool Stirring Woodpecker Ringing Wind Stream
beverage food apen spray bottle draining scraping cereal tapping church bells blowing flowing
Misophonic Neutral Pleasant

Sound Emotional Category





OPS/images/fpsyg-13-902807/fpsyg-13-902807-t006.jpg
Measure

S-Five-T (N=155)

TC

FIRS

RIRS

R

DST

DIS

ANG

PAN

Min-Max

Mean (SD)

S-Five Factors (N=155)
Externalising
Internalising

Impact

Outburst

Threat

Total

MisoQuest (N=78)
Total

BMQ-R (N=76)

Anger

Irrtation

Disgust

Physical Symptoms
Anxiety

Behavioral Dysregulation
Recognition of Disprop.
Recognition of Excess
Reactive Avoidance
Anticipatory Avoidance
Distress

Functional Impairment
PHQ-9 (N=145)

Total

ASI-3 (N=146)
Cognitive

Social

Physical

Total

DOCS (N=139)
Contamination
Responsibility
Thoughts

Symmetry

Total

TC

0-37
2239(7.67)

056"
055"
054"
052"
055"
063"

053"

049"
043"
0.68"
046"
0.37%%
0.48"
037+
0.43"
0.46"
0,397
0,367
0.48"

0.40"

035"
0,240
0.22%%

031"

0.23%%
o1
0.28%*
0.22%%
0,287

P2 005 *p<0.05; **p<001.

p<0.0001 (Bonferror

FIRS

0.86"

0-370

13331 (68.46)

062"
0.64"
065"
065"
066"
076"

070"

065"
060"
077"
059"
047"
061"
048"
061"
061"
0.56"
053"
0.62"

045"

040"
0230
021%
033"

0.24%%
0.08
037"
0.20%
032"

corrected significance level in study 2)

RIRS

0.39"

077"

0-10

5.64(1.91)

045"
0.54"
0.54"
0.58"
057"
0.63"

0.69"

0.58"
0.63"
057"
057"
0.46"
051"
0397+
0.59"
0.59"
0.58"
0.60"
0.60"

037"

0.29"

015"

013"
0.24%%

0.17%
0,04
0.34"
015"

0.27%%

IR

016"

—0.14'
—0.45"

0-37

6.11(4.74)

007"
—0.06'
007"
~004'
~005'
~003"

-021"

-0.12"
~0.01"
~0.05'
~0.09"
~0.02'
~0.06'
-005'
-012'
-0.12'
~005'
-0.12'
—0.14'

—0.02'

[
016"
014"
014

016"
0.18*
002
0,04
0.08"

DST

0.56"

0.48"
0.22%%
—0.06'

0-37

292(3.4

0.26%*
0.34"
0.36"
0.45"
035"
041"

042"

0327
019"
0.26*
036+
0.23*
0.27%
0.09"
019"
0.27%
0347+
020"
0334+

0.34"

0.22%%
014
0.22%%
0.22%%

0.04
0.18*
0.20¢
0,19

0.25%%

1)

DIS

0.30"

0.26%*
012
003"
0.04"
0-37
3.03(2.99)

0.23%%
0.18*
0.06"
016"
0.05'
014"

013"

007"
0,08
043"
0.06"
~0.03'
014
020"
010"
012
-008'
0.04"
002

012

0.09"
[
0.03"
0,09

0.17%
002
0,05
012
013"

FIRS = frequency and intensity reaction count; RIRS = relative intensity of reactions score; RC: reaction count; IR=RC
nger; PAN =RC-Panic; PHY = RC-Physiological; BMQ-R: Berlin Misophonia Questionnaire Revised; PHQ-9: Physical Health Questionnaire; ASI
Anxiety Sensitivity Index; DOCS: Dimensional Obsessive-Compulsive Scale. All correlations were calculated using Spearman's correlation coefficient (p).

ANG

0.63"

071"
0.55"
—0.22%%
0.39"
007"

0-37
6.69(5.28)

047"
0.59"
0.49"
0.59"
0.60"
0.64"

0.68"

0.70"
0.53"
0.70"
0.49"
0.44"
0.64"
0.56"
0.60"
0.50"
033"
0.43"
0.42"

0.26%*

0.24%%
013"
0,02
016"

0.10"
~005'
035%%
0.18*
021%

o’

0.19%*
0.22%%
009"

[t
0,02
-002'
0-37
0.81(1.89)

o’

0.27%%
035"

0.25%%
037"
033"

029%

020"
021"
0.06"
029%
0.44"
014
0,09
0.26*
016"
0.29%
025%
0330

0.26%*

0.25%*
o’
0.18*
021%

0,05
012
0.19%
0,03
016"

PHY

o1’
0.16*
014"
~0.01"
004
~o0.01"
002
0.18%
0-37
029(1.26)

014"
012!
012"
0.18%
0.18%
014"

~0.04"

016"
0.20'
0.06'
0.28%
0.26%
015"
~0.06'
017"
0.29%
0.27%
0.37%%
0.35%%

0,274

029"
032"
0.20%
030"

017%
015"
002"
003
014"
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Measure

AQ: Anger
AQ: Verbal Aggression
AQ: Physical Aggresson
AQ: Hostilty

BiTes eitabilty
STICS s Cognitve
STICSA: Somtic
DERS: Impulse Control

DERS: G-O Behavior

DE

: Emot. Dys.
DERS: Gen. Dys.
NAQ: Noise Avoidance
BEAQ: Behav. Avoidance
1PQ-MEH: Symptom
Coherence
WHODAS 20:
Cognition

WHODAS 20: Social
interaction
WHODAS 20:
Household
WHODAS 20: Daily
WHODAS 20: Society
PHQ-9

ASL3: Cognitive
ASI-3: Social

ASI-3: Physical

ASI3: Total

DOCS: Contamination
DOCS: Responsibility
DOCS: Thoughts
DOCS: Symmetry
DOCS: Total

N'=553-597 (Study 1); N= 178-185 (Study 2).S-Five = Selective Sound Sensitivity Syndrome Scale ; EX
ionnaire; BITe = Brief Irritation Test. STICSA-
DERS = Difficulties in Emotion Regulation Scale; G-O Behavior=Goal-oriented behavior; Emot. Dys =
Avoidance Questionnaire; BEAQ= Brief Experiential Avoidance Questionnaire. WHODAS 2.
onal Obsessive Compulsive Scale; PHQ-9-
are in parentheses on the diagonal. M= mean, SD = standard deviation, Min=scale mi

ouT

Sensitivity Index 3; DOCS = Dimens

564
27
284
659
1209
0
s

402

113
2039
1078
an
130

a7

546

an

421

699

0-20

0-16

utbursts, THR = Threat; AQ= Aggression Qu

046
039"
030
0.0
048"
0.5
044!

001"

008"
o
0.0
050°
e

017"

032

036"

028

030

oart

calculated for manifest sum scores of the respective scale.
‘Mean and standard deviation were calculated for all DERS items.

"McDonald’s o as defined in the bifactor S

P2 0,05 *p<0.05; **p<001.
1p<0.00006 (Bonferroni-corrected significance level in study 1)
1p<0.0001 (Bonferroni-corrected significance level in study 2).

1 model.

Study 1

INT

036
033
027!
052
058
o6t
052
oor

~004'

0.8
060"
051!
0.0
04

08

051

037

oart

055

051

066!

043

058

077

OUT THR
067 049
046 o
060 02d
043 o
057 ose'
047 os7'
053 om0’

023" 007"
o1 o1gee
000" 05
059 069’
049 o6
015 057
028" 039"
05 09’
0500 o5
035 o
031 a6l
049 o

Min-
Max

EXT

033"
026"
0200
0
0220%
0.8
003"

027"

01

Study2

INT

040"
042"
030"
027"
039"
017
006"
032"
015

027"

IMP OUT THR

047"
0300
0220
020
028"
013’
007"
o1
020
030"

039
036"
0190
017+
a7
013"
006"
035"
018
027"

= Externalising Appraisals, INT = Internalising Appraisals, IMP = Impact,
State-Trait Inventory for Cognitive and Somatic Ansiety - Trait Scales.
motional Dysregulation; Gen. Dys. = General Dysregulation; NAQ=Noise
‘World Health Organization Disability Assessment Schedule 2.0; ASI-3= Anxiety.
rief Patient Health Questionnaire; McDonald's  based on the respective confirmatory factor analyses

mum, Max=scale maximuny; N=566-613 (Study 1); N=178-185 (Study 2). Means were

o
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Measure Study 1 Study 2

M SD Min- EXT INT IMP OUT THR ® M SD Min- EXT INT IMP OUT THR o
Max Max

BMQ:Anger 1342 574 0-20 059 060 058 074 072 090 1222 695 0-20 062 063 065 070 075 092
BMQ: Irritation 1539 418 0-20 059 059 067 058 081 077 1408 G615 0-20 060 054 060 056 075 090
BMQ:Disgust 1027 650 0-20 046 038 038 040 052 092 1056 679 0-20 063 069 050 063 059 091
BMQ: Anxiety 619 601 0-20 041 049 063 048 077 088 717 619 020 054 052 073 063 075 087
BMQ:Physical 726 487 0-15 050 062 064 064 081 085 847 481 0-15 053 054 069 067 076 083
BMQ:R.Disp. 1266 614 0-20 033 065 047 053 061 090 975 692 020 034 059 034 049 039 093
BMQ:R.Exc. 1106 645 0-20 047 070 062 067 078 091 1007 666 0-20 052 069 063 072 072 092
BMQ:G.Dys. 1096 527 0-20 038 049 051 063 064 090 - - - - - - - -
BMQ:B.Dys. 881 554 0-20 047 065 052 084 062 087 848 654 020 050 069 056 075 063 089
BMQ:C.Dys. 1495 477 0-20 049 054 057 056 072 090 - - - - - - - -
BMQ:EDys 1095 562 0-20 051 064 067 065 08 087 - - - - - - - - -
BMQ:Re.Av. 1371 482 0-20 050 052 067 050 076 071 1240 580 0-20 057 055 054 063 071 080
BMQ:Ant Av. 1077 679 0-20 048 046 070 043 069 093 943 692 0-20 058 047 082 062 071 094
BMQ: Distress 1552 795 0-25 055 072 076 066 085 094 1536 822 0-25 043 058 064 059 074 094
BMQ:Fun.Imp. 1L67 999 0-35 051 063 085 061 083 091 1428 1050 0-35 057 058 083 072 075 093
MisoQuest 3378 1465 0-56 062 071 0735 070 088 093 3209 1618 0-56 053 071 078 071 089 096

09-616 (Study 1); N=102-108 (Study 2). S-Five =Selective Sound Sensitivity Syndrome Scale ;s EXT = Externalising Appraisals, INT = Internalising Appraisals, IMP = Inpact,
OUT=Outbursts, THR=Threat; BMQ: Berlin Misophonia Questionnaire Revised; R. Disp. = Recognition of Disproportionality; R. Exc. = Recognition of Excess; G. Dys. = General
Dysregulation; B. Dys. = Behavioral Dysregulation; C. Dys. = Cognitive Dysregulation; E. Dys.= Emotional Dysregalation; Re. A ive Avoidance; Ant. Av. ipatory Avoidance;
Fun. Imp. = Functional Impact. McDonald's o based on the respective confirmatory factor analyses are in parentheses on the diagonal. All correlations in study 1 were satistically
significant at p<0.00006 (Bonferroni-corrected significance level in study 1). All correlations in study 2 were statistically significant at p<0.0001 (Bonferroni-corrected significance level in
study 2). M=mean, SD =standard deviation, Min = scale minimum, Max = scale maximum; N=633-636 (Study 1); N= 102-108 (Study 2). Means were calculated for manifest sum scores of
the respective scale.
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Sound name

(V. N1) Tool scraping

(V. U1) Fork scraping plate
(V. N2) Ringing church bells
(V. U2) Ringing fire alarm

(V. N3) Squeezing spray bottle
(V. M3) Nose sniffling

(V. N4) Sink draining

(V. M4) Slurping beverage
(V. N5) Stirring cereal

(V. M5) Chewing food

(V. N6) Woodpecker tapping
(V. M6) Clicking a pen

(V. P7) Wind blowing

(V. P7) Stream flowing

Correct ID%

42.86
42.86
38.10
9.52
23.81
95.24
28.57
95.24
23.81
42.86
95.24
100.00
9.52
66.67

Most often confused with

Fork scraping plate (24.00%)
Tool scraping (33.00%)
Wind blowing (33.00%)
Wind blowing (33.00%)

Tool scraping (33.00%)
Wind blowing (5.00%)
Slurping beverage (29.00%)
Sink draining (5.00%)

Tool scraping, Squeezing spray bottle, Sink draining, Clicking a pen (14.00%)
Tool scraping, Stirring cereal (14.00%)

Tool scraping (5.00%)

Stream flowing (81.00%)
Sink draining (33.00%)

Category shift

Neutral — Negative
Negative — Neutral
Negative — Neutral
Negative — Neutral
Negative — Neutral
Neutral — Negative
Negative — Neutral
Neutral — Negative
Negative — Neutral

Correct sound recordings names are in the first column while the most frequently perceived misidentification is in the second to last column. Based on the highest
perceived misidentification, the last column denotes the objective shift in category and predicts how it affects pleasantness. The middle column contains the correct
identification percentage for each sound. Each sound name includes a 'V’ to signify that it is vocoded and its pair label (emotional category and pair number,).
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Symptom
domain

Misophonic Appraisals

Misophonic Emtional

Experiences

Misophonia-specific

Dysregulation

Misophonic Avoidance

Misophonic

Impairment

Other

Misophonic symptom
(measures)

Internalising appraisals (S-Five)

Externalising appraisals (S-Five)

Anger (BMQ-R, AQ)
Irritability (BMQ-R, BITe)
Aggression (AQ)

Anxiety (BMQ-R, STICSA)
Physical symptoms (BMQ-R,
STICSA)

Behavioral dysregulation/

outburst (BMQ-R, $-Five, DERS)

Emotional dysregula
(BMQ-R, DERS)
“Threat (5-Five)

Reactive avoidance (BMQ-R,
NAQ, BEAQ)

Anticipated avoidance (BMQ-R,
NAQ BEAQ)

Functional impact (BMQ-
5-Five, WHODAS 2.0)
Distress (BMQ-R)

Depressive symptoms (PHQ-9)

Predicted associations with other misophonic symptoms

Positively corelated with: externalising appraisals, recognition of excess and recognition of disproportionali

(BMQ-R), functional impact, distress,irritability, anger, aggression, behavioral dysregulation/
outburstsNegatively correlated with: symptom coherence (IPQ-MH)

Positively correlated with: internalising appraisals, rritability, anger, aggression, behavioral dysregulation/
outburstsin comparison with internalising appraisals less correlated with: recognition of excess and

recognition of disproportionaliy, symptom coherence, functional impact and distress

Positively correlated with: physical symptoms, externalising appraisals, internalising appraisals, and behavioral

dysregulation/outbursts

Positively correlated with: physical symptoms, externalising appraisals, internalising appraisals, and behavioral
dysregulation/outbursts
Positively correlated with: physical symptoms, externalising appraisals, internalising appraisals, and behavioral

dysregulation/outbursts

Positively correlated with: physical symptoms and threat Less correlated with anger, irritabilty, aggression, and

ust than their correlations with each other

anger, aggression, irritability; disgust (BMQ-R, DPSS-R), anxiety and threat

ing appraisals, internalising appraisals,

Positively correlated with: anger, aggression, irrtability externali
functional impact, and distress

Positvely correlated with: threat

Positively correlated with: emotional dysregulat
avoidance, functional impact, distress

Positively correlated with: threat, functional impact

Positively correlated with: threat, functional impact

Internalising appraisals, externalising appraisals, behavioral dysregulation/outbursts, threat, reactive avoidance,

anticipated avoidance
Internalising appraisals, externalising appraisals, behavioral dysregulation/outbursts, threat, functional impact
Positively corelated with: internalising appraisals, functional impact In comparison with internalising

appraisals less correlated with: externalising appraisals.
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Measure EXT INT IMP ouTt THR
1.S-Five: External Appr. (0.85)

2. 5-Five: Internal Appr. 021 (0:38) - - -
3. 5-Five: Impact 0.29 050 (0:83) - -
1. 5-Five: Outbursts 030 040 039 (0:84) -
5. 5-Five: Threat 0.27 032 051 033 (0.83)

=828, §-Five =Selective Sound Sensitivity Syndrome Scale;

Externalising Appraisals, INT = Internalising Appraisals, IMP = Impact, OUT = Outbursts, THR=Threat, Cronbachis
estimates are in parentheses on the main diagonal. The depicted correlations are rounded. Al correlations are significant at p<0.01.
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Study 1 Study 2

Measure Min-Max EXT INT ImMp ouT THR
M SD M SD

1. S-Five: External Appr. 0-50 2897 15.26 2731 1570 (092/092) 051 059 057 058

2. 5-Five: Internal Appr. 0-50 17.78 15.96 16.85 1474 040 (093/088) 064 072 073

3. S-Five: Inpact 0-50 1219 1383 1476 1408 0.48 061 (0:90/0.91) 065 079

4. 5-Five: Outbursts 0-50 1620 1391 16,50 1397 054 061 055 (087/086) 0.69

5. 5-Five: Threat 0-50 2685 16.55 2898 17.28 0.56 062 072 063 (0.92/0.89)

=639 (Study 1); N=235 (Study 2). Cells below the diagonal represent latent intercorelations for Study 1; Cels above the diagonal represent Spearman's correlation coeffcients (p) for
Study 2. S-Five =Selective Sound Sensitivity Syndrome Scale; EXT = Externalising Appraisals, INT = Internalising Appraisals, IMP = Inpact, OUT = Outbursts, THR = Threat. McDonald’s o
(McDonald, 1999) based on the respective confirmatory factor analyses are in parentheses on the main diagonal (on left=Study 1, right =Study 2). All correlations for study 1 were
significant at p <0.00006 and for study 2 at p <0.0001 (Bonferroni-corrected significance level, respectively). M =mean, SD=standard deviation; Mi
maximum; N=633-636 (Study 1); N=235 (Study 2). Means were calculated for manifest sum scores of the respective scale.

scale minimum, Max = scale
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1. Frequency
. Recovery
. Avoidance
. Emotional

. Physiological

2

3

4

5

6. Participation

7. Severity score
8. Weighted score
9. Anger

10. Disgust

11. Anxiety

12. Self-esteem

13. Depression

14. Physical functioning

15. Role limitations —
physical health

16. Role
limitations —emotional
problems

17. Energy/Fatigue

18. Emotional wellbeing
19. Social functioning
20. Pain

21. General health

MRS stand-alone

0.19%+*
0.24%*
0.36%**
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0.46***
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0.24%*
-0.25%**
0.31%*
-0.19%**
-0.15%*

0210

-0.25%%*
-0.28***
-0.36***
-0.18***
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MRS subscales

4 5 6
046 - -
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*p is significant < 0.05; **p is significant < 0.01;** p is significant < 0.001.

MRS summed scores

0.92%%%
0.45%**
0.45%**
0.39%%*

-0.33%%*
0.44%*

-0.20%**

-0.16%**

Q.32

—0.34%*+*
-0.42%%*
-0.48***
—-0.21¢+*
—0.24%*%*

0.46***
0.46***
0.39%%*
-0.33%%*
0.46***
-0.25%%*
-0.23*%*

Q.32

-0.35%%*
-0.43*%*
-0.51%%*
—-0.27%**
-0.28***

0.40**
0.45%%
-0.42%%*
0.46***
-0.17%%*
-0.22%%*

Q.37

—-0.32%**
-0.48***
—0.44***
-0.18***
-0.31%*%*

Psychosocial
variables
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Measure Misophonia General population

Baseline (n=127) Follow-up (n =127) Tests of within-participant Baseline (n = 95) Follow-up (n =95) Tests of within-participant
difference over time difference over time
Item Lower Item Lower t(df) P Cohen’s Item Lower Item Lower t (df) 4 Cohen’s
mean CI, mean CI, d mean CI, mean CI, d
(SD)  upperCI  (SD)  upperCI (SD)  upperCI  (SD)  upper CI
MRS stand-alone items
Frequency 4.12 3.92, 3.90 3.66, 2.82 0.006 0.25 1.48 1.34, 1.62 1.48, 1.53 0.13 0.16
(1.19) 431 (1.37) 4.13 (126) (0.80) 1.64 (0.87) 1.78 (94)
Recovery 4.00 3.76, 3.89 3.68, 1.19 0.24 0.11 2.27 2.00, 2.51 221, 1.51 0.13 0.16
(1.32) 426 (1.31) 4.11 (126) (1.43) 2.54 (1.40) 2.77 (94)
Avoidance 5.65 5.37, 5.54 5.25, 0.96 0.34 0.09 2.22 1.87, 2.25 1.98, 0.16 0.88 0.02
(1.59) 591 (1.66) 5.82 (126) (1.82) 2.53 (1.70) 2.56 (94)
MRS subscales
Emotional 572 5.54, 5.40 5.18, 3.95 <0.001 0.35 2.21 1.98, 236 2.10, 1.29 0.20 0.13
(1.01) 5.90 (1.26) 5.60 (126) (1.24) 2.44 (1.26) 2.63 (94)
Physiological 3.19 2.96, 3.04 2.79, 1.83 0.070 0.16 1.54 1.39, 1.62 1.46, 1.08 0.28 0.11
(1.37) 3.41 (1.47) 3.31 (126) (0.81) 1.68 (0.82) 1.77 (94)
Participation 4.15 391, 4.03 3.78, 1.30 0.20 0.12 1.56 1.39, 1.67 1.47, 0.97 0.34 0.10
(1.37) 4.40 (1.44) 428 (126) 0.93) 1.73 (1.11) 1.88 (94)
MRS summed scores
Severity score 437 4.19, 417 3.97, 3.37 0.001 0.30 1.79 1.62, 1.90 1.73, 132 0.19 0.14
(0.98) 4.54 (1.11) 436 (126) 0.91) 1.98 (0.94) 2.08 (94)
Weighted score 20.72 19.25, 19.24 17.68, 3.47 0.001 0.31 441 3.47, 4.87 4.02, 0.97 0.33 0.10
(7.65) 22.17 (7.91) 20.71 (126) (4.80) 5.30 (5.03) 5.84 (94)
Psychosocial variables
Anger 2.38 2.26, 235 2.24, 0.58 0.56 0.05 1.73 1.63, 1.82 1.71, 1.97 0.05 0.20
(0.67) 2.50 (0.67) 247 (126) (0.52) 1.84 (0.54) 1.94 (94)
Disgust 3.14 3.02, 3.06 2.94, 1.61 0.11 0.14 2.42 2.30, 2.43 231, 0.16 0.88 0.02
(0.69) 3.27 (0.70) 3.19 (126) (0.54) 2.54 (0.54) 2.54 (94)
Anxiety 2.36 2.24, 2.26 2.14, 1.75 0.082 0.16 1.63 1.52, 1.80 1.67, 2.65 0.009 0.27
(0.68) 2.47 (0.69) 2.39 (126) (0.60) 1.74 (0.70) 1.94 (94)
Self-esteem 2.78 2.66, 2.87 2.75, 2.53 0.013 0.22 3.30 3.20, 3.24 3.13, 2.03 0.045 0.21
(0.65) 291 (0.67) 3.00 (126) (0.52) 3.40 (0.54) 3.35 (94)
Depression 232 2.22, 2.24 2.13, 1.82 0.071 0.16 1.68 1.57, 1.75 1.64, 1.97 0.052 0.20
(0.58) 242 (0.62) 2.36 (126) (0.51) 1.79 (0.56) 1.85 (94)
SF-36*
Physical functioning 85.47 81.56, 84.88 81.26, 0.69 0.49 0.06 90.68 87.85, 89.58 86.40, 1.32 0.19 0.14
(19.93) 88.79 (19.38) 88.56 (126) (12.15) 93.05 (14.54) 92.63 (94)
Role limitations — physical health 72.83 66.27, 76.18 69.98, 1.00 0.32 0.09 91.32 85.67, 85.00 7891, 2.34 0.019 0.25
(39.34) 78.88 (35.89) 82.11 (126) (24.67) 95.88 (30.16) 90.80 (94)
Role limitations — emotional problems 48.82 41.01, 52.49 45.32, 1.02 0.31 0.09 78.60 71.37, 72.98 65.73, 1.39 0.17 0.14
(43.20) 55.71 (42.11) 59.51 (126) (35.37) 85.54 (35.83) 80.21 (94)
Energy/Fatigue 40.98 37.19, 42,01 37.94, 0.65 0.52 0.06 58.74 54.58, 54.79 50.28, 2.48 0.015 0.25
(20.87) 44.62 (21.02) 45.69 (126) (20.63) 62.32 (21.79) 58.92 (94)
Emotional wellbeing 55.40 52.03, 57.42 53.65, 1.54 0.13 0.14 76.08 72,51, 72.25 68.95, 2.89 0.005 0.30
(19.85) 58.86 (20.07) 61.30 (126) (16.59) 80.04 (17.30) 75.47 (94)
Social functioning 62.99 58.17, 67.72 62.73, 2.28 0.024 0.20 88.42 83.63, 84.61 80.31, 2.01 0.047 0.21
(27.57) 67.74 (28.19) 72.48 (126) (19.57) 92.42 (18.64) 88.25 (94)
Pain 71.56 67.59, 72.52 68.49, 0.58 0.56 0.05 80.16 76.41, 77.58 73.48, 1.68 0.097 0.17
(22.95) 75.51 (22.97) 76.31 (126) (17.44) 83.97 (18.69) 81.13 (94)
General health 62.20 58.53, 63.66 59.97, 1.20 0.23 0.11 68.11 64.09, 68.05 63.55, 0.04 0.97 0.004
(20.78) 65.94 (19.86) 67.29 (126) (19.71) 72.00 (22.31) 72.69 (94)

*Total means reported for SF36 subscales.
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Measure Misophonia (n = 127) General population (1 = 95) Tests of difference between groups
at follow-up

Itemmean LowerCI, Totalmean LowerCl, Itemmean LowerCl, Totalmean LowerCI, £(df) ? Cohen’s
(D) upper CI ($D) upper CI (D) upper CI (SD) upper CI d

MRS stand-alone tems

Frequency 390(137) 366,413 NiA NIA 162(087) 148,178 NiA NA 1510(21430) <0001 192
Recovery A3 3684l NiA NiA 2510400 221,277 NiA NA 759(20) <0001 103
Avoidance S54(166) 525,58 NiA NiA 251700 198,256 NiA NA a0 <00l 1%
MRS subscales

Emotional 5400126 518560 7908 363,326 236(126) 210263 1653883 49L1831  1774(20) <000l 241
Physiological 3.04(147) 279,331 227(1032)  1956,23.12 162(082) 146,177 13372 1030,1249  9.14(2457) <0001 L15
Participation 403 (1.44) 378,428 013(717)  1895,21.22 167(L11) 147,188 8.33(556) 734942 1382(2197) <0001 181
MRS summed scores

Severity score A7) 397436 79I9QLIS)  TSILEI0 100094 173208 6IS(79) RN 15900) <00l 207
Weighted score 192409)  1768,2071 NA NA 487(5.03) 402,584 NA NA 1649(21490) <0001 210
Pychosocialvariables

Anger sl e LoGn) ndlis  nlsd MLGE w0 GALe @Gnh) ol 0y
Disgust 306070) 294319 I87(08) 61914 2305 231,25 MFTG)  BHB 90 <00 102
Anxiety 26069) 204239 B6M)  128LR 180070) L6314 1082(42)  100L1L6>  485020) <000l 066
Self-esteem 287(067) 275,300 BI671) 27452995 324(0549) 313,335 3236(41) 31343354 435(220) <0001 059
Depression 24(06) 21323 241(624)  AZBH 155056 L6418 1751656 1642185 60620) <000 082
SE-36

Physical functioning NiA NiA $488(1938) 81268856 NIA NiA 8958(1454) 86409263 20602000) 0040 07
Role limitations - physical health NA NA 7618(3589) 69988211 NA NA 8500(30.16)  7891,9080  199(21699) 0048 026
Rolelimitations - emotional problems ~ NIA NiA 5249(21)  4532,5951 NA NiA 7980583 6738021 391Q163) <0001 032
Energy/Fatigue NA NiA 0010100 37944569 NiA NiA ML) 50285892 44100) <000l 060
Emotional welbeing NA NIA 420007) 53656130 NiA NiA nB73) 8957547 SEN) <000l 078
Socal functioning NiA NiA 6720819 62737248 NiA NiA S461(1864)  8031,8825  536(1696) <0001 069
Pain NIA NA 7252(297)  6849,7631 NA NA 7758(1869)  7348,8L13  181(21842) 0072 024

General health NA NA 63.66(1986)  59.97,67.29 NA NA 63.05(2231)  63.55,7269 155(220) 012 021
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Measure Misophonia (n = 491) General population (n = 503) Tests of difference between groups

at baseline
Item mean Lower CI, Total mean Lower CI, Item mean Lower CI, Totalmean Lower CI, t(df) p Cohen’s
(SD) upper CI (SD) upper CI (SD) upper CI (SD) upper CI
MRS stand-alone items
Frequency 3.98 (1.29) 3.88,4.09 N/A N/A 1.52 (0.89) 1.45,1.60 N/A N/A 35.04 (867.94) <0.001 2.23
Recovery 4.05 (1.34) 3.94,4.16 N/A N/A 2.35 (1.54) 2.22,2.49 N/A N/A 18.65 (978.85) <0.001 1.18
Avoidance 5.47 (1.64) 5.33, 5.60 N/A N/A 2.17 (1.67) 2.03,231 N/A N/A 31.44 (991.92) <0.001 1.99
MRS subscales
Emotional 5.64 (1.13) 5.54,5.75 39.49 (7.94) 38.78,40.23 2.22(1.19) 211,232 15.52 (8.33) 14.78,16.23  46.46 (991.42) <0.001 2.95
Physiological 3.24 (1.38) 3.12,3.36 22.67 (9.64) 21.83,23.50 1.58 (0.90) 1.52,1.66 11.08 (6.27) 10.61,11.64  22.41 (839.09) <0.001 1.43
Participation 4.16 (1.46) 4.04,4.28 20.80 (7.27) 20.19,21.42 1.56 (0.94) 1.48,1.65 7.79 (4.70) 7.42,8.23 33.39 (835.45) <0.001 2.13
MRS summed scores
Severity score 4.37 (1.06) 4.28,4.45 82.96 (20.16) 81.31, 84.63 1.81(0.89) 1.74,1.89 34.40 (16.87) 32.98,35.84  41.15(953.85) <0.001 2.62
Weighted score 20.37 (8.03) 19.71, 21.04 N/A N/A 4.42 (4.85) 4.01,4.86 N/A N/A 37.77 (801.51) <0.001 2.41
Psychosocial variables
Anger 2.44 (0.73) 2.37,2.50 14.61 (4.39) 14.23,14.99 1.82(0.51) 1.77,1.87 10.92 (3.05) 10.65,11.20  15.37 (871.72) <0.001 0.98
Disgust 3.18 (0.76) 3.11,3.25 19.07 (4.55) 18.66, 19.49 2.45 (0.56) 2.40,2.51 14.72 (3.36) 14.39,15.06  17.10 (901.97) <0.001 1.09
Anxiety 2.39 (0.74) 2.31,2.45 14.31 (4.45) 13.88, 14.73 1.82 (0.66) 1.76,1.88 10.91 (3.99) 10.58,11.27  12.68 (974.76) <0.001 0.81
Self-esteem 2.75 (0.64) 2.70, 2.80 27.53 (6.42) 27.04, 28.00 3.24(0.57) 3.18,3.29 32.37 (5.71) 31.82,32.86  12.54(972.64) <0.001 0.80
Depression 2.27 (0.63) 221,234 22.74 (6.30) 22.15,23.36 1.79 (0.58) 1.73, 1.84 17.86 (5.79) 17.35,18.38  12.72(980.54) <0.001 0.81
SF-36
Physical functioning N/A N/A 84.77 (20.46) 82.98, 86.61 N/A N/A 88.15 (15.96) 86.70, 89.43 2.91 (926.08) 0.004 0.19
Role limitations — physical health N/A N/A 73.57 (37.90) 70.42,77.09 N/A N/A 85.24 (29.43) 82.66, 87.52 5.41 (924.03) <0.001 0.34
Role limitations - emotional problems N/A N/A 49.90 (43.40) 46.02,53.57 N/A N/A 74.29 (37.07) 71.17,77.61 9.52 (960.74) <0.001 0.61
Energy/Fatigue N/A N/A 41.47 (21.56) 39.51, 43.55 N/A N/A 56.47 (21.31) 54.48, 58.27 11.04 (992) <0.001 0.70
Emotional wellbeing N/A N/A 55.56 (20.07) 53.72,57.55 N/A N/A 71.94 (17.47) 70.33, 73.51 13.71 (966.83) <0.001 0.87
Social functioning N/A N/A 61.30 (28.26) 58.83,63.94 N/A N/A 83.28 (21.66) 81.41,84.99  13.74(918.22) <0.001 0.87
Pain N/A N/A 70.42 (24.52) 68.21,72.58 N/A N/A 77.77 (20.17) 76.03,79.52 5.16 (947.61) <0.001 0.33
General health N/A N/A 59.93 (22.08) 57.77,62.15 N/A N/A 66.39 (20.12) 64.64, 68.18 4.82(978.57) <0.001 0.31
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Characteristic Whole Misophonia General

sample (n=489) Population

(n=988)" (n=499)
Number of other people who usually share workplace
None - I usually work alone 330 (33.2%) 153 (31.2%) 177 (35.2%)
1-5 408 (41.0%) 200 (40.7%) 208 (41.4%)
6-10 90 (9.1%) 45 (9.2%) 45 (8.9%)
11-20 70 (7.0%) 38 (7.7%) 32 (6.4%)
21-50 49 (4.9%) 30 (6.1%) 19 (3.8%)
50+ 41 (4.1%) 23 (4.7%) 18 (3.6%)
Current usual working environment
Athome 517 (52.0%) 231 (47.0%) 286 (56.9%)
In a private office at a workplace 61 (6.1%) 29 (5.9%) 32 (6.4%)
In a shared office at a workplace 62 (6.2%) 39 (7.9%) 23 (4.6%)
In an open-place office at a workplace 67 (6.7%) 45 (9.2%) 22 (4.4%)
In a retail outlet 19 (1.9%) 9 (1.8%) 10 (2.0%)
In a café, restaurant or similar environment 12 (1.2%) 7 (1.4%) 5(1.0%)
In a leisure environment, such as a sports center, bowling alley or similar 4(0.4%) 2(0.4%) 2(0.4%)
In an environment such as a museum, library or similar 2(0.2%) 2 (0.4%) 0(0.0%)
In a school or other teaching environment 69 (6.9%) 40 (8.1%) 29 (5.8%)
In health or social care provision 70 (7.0%) 31(6.3%) 39 (7.8%)
In an emergency services role 3(0.3%) 1(0.2%) 3 (0.6%)
In a factory or manufacturing plant 8(0.8%) 4(0.8%) 7 (1.4%)
In a motor vehicle (e.g., taxi driver, truck driver, delivery driver, refuse collector) 4 (0.4%) 4(0.8%) 0 (0.0%)
In natural outdoor environments, such as forests, beaches, gardens, golf courses, farmland 14 (1.4%) 7 (1.4%) 7 (1.4%)
In urban outdoor environments, such as construction sites, road maintenance 6 (0.6%) 2 (0.4%) 4(0.8%)
Other (please describe) 34 (3.4%) 21 (4.3%) 12 (2.6%)
Retired* 26 (2.6%) 11 (2.2%) 15 (3.0%)
Unemployed* 10 (1.0%) 8 (1.6%) 2 (0.4%)

*Retired and unemployed were not presented as options in the questionnaire, but participants who included this detail under other were re-categorized accordingly.
TSix participants did not complete the workplace questions, so results reported in this section are for 988 participants.
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Food or drink smells - 27 (21.3%)
Rotting or moldy smells - 33 (26.0%)
Smoke smells - 29 (22.8%)
Body-related smells - 49 (38.6%)
Other smells - 8 (6.3%)
N/A - not triggered by smells - 55 (43.3%)
Touch triggers

Skin - 36 (28.3%)
Vibration - 34 (26.8%)
Other touch - 14 (11.0%)
N/A - not triggered by touch - 73 (57.5%)
Trigger person

Parents - 76 (59.8%)
Grandparents - 19 (15.0%)
Siblings - 48 (37.8%)
Children - 57 (44.9%)
Romantic partner - 79 (62.2%)
Other family - 25(19.7%)
Friends - 53 (41.7%)
Strangers - 78 (61.4%)
Neighbors - 49 (38.6%)
Workplace people - 69 (54.3%)
Pets/animals - 34 (26.8%)
Housemates - 30 (23.6%)
Anyone - 89 (70.1%)
Myself - 18 (14.2%)
Other types of people - 7 (5.5%)
N/A - triggers not related to people - 2 (1.6%)

*Sample sizes differ from those in other analyses as one participant with misophonia did
not complete these questions.
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Characteristic

Trigger stimulus

Sounds

Sights

Touch

Smells

Taste

Other stimuli

Sound triggers

Eating-related mouth sounds
Non-eating related mouth sounds
Nose sounds

Human voice sounds
Speech-related sounds

Hands or feet sounds
Animal-related sounds

People’s food-related behavior sounds
People’s non-food-related behavior sounds
Mechanical/digital sounds

Other sounds

N/A - not triggered by sounds
Sight triggers

Mouth-related movement
Hand/leg movement

Unwashed body part

Other sights

N/A - not triggered by sights
Smell triggers

Perfume smells

Chemical smells

Minty smells

Baseline
(n = 490)

489 (99.8%)
308 (62.9%)
131 (26.7%)
121 (24.7%)
24 (4.9%)
26 (5.3%)

Follow-up
(n=126)

126 (100.0%)
82 (65.1%)
35 (27.8%)
34 (27.0%)

8 (6.3%)
5 (4.0%)

114 (89.8%)
101 (79.5%)
105 (82.7%)
76 (59.8%)
48 (37.8%)
85 (66.9%)
56 (44.1%)
85 (66.9)
86 (67.7%)
68 (53.5%)
32(25.2%)
1(0.8%)

83 (65.4%
70 (55.1%

)
)
27 (21.3%)
27 (21.3%)

)

20 (15.7%
35 (27.6%)

31 (24.4%)
13 (10.2%)
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Characteristic

Gender

Male

Female

Other

Prefer not to say
Ethnicity

Asian

Black
Hispanic/Latina
White

Other

Prefer not to say
Health conditions*
Tinnitus

Vertigo

Anxiety
Depression

Other sensory conditions

Any other health conditions

df degres offredom.

Whole
sample
(n=994)

205 (216%)
768 (77.3%)
10(1.0%)
101%)

21 (21%)
9(09%)
26(26%)
904 (909%)
3(3%)
101%)

260 (26.2%)
148 (149%)
509(51.2%)
386(38.%)
114(115%)
230 (23.1%)

Baseline
Misophonia ~ General Pearson’s
(n=491)  population ¥ (df)
(n=503)
3562(3)
68 (138%) 147(29.2%)
416(847%) 352 (700%)
6(12%) 4(08%)
102%) 0(00%)
256(5)
9(18%) 12(24%)
4(08%) 5(10%)
15(31%) 11(22%)
444 (904%) 460 (91.5%)
18(3.7%) 15(3.0%)
102%) 0(00%)
146/(29.7%) 114(227%) 869(2)
94(19.1%) 54(107%) 1499(2)
346(703%) 163 (32.4%) 146()
266 (542%) 120 (239%) 937(2)
105 (21.4%) 9(18%) 101.58(2)
136 (27.7%) 94(187%) 19.10(2)

umber ofpaticipant who sated they do havethis healh condiion.

<0001

077

0013

0.001
<0001
<0001
<0.001
<0001

Whole
sample
(n=222)

19(21%)
169 (76.1%)
1018%)
0(00%)

0(00%)
1(05%)
607%)
205(923%)
10(45%)
0(00%)

55(248%)
33 (149%)
108(48.6%)
89(40.1%)
35 (158%)
61(27.5%)

Misophonia
(n=127)

18(142%)
107 (84.3%)
2(16%)
0(00%)

0(00%)
1(08%)
5(39%)
114 (89.%)
7(55%)
0(0.0%)

38 (299%)
25(19.7%)
83(654%)
70(55.1%)
34(268%)
2(331%)

Follow-up

General

population

(n=95)

31(326%)
62(653%)
2(21%)
0(00%)

0(00%)
0(0.0%)
1(11%)
91(955%)
362%)
0(00%)

17(17.9%)
8(84%)
25(26.3%)
19.(20.0%)
1(11%)
19.200%)

Pearson's
¥ (df)

1105(2)

3300)

)
545(1)
151
2250
216()
1467()

i

0004

0020
<0001
<0.001
<0.001
0097
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Measure

SF-36

Physical functioning

Role limitations physical health
Role limitations emotional problems
Energy/Fatigue

Emotional wellbeing

Social functioning

Pain

General health

Psychosocial variables

Anger

Disgust

Anxiety

Self-esteem

Depression

MRS subscales

Emotional

Physiological

Participation

Whole
sample
(n=994)

0.90
0.88
0.85
0.87
0.87
0.86
0.86
0.82

0.79
0.88
0.90
0.93
0.87

0.96
0.91
0.90

Baseline

Misophonia
(n=491)

0.91
0.89
0.85
0.85
0.84
0.82
0.88
0.83

0.77
0.87
0.88
0.92
0.84

0.85
0.86
0.78

General
population
(n=503)

0.87
0.85
0.82
0.87
0.86
0.85
0.83
0.80

0.69
0.80
0.88
0.91
0.86

0.91
0.90
0.89

Whole
sample
(n=222)

0.90
0.87
0.81
0.87
0.86
0.85
0.85
0.82

0.76
0.85
0.89
0.93
0.87

0.95
0.90
0.89

Follow-up

Misophonia
(n=127)

0.90
0.87
0.82
0.85
0.83
0.85
0.85
0.80

0.73
0.82
0.87
0.93
0.84

0.87
0.89
0.77

General
population
(n=95)

0.88
0.87
0.76
0.88
0.85
0.79
0.86
0.84

0.70
0.80
0.90
0.91
0.87

0.91
0.86
0.90
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Irritation

Annoyance

Tension

Frustration

Urge to escape (run)

Urge to cry

Feeling of physical pain

Feeling of being restrained in doing things

Feeling uncomfortable (discomfort)

Inability to concentrate

Inability to enjoy activities/events/situations, particularly involving louder
or specific sounds

Increased awareness of sounds (being forced to monitor sounds)

Fear of sounds

Emotional distress

Uneasiness

Worry

Anger

Stress

Being argumentative

Becoming aggressive

Decreased ability to control own reactions

Disgust

Sadness

Anticipation and the need to monitor/control the surroundings (being on
the look-out)

Apprehension

Distraction

Continuous alertness

Modified from Jastreboff and Jastreboff (2014b).
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Street sounds

Slamming doors

Sudden sounds

Leaf blowers

Lawnmowers

Swimming pool pump

Cafeterias/food courts

TV or radio with the volume set by a family member with normal hearing

Other people singing/humming

Vacuum cleaner

Boiling water

Sound of a refigerator

Popping popcorn

Supermarket

Supermarket freezer

Grocery stores.

Shopping malls

Crinkly bags

Crumpling or wrinkling paper

Hum of a computer

Hum of electricity

Sound of heating radiators

Office sounds (typing on a keyboard, printers, copy machine, and fax)

School breaks, cafeterias

Low-flying airplanes

Sound from other people’s headphones

Laughter

Sniffing

Snoring

Chewing gum

Other people breathing

Lip-smacking

Sounds of eating

swallowing

Chewing

Crunching sound

Clipping and filing fingernails

Toothbrush

Electric shaver

Hair dryer

Flushing toilet

Keys rattling

Moving hand on a surface

Sound of drawing with a felt-tipped pen

Dogs barking from the distance

Cat walking on a hardwood floor

Cat purring

Hamster on the wheel

Interestingly, sounds of nature, such as bird songs, running water, wind, and rain, are rarely
reported as negative (Hazell et al., 2002). Modified from Jastreboff and Jastreboff (2014b).
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DVMSQ correlations (Full sample) DVMSAQ correlations (S1 positive sample)

Total score Symptom Impairment Total score Symptom Impairment
score score score score
DMQ-SS (misophonia) 0.802 0751 0.723 0.855 0.782 0.728
0.783, 0.820 0.727,0.773 0.697,0.747 0.835, 0.872 0.754, 0.807 0.694, 0.758
DMQ N Triggers 0.641 0.598 0.584 0.507 0413 0.518
0.610, 0.67 0.563, 0.630 0.549,0.618 0.455, 0.556 0.355, 0.468 0.467, 0.566
DMQ Frequency 0.556 0.493 0.564 0.600 0.499 0.595
0.519, 0.59 0.453,0.532 0.527,0.598 0.555, 0.642 0.446, 0.548 0.549, 0.637
DMQ Impairment VAS 0.506 0.429 0.558 0.605 0.494 0.614
0.466, 0.544 0.386, 0.471 0.521,0.593 0.560, 0.646 0.441, 0.544 0.570, 0.655
IHS-LOUD (hyperacusis) 0.609 0.509 0.699 0.680 0.517 0.757
0.575, 0.64 0.469, 0.547 0.671,0.725 0.641,0.714 0.465, 0.565 0.727,0.785
DSM-SP (phonophobia) 0.599 0.491 0.709 0.701 0.537 0.775
0.564, 0.63 0.450, 0.530 0.682,0.734 0.665, 0.734 0.487, 0.584 0.746, 0.800
OASIS (anxiety) 0.383 0.330 0.414 0.459 0.364 0.486
0.338, 0.427 0.283,0.376 0.370, 0.457 0.404, 0.511 0.304, 0.422 0.433,0.536
ODSIS (depression) 0.345 0.300 0.366 0.385 0311 0.400
0.298, 0.390 0.252, 0.347 0.320,0.411 0.326, 0.442 0.248,0.371 0.341, 0.455
CUANGOS (anger) 0.383 0.338 0.394 0.448 0.381 0.430
0.337,0.427 0.291, 0.384 0.349, 0.437 0.392, 0.501 0.322,0.438 0.373,0.484
SSS-8 (somatic symptoms) 0.431 0.376 0.456 0.469 0.374 0.494
0.388, 0.473 0.330, 0.420 0.414, 0.497 0.414, 0.520 0.314, 0.431 0.441, 0.544
RLSS (quality of life) —0.225 —0.201 —0.226 —0.243 —0.201 —0.243
[—0.274, [-0.251, [~0.275, [—0.306, [—0.266, [—0.306,
—0.175] —0.151] —0.176] —0.178] —0.135] —0.178]

All correlations are presented with their 95% confidence intervals. “Full Sample” refers to the full Prolific sample (n = 1403), whereas “DVMSQ-complete Sample” refers to the subset of
individuals who answered “Yes” to the duke-vanderbilt Misophonia Screening Questionnaire (DVMSQ) screening question and completed all additional DVMSQ questions (n = 833).
DMQ-SS, Duke Misophonia Questionnaire-Symptom Scale; NTriggers, number of DMQ trigger categories endorsed; VAS, visual analog scale; THS-LOUD, Inventory of Hyperacusis
Symptoms “General Loudness” subscale; DSM-SP, DSM-5 Specific Phobia Severity Scale (modified for phonophobia); OASIS, Overall Anxiety Severity and Impairment Scale; ODSIS,
Overall Depression Severity and Impairment Scale; CUANGOS, Clinically Useful Anger Outcome Scale; SSS-8, Somatic Symptom Scale-8; RLSS, Riverside Life Satisfaction Scale.
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Item

12
6
12

Grouping variable
Autism diagnosis

Autism diagnosis
Autism diagnosis
Autism diagnosis

Sex

XZ

29.65

19.90
37.63
32.35
34.64

df

A o o

PFDR

<0.001

0.003
<0.001
<0.001
<0.001

UIDS

0.290

0.211
0.379
0.358
0.420

ESSD

—0.398

0.260
0.587
0.374
0.650

Non-invariant parameters

Slopes (a; higher in AUT, a3 lower in AUT) Intercepts (all
lower in AUT)

Intercepts (d; lower in AUT, d;_4 higher in AUT)
Intercepts (all higher in AUT)
Intercepts (all higher in AUT)
Intercepts (all higher in Males)

Results indicate omnibus Wald tests of differential item functioning (DIF) using a version of the iterative anchor-selection method of Cao et al. (2017). Items presented in bold

demonstrated differential item functioning large enough to be deemed “practically significant” (i.e., [ESSD| > 0.5). Parameter groups (i.e., either slopes or intercepts) that were significantly
different between groups when tested alone with follow-up Wald tests (p < 0.05, uncorrected) are indicated in the “Non-invariant Parameters” column. Higher intercepts indicate less
item difficulty (i.e., more item endorsement at a given latent trait level). UIDS, unsigned item difference in the sample (unsigned DIF effect size in response scale units); ESSD, expected
score standardized difference (signed DIF effect size in Cohen’s d units); AUT, autism group.
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Prolific sample Spark sample

a az as aq as dy dy ds dy ay az as ay as d d, ds dy
Item 1 196 109 — - - 5.69 3.46 0.49 —2.35 .60 0.77 - - — 603 448 206  —0.01
tem2 515 583 — - - 6.03 0.41 —570  —11.90 4.32 5.36 - - — 738 359 227 —693
Item4 082 055 066 — - 1.46 0.56 —098  —2.66 .00 064 —007 — - 82 078  —053 —197
Item5 285 — 217  — - 2.09 0.07 —244  —561 234 - 1.00 - — 406  2.80 110 —0.90
Item6 207 — 097 — - 2.80 1.16 —092  —276 241 - 1.84 - - 674 523 2.64 0.45
Item 7 78 137 0.16 1.85 3.48 5.18 55 1.40 - - - 16 =029 —2.01 —3.39
Item8 224  — - - - 065 —0.68 —243  —455 70 2.6 129  —029 —173
Item9 247  — - - - 3.75 1.98 —034  —275 227 625 459 1.9 0.03
Item 10 132 — 030 — - 018 —047 —1.60  —291 31 - 0.11 - - 73 134 028  —0.94
Item12 129 — 030 — - 139  —010 —175  —3.49 25 - 025 049 — 354 221 0.4 —1.20
Item 13 253  — - 259 1.67 496 7.52 9.60 244 - - 325 — 268 —080 —467 —7.70
Item 14 138  — - 1.70 0.79 2.80 4.61 6.52 43 - - 242 — 091 —100 =313 —5.14
Item 15 212  — - 267 2.75 4.92 7.26 8.83 69 - - 225 — 075 —139 367 —6.04
Item 16 179  — - 273 3.36 5.24 6.92 8.87 25 - - 198 — 004 —098 —240 —3.73
Item 18 352  — — 287 198 0.13 435 7.66 1069  3.00 - - 255 199 55 126 —282 —6.30
Item 19 533  — — 428 352 0.18 6.89 11.19 1565  3.57 - - 282 274 73 183 —252 —7.34
Item20 335  — - 278 184 2.67 6.17 8.19 1046  2.56 - - 1.90 183 285 —030 —343 577

Both models assume that all latent variables are orthogonal and have a standard normal distribution (i.e., M = 0, SD = 1) in the population. Differences in intercept terms between the
two groups are not significant after considering the higher mean scores on the misophonia latent trait in the SPARK sample. a;-as = slope parameters (higher values indicate stronger
relationships with the latent variables [i.e., stronger factor loadings]); d —-d4 = intercept parameters (higher values indicate “less difficult” or more easily endorsed item categories).
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Item Abbreviated content Response Fulfills rit DMQ-SS rDSM—SP YIHS—LOUD

distribution criterion
(0/1/2/3/4)
1 Intense irritation or annoyance 17/72/284/296/164 55.2% 0.610 0.558 0.312 0.321
2 Anger or rage 189/229/227/127/61 22.6% 0.650 0.638 0.337 0.328
3 Fear or panic 514/175/88/39/17 - 0.639 0.575 0.553 0.499
4 Disgust 200/137/247/165/84 29.9% 0.380 0.383 0.216 0.164
5 Urge to run away from sound 259/173/188/143/70 25.6% 0.682 0.582 0.424 0.380
6 Urge to block out sound 135/160/241/161/136 35.7% 0.628 0.565 0.427 0.413
7 Violent urges 454/182/109/56/32 23.6% 0.649 0.594 0.305 0.317
8 Loss of control 353/163/164/103/50 38.1% 0.718 0.608 0.403 0.430
9 Attention capture by trigger 87/131/250/217/148 - 0.696 0.623 0.437 0.460
0 Physical response 405/103/146/103/76 - 0.598 0.554 0.471 0.435
1 Excessive/unreasonable reactions 156/272/239/121/45 - 0.665 0.626 0.421 0.504
2 Avoidance of triggers 218/219/226/122/48 47.5% 0.595 0.489 0.488 0.459
3 Impairment - Social 553/190/63/19/8 10.8% 0.837 0.654 0.624 0.670
4 Impairment — Occupational 513/192/86/32/10 15.4% 0.672 0.564 0.539 0.536
5 Impairment - Domestic 640/115/55/14/9 9.4% 0.803 0.619 0.623 0.634
6 Impairment - Community 685/86/38/17/7 7.4% 0.752 0.572 0.618 0.636
7 Impairment - Concentration 233/289/171/103/37 - 0.690 0.644 0.598 0.607
8 Global impact - Mental health 430/240/104/41/17 19.5% 0.838 0.695 0.665 0.723
9 Global impact - Created problems 430/252/89/44/18 18.1% 0.834 0.697 0.675 0.726
20 Global impact - Life worse 595/151/47/24/15 10.4% 0.867 0.660 0.634 0.704

“Fulfills criterion” indicates the percentage of the 833 respondents whose response to a given item was sufficient to fulfill a given DVMSQ-based criterion from Table 2 (i.e., a score of
>2 or >3 depending on the specific item; see Table 2). rj¢, corrected polyserial item-total correlation; rpyq-—ss, polyserial correlation between item and Duke Misophonia Questionnaire—-
Symptom Scale total score; rpsp—sp, polyserial correlation between item and DSM-5 Specific Phobia Severity Scale (modified for phonophobia); 75— Loup, polyserial correlation between

item and Inventory of Hyperacusis Symptoms “General Loudness” subscale.
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Prolific sample SPARK sample

Full sample S1 positive Clinical Full sample S1 positive Clinical
misophonia misophonia

Sample size 1403 833 102 936 647 332
Age (years) 32.27 (12.55) 31.11(11.91) 29.69 (10.97) 37.49 (13.28) 37.44 (12.82) 37.19 (12.40)
Sex
Male 686 (48.9%) 334 (40.1%) 28 (27.5%) 346 (37.0%) 184 (28.4%) 71 (21.4%)
Female 717 (51.1%) 499 (59.9%) 74 (72.5%) 590 (63.0%) 463 (71.6%) 261 (78.6%)
Gender
Male 669 (47.7%) 321 (38.5%) 27 (26.5%) 283 (36.2%) 150 (27.7%) 55 (19.9%)
Female 685 (48.8%) 468 (56.2%) 64 (62.7%) 457 (58.5%) 356 (65.8%) 194 (70.3%)
Non-binary or other gender 49 (3.5%) 44 (5.3%) 11 (10.8%) 41 (5.2%) 35 (6.5%) 27 (9.8%)
Race
White 1106 (78.8%) 674 (80.9%) 85 (83.3%) 854 (91.2%) 592 (91.5%) 307 (92.5%)
American indian or alaska native 26 (1.9%) 4 (1.7%) 3(2.9%) 57 (6.1%) 46 (7.1%) 30 (9%)
Asian 154 (11%) 80 (9.6%) 3(2.9%) 38 (4.1%) 23 (3.6%) 16 (4.8%)
Black or african american 104 (7.4%) 59 (7.1%) 9 (8.8%) 40 (4.3%) 31 (4.8%) 17 (5.1%)
Middle eastern or north african 20 (1.4%) 2 (1.4%) 3(2.9%) 8(0.9%) 7 (1.1%) 5(1.5%)
Native hawaiian or other pacific islander 3(0.2%) 2 (0.2%) 0 (0%) 4 (0.4%) 3 (0.5%) 3(0.9%)
Other race 8 (0.6%) 2 (0.2%) 0 (0%) 7 (1.8%) 14 (2.2%) 5(1.5%)
Hispanic or latino ethnicity 138 (9.8%) 82 (9.8%) 6 (5.9%) 67 (7.2%) 50 (7.7%) 27 (8.1%)
Education
No high school diploma 18 (1.3%) 11 (1.3%) 2 (2.0%) 5(1.6%) 9 (1.4%) 6(1.8%)
High school diploma or GED 201 (14.3%) 106 (12.7%) 18 (17.6%) 123 (13.1%) 79 (12.2%) 36 (10.8%)
Trade or vocational school 13 (0.9%) 8 (1.0%) 2 (2.0%) 34 (3.6%) 25 (3.9%) 13 (3.9%)
Some college but no degree 371 (26.4%) 230 (27.6%) 28 (27.5%) 217 (23.2%) 158 (24.4%) 93 (28%)
Associate Degree 93 (6.6%) 62 (7.4%) 11 (10.8%) 96 (10.3%) 72 (11.1%) 34 (10.2%)
Bachelor’s degree 453 (32.3%) 279 (33.5%) 33 (32.4%) 221 (23.6%) 137 (21.2%) 71 (21.4%)
Some graduate school but no degree 48 (3.4%) 23 (2.8%) 2 (2.0%) 53 (5.7%) 35 (5.4%) 19 (5.7%)
Master’s degree 160 (11.4%) 95 (11.4%) 6 (5.9%) 122 (13%) 93 (14.4%) 44 (13.3%)
Professional degree 25 (1.8%) 9 (1.1%) 0 (0%) 31 (3.3%) 21 (3.2%) 9(2.7%)
Doctoral degree 21 (1.5%) 10 (1.2%) 0 (0%) 24 (2.6%) 18 (2.8%) 7 (2.1%)
DMQ-SS mean score (0-4) 0.70 (0.77) 0.99 (0.8) 2.28 (0.65) 1.36 (1.00) 1.67 (0.93) 2.19 (0.78)
DMQ Nyiggers (0-16) 2.77 (2.73) 3.92 (2.77) 6.91 (2.89) 4.97 (3.75) 6.28 (3.55) 7.66 (3.48)
DMQ impact VAS (0-100) 32.59 (24.53) 35.69 (24.69) 63.25(19.21) 42.52 (29.37) 50.4 (26.82) 62.2 (23.22)
[HS total score (25-100) 40.88 (15.15) 45.19 (16.06) 70.33 (14.48) 59.86 (18.68) 65.53 (16.7) 75.87 (12.04)
THS general loudness score (3-12) 4.94 (2.22) 5.51(2.39) 8.74 (2.13) 2.76 (0.92) 3.04 (0.78) 3.45 (0.51)
DSM-SP phonophobia score (0-4) 0.45 (0.65) 0.59 (0.72) 1.65 (0.83) 1.16 (1.00) 1.38 (1.00) 1.89 (0.91)
OASIS total score (0-20) 5.88 (4.7) 6.68 (4.52) 10.94 (3.67) - - -
ODSIS total score (0-20) 4.53 (5.07) 5.32(5.2) 9.41 (5.58) - - -
CUANGOS total score (0-20) 2.57 (3.28) 3.07 (3.44) 6.15 (4.58) - - -
SSS-8 total score (0-32) 8.03 (5.97) 9.24 (6.08) 15.44 (6.32) - - -
RLSS total score (6-42) 23.33 (8.85) 22.35(8.82) 18.31 (7.22) - - -

Continuous variables are presented as M (SD), whereas categorical variables are presented as N (%). S1 Positive, screen positive on DVMSQ “screening” item; DMQ-SS, Duke Misophonia
Questionnaire-Symptom Scale; NTriggers, number of DMQ trigger categories endorsed; VAS, visual analog scale; IHS-LOUD, Inventory of Hyperacusis Symptoms “General Loudness”
subscale; DSM-SP, DSM-5 Specific Phobia Severity Scale (modified for phonophobia); OASIS, Overall Anxiety Severity and Impairment Scale; ODSIS, Overall Depression Severity and

Impairment Scale; CUANGOS, Clinically Useful Anger Outcome Scale; SSS-8, Somatic Symptom Scale-8; RLSS, Riverside Life Satisfaction Scale.
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Criterion

A. Presence of one or more commonplace “trigger” sounds® that reliably elicit
intense and inappropriate emotional responses, irrespective of sound intensity or
perceived loudness.

B. Trigger sounds reliably? evoke feelings of extreme irritation, anger, rage and/or
disgust® that are clearly excessive, unreasonable, or out of proportion to the
circumstances (whether or not the individual recognizes them as such).

C. The individual actively avoids situations or activities that include trigger sounds,
endures these situations with intense discomfort, or needs to block out potential
trigger sounds (e.g., using earplugs, music, or white noise) to cope with these
situations.

D. If unable to avoid trigger sounds or stop them from occurring, the individual
experiences a significant loss of self-control, potentially resulting in emotional
outbursts or other extreme reactions (e.g., yelling/screaming, running out of the
room, panic attacks, and rarely physical aggression).

E. The emotional reactions to trigger sounds are persistent, typically lasting for

6 months or more. Specific triggers do not need to remain constant over this period,
but at least one trigger sound must meet both criteria A and B at all times over the
preceding 6-month period.

F. Emotional reactions to trigger sounds and/or avoidance of these sounds cause
clinically significant distress or impairment in social, occupational, or other
important areas of functioning.

DVMSQ operationalization

Item S1 [Screening] = Yes

One or more of the following:
Item 1 [Irritation] > Often
Item 2 [Anger/Rage| > Often
Item 4 [Disgust] > Often

One or more of the following:

Item 12 [Avoidance] > Sometimes
Item 5 [Urge to run away] > Often
Item 6 [Urge to cover ears] > Often

One or more of the following:
Item 8 [Lack of Control] > Sometimes
Item 7 [Urge to be violent] > Sometimes

Not assessed by DVMSQ Assumed to be true if all other criteria
are satisfied.

Two or more of the following:

Item 13 [Social] > Moderate

Item 14 [Occupational] > Moderate
Item 15 [Household] > Moderate

Item 16 [Community] > Moderate
Item 18 [Mental Health] > Moderate
Item 19 [Global Problems] > Moderate
Item 20 [Life Affected] > Moderate

To meet the duke-vanderbilt Misophonia Screening Questionnaire (DVMSQ) criteria for “clinically significant misophonia,” an individual must meet all criteria A-F (criteria E is not

assessed by the DVMSQ and is assumed to be true if all others are satisfied). Individuals who meet criteria A-D but not criterion F are classified as having “sub-clinical misophonia.” Note

that the item numbers in this algorithm refer to the original DVMSQ and not the revised version provided in the supplemental information.

*In accordance with the recent consensus definition of misophonia, these criteria do not require that the individual be triggered by chewing or other oro-nasal sounds.

b These emotional reactions may be dependent on the context in which the trigger is encountered (e.g., only occurring when the trigger is produced by a specific person), but the reaction

should be easily reproducible within that specific context.

‘Emotional responses to trigger sounds may be accompanied by fear, anxiety, or physical symptoms of sympathetic arousal (e.g., heart pounding, muscle tension, sweating, and

paresthesia), but in the absence of anger, irritation or disgust, these reactions are insufficient to meet criterion B.

dIncludes both direct avoidance of the trigger stimulus and indirect avoidance (i.e., actions taken to stop the stimulus from occurring, such as telling another person to stop making a

sound, removing triggering household items, etc.).





OPS/images/fnins-16-971752/fnins-16-971752-g003.jpg
Irritability
Sensitivity
Worry
Tense
MIS
PTSD
Anxiety
MDD
Nerves
Guilt
Miserable
Neuroticism

b by e —_— )

- — e ——

o = > 9 QO o [ L

T c = N X B P> = 5

= c & @ O 55 ®© 0

= O QO — — C Q = >

En== S =z2z03=

* %% * %k %k * % % * %%k * % * *% *%k %

%%k %* % % *kk % %% * k% %* * k% %* % %

* %% % % % %* % % % % % * % * % *%k %k

% %% %%k % %* % % % %% * % * dk %k * %k %k

* % %* % %k * % *% * %% * * * k% %* %%k * %k %k %* %k %

* * * * * %k % * %* % % * %%k * %%k %* % % %% %

* % %k %k * % %* %%k * %* % % % % % % %% * %%k %* % % %% %

* %k %k ok * %k %k * %% * * % % %% % %* % % %* %%k %* %% * %% * %%
* %% * % % IR %* % % L 3 * %%k * %% %% %
* k% %* % % % % % %* % % %* %%k % % % %* % % %* % %
%* %% % % % %%k % %* % % %* %%k %* %% * % % *% %
* %%k * % % %% % % % % * %% * %%k %* % % %%k %

0.8

0.6





OPS/images/fpsyg-13-897901/fpsyg-13-897901-t001.jpg
Item

S1

S2

et

o e NN N U o= W N

0b

(=2 N2 B )

~

20

Verbatim content

Are there specific sounds that you are extremely bothered by, even if they are not
loud? Examples include: chewing, slurping, crunching, throat clearing, finger
tapping, foot shuffling, keyboard tapping, rustling, nasal sounds, pen clicking,
appliance humming, clock ticking, and animal sounds.

Please list the sounds that you are extremely bothered by, even when they are
soft.

‘When you are exposed to the bothersome sounds listed above, how often do
you experience.

Intense feelings of irritation or annoyance?

Feelings of anger or rage?

Feelings of fear or panic?

Feelings of disgust?

Urges to run away from the sound?

Urges to cover your ears or block out the sound in some other way?
Urges to lash out violently at the person or object making the sound?
Feeling like you cannot control your response to the sound?
Difficulty focusing on anything except the sound?

Some sort of immediate physical response? (e.g., tensing of muscles, heart racing,
warmth, tingling, pain, or tightening of stomach)

Please describe the immediate physical response you have to the above sounds.

How often are your emotional responses to these bothersome sounds excessive,
unreasonable, or out of proportion to how most other people would respond?

How often do you avoid situations where you may potentially hear these
bothersome sounds?

In the past 7 days, how much did your sound sensitivities interfere with.
Your ability to interact with other people?

Your ability to be productive at work or school?

Your ability to take care of your household responsibilities?

Your ability to participate in community activities (for example, festivities,
religious, or other activities)?

Your ability to concentrate?

To what degree have your sound sensitivities negatively impacted your mental or
emotional health?

To what degree do you believe that your sound sensitivities have created
problems for you?

To what degree do you believe that your sound sensitivities have made your
entire life worse?

Response options

Yes/No

[Free Text]
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Never/
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‘Sound name Identification accuracy Rating when perceived as Identification Rating when perceived as Rating

unpleasant or misophonic  accuracy neutral o pleasant difference

(V) Tool Scrape Incorrect -08 Correct -04 04
(V) Squeezing spray bottle  Incorrect -10 Correct 0.1 1.4
(V) Sink draining Incorrect -15 Correct 05 20
(V) Stirring cereal Incorrect -10 Correct 0.4 1.4
(V) Chewing food Correct 038 Incorrect 1.5 o7
(V) Fork scraping plate Correct -20 Incorrect ~-13 o7
(V) Ringing fire alarm Correct -15 Incorrect 12 03
Average -10 -01

For each sound stimulus, the sound token name is presented in the first column, with an added 'V" to signify the sound is vocoded. The Identification accuracy column
ilustrates whether participants identified the sound correctly, i.e., with a label that fit into the same a priori emotional category (correct), or whether they misidentified the
sound with a label that fit into a different a priori emotional category (incorrect). For the correct entries, the mean pleasantness rating s taken across those participants
who correctly identified the sound (less than 21 but always greater than 3, see Table 6); for the incorrect entries, the mean pleasantness rating is taken across the 3 or
more participants who made similar mistakes on the same sound. The green and purple color code for these averages connects with the one seen in Supplementary
Tables S4, S6. Here, a green box denotes when any category of sound is perceived as a sound in a Neutral valence group. A purple box denotes when any category of
sound is perceived as a sound in a Negative valence group (either misophonic or unpleasant category).
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Misophonia No misophonia

Other sensory variables N Percentage N Percentage Chi-squared df
Triggers
Visual 21 38.9% 92 31.8% 0.86 1
Smell 27 50.0% 143 49.5% 0.03 1
Taste 19 35.2% 93 32.2% 0.23 1
Texture 32 59.3% 127 43.9% 3.34 1
Misophonia No misophonia

M SD M SD 4 u
Severity
Visual 1.43 125 0.91 1.15 -3.24* 5104
Smell 1.88 152 1.82 1.27 -2.57* 5559
Taste 1.71 1.50 0.96 107 -3.48* 4843.5
Texture 2.18 1.66 1.24 1.30 -3.71** 5007

Report of other sensory triggers by sensory modality, including percentage of total group (misophonia vs no misophonia). Mean values for level of other sensory trigger
severity by group and z-scores. Z-scores reflect Mann-Whitney tests. p > 0.05, *p < 0.05, *p < 0.01, **p < 0.001.
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Chi-squared Cluster 1 Cluster 2 Cluster 3

Other sensory variables X2 df N % N % N %
Triggers
Visual 8.88"* 2 4 46.1% 33 26.4% 39 35.1%
Smell 6.83* 2 56 60.2% 55 42.6% 59 52.2%
Taste 14.70* 2 38 41.3% 27 21.6% 47 43.1%
Texture 21.05"* 2 56 60.9% 40 32.0% 63 54.8%
Kuskal-Wallis Cluster 1 Cluster 2 Cluster 3
H df M SD M SD M SD
Severity
Visual 13.02** 2 1.29 1.29 0.66 0.99 1.01 1412
Smell 16.04*** 2 1.78 1.47 0.97 142 1.44 1.35
Taste 16.49*** 2 1.38 1.44 0.67 0.98 1.24 1.28
Texture 28. 72" 2 1.84 1.59 0.77 1.05 1.62 1.39

Chi-squared results for endorsement of triggers in other sensory modalities, with number and percentage of each cluster. Group differences on trigger severity across
clusters assessed using Kruskal-Wallis, with H scores reported. p > 0.05, *p = 0.05, *p = 0.01, **p = 0.001.
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Standardized path coefficients

Model path Cluster 1 Cluster 2 Cluster 3

Anxiety intensity model

Misophonia— Anxiety intensity 0.35"* 0.12 0.29*
Anxiety intensity—Emotional behaviors 0.28" 0.06 0.17*

Misophonia—Emotional behaviors 0.41* 0.44* 0.46™*
Anxiety frequency model

Misophonia— Anxiety frequency 0.27* 0.08 0.18

Anxiety frequency— Emotional behaviors 0.18 -0.03 0.19*
Misophonia—Emotional behaviors 0.47* 0.45 0.48™*

*p < 0.05, ¥p < 0.01, *”p < 0.001, all two tailed. Mediation models for each cluster follow the same model structure as those in Figure 2 (anxiety intensity) and 3
(anxiety frequency).
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Misophonia

No misophonia

Clinical variables M SD M SD t df Cohen’s d
MQ sounds sensitivity 16.30 5.00 11.36 4.88 —6.75"* 336 -1.01
MQ emotional behaviors 21.81 6.89 12.51 6.41 -9.49* 331 -1.43
MQ total 38.10 9.12 23.97 9.55 -9.86"* 328 -2.93
THI total 24.00 16.55 14.66 16.48 -3.04** 165 -0.57
ASP - Auditory processing 31.69 6.84 27.08 6.60 —4.67* 337 -0.69
ASP - Low registration 40.00 8.05 34.94 9.193 -3.78"™** 333 -0.56
ASP — Sensory seeking 47.15 8.84 46.53 8.48 -0.47 332 -0.07
ASP - Sensory sensitivity 43.94 9.67 37.98 9.18 —4.29"* 330 -0.64
ASP — Sensation avoiding 41.27 8.43 37.41 8.97 =2.87* 329 -0.43
BAPQ total 3.28 0.43 3.02 0.55 378 84.11 -0.48
BAPQ — Aloof 3.09 0.70 2.94 0.85 -1.82 83.49 -0.17
BAPQ - Pragmatic language 2.95 0.47 2.67 0.85 —3.41™* 335 -0.51
BAPQ - Rigid 3.54 0.56 3.19 0.62 -3.75"* 335 -0.56
SPQ - Cogpnitive perceptual 39.76 7.8 34.22 8.9 —4.26™* 335 -0.63
SPQ - Interpersonal 31.15 7.61 27.52 8.53 —2.89" 337 -0.43
SPQ - Disorganized 24.56 6.09 22.49 6.32 —2.21* 333 -0.33
S-Five triggers 1 23.98 9.88 14.44 7.67 —6.54*** 61.49 -1.19
S-Five triggers 2 19.88 12.47 10.59 8.30 547+ 59.73 -1.02
S-Five triggers 3 12.45 8.57 7.76 6.01 -3.82"** 61.97 -0.75
S-Five presence 48.24 12.88 34.32 11.27 —8.14** 340 -1.21
S-Five emotional experience 61.38 16.10 44.85 13.22 -8.05"** 334 -1.07
S-Five reaction behaviors 60.20 15.49 45.16 13.81 -7.19"** 338 -1.07
S-Five perceptions of misophonia 2715 10.79 18.44 8.19 —6.65" 330 -0.92

Mean values for all clinical variables by group and t-scores. T-scores accompanied by non-whole number degrees of freedom are t-tests without assumed variance.
p > 0.05, *p < 0.05, *p < 0.01, **p < 0.001.
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Frequency of endorsement

S-Five trigger item t M SD 0 1 2 3 4 5
Loud chewing —4.64*** 2.09 1.09 25 67 140 77 27 6
Crunching an apple —5. 25" 0.91 117 179 72 49 30 10 2
Swallowing —4.59*** 0.92 1.14 163 96 45 22 13 2
Lip smacking —5.24** 1.85 1.23 51 88 106 60 32 5
Slurping —3.74** 1.64 1.27 7 88 94 50 28 4
Breathing —4.27** 0.75 1.03 186 89 42 16 5 3
Throat clearing —5.34"* 1.01 1.06 139 105 59 34 4 1
Coughing 341+ 0.97 1.06 148 96 64 28 5 1
Nose sniffing —4.92+* 1.09 1.08 123 110 70 27 1
Baby crying -0.32 1.78 1.21 59 81 103 7 13 7
Repetitive barking —2.46* 1.85 1.18 36 96 96 75 33 3
Certain letter sounds -2.32* 0.32 0.70 268 44 22 6 1 0
Certain accents ~1.56 0.30 0.74 280 34 18 7 3 0
Hiccups —2.74* 0.59 0.83 195 106 28 1
Tapping pen -3.29% 1.45 1.14 73 127 79 45 16 3
Tapping foot —4. 71+ 1.18 1.12 111 17 72 29 12 2
Tapping finger —4. 21 1.14 1.13 121 109 63 36 2
Swinging legs -3.85"* 0.63 0.97 213 72 38 14 1
Clicking pen —3.94** 1.59 1.16 64 109 95 54 15 4
Keyboard tapping —3.54=* 0.76 1.05 192 74 43 26 1
Rustling plastic -3.83"* 1.06 1.05 126 109 73 25 7 1
Whistling sound -3.21** 0.96 1.09 153 99 53 27 11 0
Rustling paper -3.39** 0.81 1.00 173 91 57 13 8 1
Car engine -1.85 0.41 0.80 254 52 23 13 1 0
Clock ticking —4.78* 0.91 1.15 167 92 49 19 11 4
Humming of object —4.18"* 0.89 1.1 169 93 43 28 8 2
Low frequency bass sounds =8.1 1 0.56 0.96 229 63 31 13 1
Skin picking -1.06 1.10 1.27 155 77 (1] 37 15 4
Foot wiggling —2.68" 0.51 0.90 235 61 28 13 1
Hair twirling -1.77 0.32 0.74 276 33 23 9 1 0
Pacing -2.83** 0.81 1.04 173 97 44 16 11 0
Nail biting —-2.08* 0.78 1.07 187 82 46 18 6 3
Hands to mouth -1.77 0.60 0.94 214 77 33 12 7 0
Slimy textures -2.16* 1.35 1.31 114 89 74 42 12 10
Strong smells -2.62% 1.95 1.29 59 65 90 100 17 11
Seeing someone chew gum -3.84* 0.65 112 230 51 32 17 9 4

All items are on a scale of 0-5 and not all triggers are auditory-specific stimuli. Trigger items are from the 2018 version of the S-Five psychometric tool for Misophonia
evaluation. T-scores reflect independent samples Welch’s t-tests comparing trigger item endorsement by group (misophonia vs no misophonia). p > 0.05, “p = 0.05,
**p =0.01, **p = 0.001.
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Frequency of endorsement

MaQ trigger item t M SD 0 1 2 3 4
People eating —4.59"** 2.34 1.16 24 56 107 93 63
Repetitive tapping —2.96™ 2.06 1.19 35 86 86 94 42
Rustling —-4.69*** 1.66 1.19 62 109 82 63 26
Nasal sounds —4.21*** 1.98 1l 32 100 92 78 39
Throat sounds -3.98*** 1.91 1.21 47 89 88 83 35
Vowel/consonant sounds -3.85"* 0.79 1.01 174 102 35 25 6
Environmental sounds —4.14% 1.39 118 93 109 75 44 22

All items are on a scale of 0—4. T-scores reflect independent samples t-tests comparing trigger item endorsement by group (misophonia vs no misophonia). p > 0.05,
**p =0.01, **p = 0.001.
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Dichotomous outcomes Trichotomous outcomes

Clinical variables ANOVA Cluster 1 Cluster 2 Cluster 3 Cluster 1 Cluster 2 Cluster 3
F df M SD M SD M SD M SD M SD M SD
MQ sound sensitivity 42,67 2,335 0.65 0.96 -048 0.79 0.03 0.95
MQ emotional behaviors 55.19"** 2,330 0.68 0.93 -056  0.77 0.09 098
MQ severity 48.12"** 2,240 0.64 1.10 -0.53  0.65 0.09 0.92
THI total 2291 2,164 0.01 0.82 -0.58 0.32 0.54 1.25
ASP sensory seeking 6.88*** 2, 331 0.32 0.93 -0.06 1.09 -0.18  0.89
ASP auditory processing 96.26"** 2,336 0.34 0.75 -0.756  0.87 0.58 0.75
ASP low registration 84.03"** 2,332 0.26 0.74 -0.71 0.83 059 0.86
ASP sensory sensitivity 100.34** 2,329  0.42 0.76 -0.76 0.77 0.55 0.84
ASP sensation avoiding 127.64* 2,328 0.19 0.73 Q.77 0.71 0.76 0.81
BAPQ aloof 86.35* 2,33 -0.30 0.77 -0.51 0.95 0.79 0.67
BAPQ pragmatic language ~ 99.33*** 2,334 -0.07  0.69 -0.66  0.83 0.77  0.82
BAPQ rigid 79.31* 2,334 0.25 0.86 -0.70 0.83 0.58 0.78
BAPQ total 191.38** 2,324 -0.09 0.64 -0.79  0.81 093 054
SPQ disorganized 49.01"* 2,332 0.07 0.95 -0.55 092 056  0.77
SPQ cognitive perceptual 68.81*** 2,334 0.08 0.86 -0.62 0.83 064 085
SPQ interpersonal 90.14** 2,336 -0.19  0.83 -0.57  0.89 0.79  0.69

F-scores reflect ANOVA results for the three-cluster solution split by within cluster significance into dichotomous or trichotomous. All variables were z-score transformed.
p > 0.05, **p =0.001.
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Variable

Age (Years)

Gender

Male

Female

Non-binary

Ethnicity

Caucasian

Black/African American
Latino/Hispanic

Asian/Asian American
American Indian/Alaska Native
Native Hawaiian/Other Pacific Islander
Other

Education

Less than high school degree
High school graduate

Some years of college/university (no degree)
Vocational training

Associates degree

Bachelor’s degree

Master’s degree

Professional degree

Doctorate degree

M=1896SD =1.7

104 Male (30.3%)
239 Female (69.7%)
0 Non-binary (0%)

N = 263 (76.7%)
N =32 (9.3%)
N = 46 (13.4%)
N =28 (8.2%)
N = 26 (7.6%)

N =2 (0.6%)
N =2 (0.6%)

N =2(0.6%)
N =129 (37.6%)
N =194 (56.6%)

N=2(0.6%

N=8(2.3%

N=5(1.5%

N=1(0.3%

N =0 (0%)
N =0 (0%)

)
)
)
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Protocol type

Inhibitory rTMS

cTBS

Inhibitory tDCS
Excitatory rTMS

iTBS

Excitatory tDCS

Examples of parameters reccommended by other experimental studies

1 Hz, continuous 110% rMT

Continuous train of 600-1,200 pulses applied in the theta burst pattern (bursts of three stimuli at
50 HZ repeated at 5 Hz frequency) 80% rMT, 600 total pulses

Constant current of 1.5 mA

10 Hz, 4-5 s trains, 15 s inter-train intervals at 120% rMT, over 1,600 pulses

Triplet 50 Hz bursts, repeated at 5 Hz; 200 ms on and 8 s off

Constant current of 1.5 mA

Citation

Tremblay et al., 2012
Turi et al., 2021

Huang et al., 2005
Valchev et al., 2015
Dutta et al., 2021

Antonenko et al., 2017

Horvath et al., 2010
Cash etal., 2017

Turi et al., 2021

Maeda et al., 2000
Pitcher et al., 2017
Blumberger et al., 2018

Baeken et al., 2010
Feeser et al., 2014





OPS/images/fnins-16-893903/fnins-16-893903-t003.jpg
Technique

Repetitive Transcranial
Magnetic Stimulation
(rTMS)

Deep Transcranial
Magnetic Stimulation
(dTMS)

Theta Burst Stimulation
(TBS)

Transcranial Direct
Current Stimulation
(tDCS)

Overview

Uses a figure-8 coil to generate a magnetic field
that induces electricity within brain region
right underneath the center of the coil. RTMS
uses trains of magnetic pulses at specific
intervals called inter-train interval (ITT).
Frequencies of stimulation lower than 5 Hz are
considered inhibitory, while over 5 Hz are
considered excitatory.

Uses an H-shaped coil, which is inserted in a
spherical helmet placed on the head. The
resulting magnetic field can induce electrical
current in deeper brain regions than rTMS.
The gain in depth comes with reduced
stimulation precision.

Uses a figure-8 coil, like rTMS but instead of
trains of single pulses, delivers trains of triple
pulses at a higher frequency.

Uses direct electrical currents to stimulate a
brain network. Two electrodes placed over the
head modulate neuronal activity via a steady
current. Has two different types depending on
need: anodal, which excites the network it
targets, and cathodal, which reduces neuronal
activity, thus allowing for greater control.

Advantages

RTMS is the most traditional application of
brain stimulation that has been FDA-approved
for several interventions. There are several
devices available that administer rTMS safely
(Rossi et al., 2021) and a wide body of literature
that characterizes parameter differences exists
and can inform novel interventions.

Deeper structures, such as the medial
prefrontal cortex or the anterior cingulate
cortex, can be targeted using this technology.
The use of a helmet to host the coil may make
it easier to administer than rTMS.

The main advantage is that the same amount of
stimulation achieved with a 35-40 min rTMS
session can be achieved with only 3 min of
iTBS. This allows for accelerated sessions (i.e.,
having multiple stimulation sessions in the
same day)

TDCS devices are much cheaper and easier to
maintain than rTMS/dTMS/TBS devices. Naive
adults can be taught to use these devices in
their own homes, increasing feasibility of
dissemination. Furthermore, integration with
MRI and EEG is easier to accomplish with
tDCS than with other stimulation modalities.

Risks and disadvantages

RTMS can be painful or uncomfortable for up
to 40% of those who undergo this treatment
modality. There is a very low likelihood for
seizures, especially with excitatory stimulation.
Other risks are scalp, jaw, or face muscle
contractions, mild headaches, and transient
mood changes. Treatments that involve rTMS
alone may require daily visits to a site where
equipment to administer it exists.

Potential risk of dTMS are similar to rTMS
with the addition of possible facial, tooth, or
neck pain usually just during the stimulation.

The trade-off of increases efficiency of TBS
comes with an increased risk for seizure.
However, seizures are still considered a rare
event.

The risks of tDCS are similar to those of rTMS.
There is also a low probability for scalp burns.
A disadvantage of this technology is that the
results for its efficacy are mixed (e.g., Santos
etal,, 2018), and, therefore, it may be less
effective than other types of neurostimulation.
Currently, there is no FDA approved treatment
that relies on tDCS, and experts highlight the
need for more mechanistic understanding for
this technology (Fregni et al., 2015).
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Insula

OFC/
vmPFC

Cingulate cortex

PMv

SMA

STC

Amygdala

dIPFC

OCPD

Increased higher
amplitudes of
low-frequency
fluctuation in left
insula at rest; smaller
gray matter volume

Smaller OFC volume

Smaller gray matter
in the cingulate
cortex

Smaller volume

Smaller gray mater
volume in the
prefrontal cortex

OCD

Hyperactivity during
symptom provocation;
during exposure to
pictures eliciting
disgust and fear;
increased connectivity
with the dmPFC;
hyperactivity in the
right anterior insula
during error
processing and
hypoactivity during
inhibitory control

Decreased activation
of the left OFC during
symptom provocation;
hypoactivity during
inhibitory control

Decreased activation
in the MCC during
symptom provocation;
decreased gray matter
volume in the ACC;
hyperactivity in the
dorsal ACC during
error processing, and
ventral ACC
hypoactivity during
inhibitory control

Increased connectivity
between the caudate
the SMA at rest;
hyperactivity during
error processing
Increased rest
connectivity between
caudate and superior
and middle temporal
gyrus

Hyperactivity during
symptom provocation

Hypoactivity during a
planning task

MDD

Hyperactivity during
exposure to negative
stimuli and during
emotion regulation, and
hypoactivity during
exposure to positive
stimuli

Hyperactivity in the
OFC when presented
with positive stimuli;
disrupted functional
connectivity between
OFC and nucleus
accumbens

Hyperactivity in the
ACC when presented
with negative stimuli or
with facial
expressions/hypoactivity
when exposed to
positive or non-facial
stimuli

Decreased cortical
thickness in the left
premotor cortex
predicts treatment
response

Functional connectivity
with nucleus accumbens
is positively correlated
with cognitive
impairment

Hyperactivity when
presented with negative
stimuli/hypoactivity to
positive stimuli

Less activation when
exposed to negative
stimuli

Bipolar disorder

Reduced volume as a
precursor of
development of this
disorder; deactivation
during cognitive
interference trials and
altered connectivity
with the DMN

Hypoactivity in the
OFC during emotion
regulation

Deactivation during
cognitive interference
trials in the MCC

Hyperactivity when
presented with
emotional stimuli and
during regulation;
reduced volume

Hypoactivity during
regulation

ADHD

Hyperactivity when
presented with
negative stimuli
distractors; right
anterior insula
function connected to
emotion dysregulation
in ADHD

Reduced OFC activity
when processing
reward

Hypoactivity in the
dACC when learning
verbal fear cues

Reduced premotor
cortex surface area in
ADHD boys;
hypoactivity when
ignoring distractors

Underperformance
during neurocognitive
tasks

Compensatory
recruitment during
response inhibition.

Hyperactivity when
learning to
discriminate aversive
stimuli via verbal
instruction

Hypoactivity in the left
dIPFC during working
memory and selective
motor response
inhibition tasks;
hypoactivity in the
right dIPFC during
response inhibition
tasks

PTSD

Hypoconnectivity with
frontal regions,
hyper-connectivity
with DMN and
periaqueductal gray at
rest; reduced volume;
functional
hyper-connectivity
with amygdala during
trauma cues

Decreased mPFC
volume and inverse
correlation between
responsiveness of the
mPFC and symptom
severity; decreased
gray matter volume in
right PFC

Decreased premotor
cortex volume

Reduced gray matter
volume

Hyperactivity
connected to symptom
severity

Decreased gray matter
volume in right dIPFC

OCPD, obsessive compulsive personality disorder; OCD, obsessive compulsive disorder; MDD, major depressive disorder; ADHD, attention deficit and hyperactivity disorder; PTSD, post
traumatic stress disorder; PFC, prefrontal cortex; dACC, dorsal anterior cingulate cortex; MCC, midcingulate cortex; OFC, orbitofrontal cortex; vmPFC, ventromedial prefrontal cortex;
PMy, ventral premotor cortex; SMA, supplementary motor area; STC, superior temporal cortex; dIPFC, dorsolateral prefrontal cortex; and DMN, default mode network.
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Brain region

Insula

Orbitofrontal/
ventromedial
prefrontal cortices

Cingulate cortex

Ventral premotor
cortex

Supplementary motor
area

Superior temporal
cortex

Amygdala

Dorsolateral prefrontal
cortex

Function

Self-awareness, emotional processing, emotional awareness,
autonomic homeostasis

Anterior insula: autonomic and interoceptive functions,
body representation, and emotional experience

vmPFC: Evaluation of risk, downregulation of emotions
OFC: decision making, emotional processing, reward

valuation, and emotion assignment to sensory input, part of

TAO network governing integration of emotional state with
cognition and behavior

Emotional processing and regulation broadly.

ACC: conflict processing, reinforcement learning,
motivation, error detection, action selection, management
of aggressive behaviors, processing of social pain

Rostral ACC: empathy, emotional processing

MCC: decision making, executive and motor control,
emotion regulation

Integration of sensory information, calculation of optimal
motor response, mirror neurons (e.g., mimicking and
predicting intentions of other people)

PreSMA: Planning complex movements, response
selection, conflict resolution, word selection, and decision
making

SMA: Planning of complex movements, timed deliberate
motor execution, emotional empathy

Identification and interpretation of sound sources,
language and sound processing, auditory attention,
interpretation of facial and emotional cues.

TPJ: emotional distancing

Emotion processing, decision making in emotional
situations,

Right amygdala: regulation of negative emotions, detection
of dynamic emotional stimuli

Left amygdala: processing positive emotions, evaluation of
continuous emotional stimuli

Working memory, planning, decision making, feeling of
threat-induced anxiety, social perspective taking, theory of
mind, deductive reasoning,

Alterations in misophonia

Hyper-connectivity to frontal and temporal lobes, V1, V2 at rest;
hyperactivation of dorsal anterior insula (bilateral or right) during
exposure to trigger sounds; hyper connectivity with DMN, amygdala
and hippocampus during misophonic sound exposure

Hyperconnectivity between lateral OFC and motor cortex (PMv, SMA);
increased myelination in vmPFC and OFC-frontal pole and OFC-dIPFC
networks

Right ACC and bilateral MCC hyperactivity during misophonic triggers;
hyperconnectivity between MCC and A1 and lateral OFC during trigger
sounds; lack of inhibition success-related activity in the PCC

Hyperconnectivity to Al and lateral OFC; hyperactivation during
misophonic triggers; hyperconnectivity to A2, V2 at rest

Hyperconnectivity with A1 and lateral OFC during presentation of
audio-visual triggers; bilateral hyperactivity during trigger sounds
compared to aversive

Hyperactivation during trigger sounds; auditory cortex
hyperconnectivity at rest to PMv, SMA, and lateral OFC;
hyperconnectivity at rest with the insula; TPJ-right inferior frontal
cortex hyperconnectivity at rest.

Hyperactivity in the left amygdala during trigger sounds compared to
aversive stimuli; hypoactivity in left amygdala during aversive stimuli
compared to healthy controls; hyperconnectivity with anterior insula
during trigger sounds; hyperconnectivity during resting state with the
cerebellum; higher myelination on tracts between the amygdala and the
occipital cortex; larger gray matter volume in the right amygdala

Reduced inhibition success-related activation of left dIPFC; increased
myelination in tracts connecting OFC to dIPFC;

V1, visual area 15 V2, visual area 2; AIC, anterior insular cortex; Al, primary auditory cortex; Al, secondary auditory cortex; vimPFC, ventromedial prefrontal cortex; OFC, orbitofrontal

cortex; DMN, default mode network; TAO, temporo-amygdala-orbitofrontal; SMA, supplemental motor area; PMv, ventral premotor cortex; ACC, anterior cingulate cortex; MCC,

midcingulate cortex; TP], tempo-parietal junction; and STC, superior temporal cortex.
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Scientific discipline Citation

Audiology Jastreboff and Jastreboff, 2001
Jastreboff and Jastreboff, 2002
Jastreboff and Jastreboff, 2006
Schwartz et al., 2011

Moller, 2011

Jastreboff and Jastreboff, 2013
Jastreboff and Jastreboff, 2014
Meltzer and Herzfeld, 2014
Tyler et al., 2014

Jastreboff and Jastreboff, 2015
Jastreboff and Jastreboff, 2016
Baguley et al., 2016

Sanchez and da Silva, 2018

da Silva and Sanchez, 2019
Danesh and Aazh, 2020

Psychology/psychiatry Hadjipavlou et al., 2008
Johnson et al., 2013
Schroder et al., 2013
Neal and Cavanna, 2013
Bernstein et al., 2013
Kumear et al., 2014
Webber et al., 2014
Kluckow et al., 2014
Cavanna, 2014
Wu et al., 2014
Barratt and Davis, 2015
Webber and Storch, 2015
Schneider and Arch, 2015
McGuire et al., 2015
Cavanna and Seri, 2015
Bruxner, 2016
Schroder et al., 2017b
Taylor, 2017
Kamody and Del Conte, 2017
Tung and Basbug, 2017
Dozier et al., 2017
Dozier and Morrison, 2017
Zhou et al., 2017
McKay et al., 2018
Rouw and Erfanian, 2018
Palumbo et al., 2018
Quek et al., 2018
Janik McErlean and Banissy, 2018
Cusack et al., 2018
Potgieter et al., 2019
Siepsiak and Dragan, 2019
Erfanian et al., 2019
Eijsker et al., 2019
Aazh et al., 2019
Frank et al., 2020
Siepsiak et al., 2020a

Siepsiak et al., 2020b
Naylor et al., 2020

Natalini et al., 2020

McKay and Acevedo, 2020
Cassiello-Robbins et al., 2020
Wu and Banneyer, 2020
Vitoratou et al., 2020

Hansen et al., 2020

Jager et al., 2020

Neuroscience Edelstein et al., 2013
Schroder et al., 2014
Kumar et al., 2017
Schroder et al., 2017a
Kumar and Giriffiths, 2017
Brout et al., 2018
Schréder et al., 2019
Daniels et al., 2020

References were sourced from PubMed and Google Scholar, as well as on the
three preprint services, PsyArXiv, bioRxiv, and medRxiv. References were identified
as those published in English from 2001- September 2020 and that included
“misophonia” in titles, keywords, and/or abstracts. References were also identified
from citations in papers sourced by these criteria. Candidate definitional statements
were sourced from all 68 references. References are organized in table according
to their scientific discipline.
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Type of key information

Bibliographic Information

Classification information

Description of references

Detailed information from reference

Definitional statements

Specific information

Full citation

Publication DOI/Link

PDF of reference

Scientific discipline of references

Type of reference or study

Study participants (not always described)

Identified and extracted verbatim from each reference

Examples

Audiology

Neuroscience
Psychiatry/psychology
Peer-reviewed observational study
Peer-reviewed interventional study
Peer-reviewed review article
Peer-reviewed case report
Textbook chapter

Non-peer reviewed article (e.g., in professional newsletter, on website)
Non-peer reviewed observational clinical study (i.e., preprint manuscript)

Non-peer reviewed case report
Scientific poster abstract
Editorial

Commentary

Number of study participants

Characteristics of participants — in experimental and control groups

Recruitment methods

From each reference identified during the systematic literature review, multiple pieces of information were extracted and presented to the Misophonia Consensus

Committee to inform the misophonia definition development process.
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Primary domain

Domain 1: General description

Domain 2: Trigger stimuli

Domain 3: Emotional reactions

Domain 4: Physiological reactions

Domain 5: Behavioral reactions

Domain 6: Attentional reactions
Domain 7: Influences on reactions

Domain 8: Insight and awareness

Domain 9: Functional impairment
Domain 10: Coping strategies
Domain 11: Onset and course

Domain 12: Misophonia is not otherwise
explained by

Description

Fundamental information that would be found in the first statements of the definition, such as whether misophonia is a
condition or disorder, its potential spectrum nature, and how it can be briefly described.

General statements about misophonic triggers, what types of sensory modalities they tend to be, examples, and
common features.

General statements about emotional responses to trigger stimuli, all negative emotions, specific emotions related to
anger or anxiety, words to describe emotions (e.g., strong and extreme), timescale and transition of reactions.

General statements about physiological responses to triggers, specific reactions, and descriptors (e.g., sudden and
extreme).

General statements about behavioral responses to triggers or in anticipation of them, descriptors, transitions between
behaviors, and targets of these reactions (e.g., person or object).

Examples such as hyper-focus or obsession.

Description of the role played by variables such as stimulus context, a person’s psychological profile, or a person’s
interpretation or evaluation of the stimulus.

Language regarding whether people have insight into and awareness of their reactions, as compared to other people,
as well as increased awareness of trigger stimuli compared to other stimuli.

General descriptions of potential impairments, examples of occupational/academic or social impairments.
Example approaches that may be employed to cope with distress caused by triggers.

Age of onset for misophonia, and language about the potentially chronic nature of the disorder as well as potential
familial links.

Description of auditory functioning in individuals with misophonia, consideration of auditory perception conditions,
medical conditions, and psychiatric conditions.

Twelve thematic areas about misophonia emerged within all of the definitional statements that were identified in the published literature.
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Anger 0.12 023
Disgust 0.18  0.056
Block 3 0.01
Age —0.10  0.26
Anxiety 0.08  0.53
Anger 0.09 0.35
Disgust 0.15  0.099
Depression  0.13 0.30

B

—0.12

—0.05
0.17
0.19
0.12

—0.05
0.11
0.18
0.11
0.10

—0.08

—0.05
0.004
0.29
0.11

—0.04
—0.11
0.26
0.08
0.19

Recovery

p

0.006

0.27
<0.001
<0.001

0.008

0.28
0.059
<0.001
0.021
0.098

0.37

0.56
0.97
0.003
0.23

0.68
0.36
0.011
0.40
0.13

A R?

0.14%%*

0.005

0.12**

0.02

Avoidance

B

<-0.01

—0.01
0.15
0.13

0.05
—0.13
0.13
0.11
0.20

0.01

—0.11
0.20
0.12

0.02
—0.06
0.21
0.14
—0.08

P

0.98

0.29
0.81
0.004
0.006

0.25
0.034
0.017
0.031
0.002

0.88

0.81
0.25
0.048
0.19

0.87
0.63
0.039
0.15
0.52

A R?

0.05%**

0.02**

0.06*"

0.003"

Emotional response Physiological response

B

—0.23

—0.14
0.08
0.12
0.31

—0.14
0.02
0.11
0.30
0.10

—0.23

—0.21
—0.08
0.19
0.21

—0.21
—0.08
0.19
0.21
—0.01

p

<0.001

0.001

0.086

0.010
<0.001

0.001
0.72
0.023
<0.001
0.11

0.011

0.016
0.38
0.054
0.019

0.017
0.51
0.060
0.022
0.97

A R?

0.16***

0.004

0.10**

<0.01

B

0.20

—0.11
0.16
0.23
0.18

—0.11
0.08
0.21
0.16
0.14

—0.33

—0.30
0.031
0.23
0.15

—0.28
—0.07
0.20
0.12
0.17

P

<0.001

0.006
<0.001
<0.001
<0.001

0.007
0.19
<0.001
<0.001
0.016

<0.001

<0.001
0.73
0.013
0.091

0.001
0.54

0.035
0.18
0.16

A R?

0.18%%*

0.01*

0.10**

Participation
B p AR* B
—0.11  0.017 -0.23
0.22%%*

—0.01  0.86 —0.11
0.16  <0.001 0.17
024 <0.001 0.24
022 <0.001 0.29

0.03*+
<—001 094 —0.11
002 077 0.05
021 <0.001 0.22
019  <0.001 0.26
024 <0.001 0.19
—0.19  0.034 —0.31

0.17*

—0.14  0.092 —0.28
009 029 0.01
019  0.045 0.25
027 0.002 025

0.004

—0.13 0.1 —0.27
004 074 —0.05
017 0.076 023
025 0.005 0.23
009 044 0.11

F-ratios at block 2 range from 6.77 to 60.33 at baseline and 2.07 to 11.41 at follow-up; F-ratios at block 3 range from 7.47 to 54.05 at baseline and 1.73 to 12.27 at follow-up.
*p is significant < 0.05; **p is significant < 0.01; ***p is significant < 0.001.
T Overall model not significant at p < 0.0167.

p

<0.001

0.003
<0.001
<0.001
<0.001

0.004
0.34
<0.001
<0.001
<0.001

<0.001

0.001
0.87
0.005
0.003

0.001
0.63
0.011
0.007
0.34

Severity score

A R?

0.27%*

0.02**

0.17%%*

0.006

Weighted score
B p AR
—0.21 <0.001
0.294+
—0.09 0.018
0.16  <0.001
025  <0.001
030  <0.001
0.03++
—0.09 0.022
002 073
022 <0.001
027  <0.001
024 <0.001
—0.25  0.004
0.20%+
—0.21  0.008
002 084
032 0.001
022 0.010
0.01
—0.20 0.013
—0.06  0.56
029 0.002
020  0.022
0.14 024
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SF-36 subscale

Physical functioning

Role limitations - physical health
Role limitations - emotional problems
Energy/Fatigue

Enotional welbing

Socia functioning

Pain

General health

*Normative data for the SF-36.

Misophonia
(current study,
baseline)

8477 (20.46)
7357 (3790)
1990 (4340)
4147(21.56)
55.56(2007)
61.30(28.26)
7042(2452)
5993 (2208)

General
population
(current study,
baseline)

88.15(1596)
85.24(2943)
7429 (37.07)
5647 (2131)
7194(1747)
83.28(21.66)
77.77(2017)

6639(20.12)

Obsessive compulsive
disorder
(Rodriguez-Salgado
etal., 2006)

80.1(227)
543(414)
354(444)
406(196)
£7(199)
#88(26)
756(262)
510(22)

General population
(Rodriguez-Salgado
etal,, 2006)

347 (240)
$2(552)
$86(30.1)
69(221)
733(201)
90.1(200)
790(279)
63(223)

Tinnitus
(Ross et al,,
2007)

8158 (1968)
56.13(409)
5834 (4352
288(1892)
5401 (1755)
67.10(2292)
61.85(2846)
5287(17.13)

Long-term
conditions
(Bowling etal.,
1999)*

23(89)
“41(025)
716(417)
4.1(239)
675 (221)
63(303)
560(302)
48 (35)

General
population
(Bowling et al.,
1999)*

927(202)
909(247)
921(233)
690(179)
798(161)
935(149)
874(196)
790(161)
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BAS-R Pain

BAS-R unpleasantness

BAS-R, battery of aversiveness to sounds, ratings range 0-10; SD, standard deviation; IQR, interquartile range. Bold values denote statistically significant group differences.

Scraping a dish
Eating apple

Ticking clock

Tone 1 kHz (Tone 1)
Water drops

Alarm

Scraping a dish
Eating apple

Ticking clock

Tone 1 kHz (Tone 1)
Water drops

Alarm

Study group (n = 15)

Median (IQR)

0.67 (0-2.67)
0 (0-0.67)
0 (0-0.67)
0(0-1.33)
0(0-0.33)

0(0-2)

3.67 (2.3-5.3)

3.67 (3.33-6)

3.33 (1-4.67)

3.67 (1.67-6)

2.67 (1-333)

5(1.67-633)

Mean (SD) (Range)

253 (2.58) (0-10)
2.35 (2.93) (0-8.33)
049 (1.13) (0-4)
1.73 (3.12) (0-10)
0.44 (1.38) (0-5.33)
1.55 (2.01) (0-7.33)
691 (2.29) (3-10)
8.49 (133) (5.33-10)
2.58 (2.47) (0-8)
3.73 (231) (0.66-8)
2.58 (1.97) (0-7)
4(2.47) (0-7)

Comparison group (n = 15)

Median (IQR)

0.67 (0-2.67)
0 (0-0.67)
0 (0-0.67)
0(0-1.33)
0(0-0.33)

0(0-2)

3.67 (2.3-5.3)

3.67 (3.33-6)

3.33 (1-4.67)

3.67 (1.67-6)

2.67 (1-333)

5(1.67-633)

Mean (SD) (Range)

1.64 (2.33) (0-8)
0.62 (1.25) (0-3.66)
0.47 (0.89) (0-2.66)

0.80 (1.26) (0-4)
0.20 (0.41) (0-1.33)
1.07 (1.68) (0-5.33)

422 (2.72) (0-10)
429 (2.3) (0-8.66)
3.02(228) (0-7.33)
3.73 (231) (0.66-8)

258 (1.97) (0-7)

4(247) (0-7)

t/z

—1.440
—1.995
—0.364
—0.722
—0.336
—1.116
2.931
—4.102
—0.605
0.606
1.503
0.924

0.15
0.046
0.71
0.47
0.74
0.26
0.007
<0.001
0.54
0.55
0.14
0.36
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Dose-Response 46°C
Dose-Response 49°C
Dose-Response 52°C
Destination Temperature
Habituation 1
Habituation 2

Conditioned pain modulation

Study group (n = 15)

Median (IQR) Mean (SD) (Range)

9.25 (5.8-12.5) 15.79 (19.37) (1.25-70)
10.75 (8.4-23.8) 16.17 (14.04) (1.05-55.35)
14.25 (9.8-21.5) 19.68 (19.84) (0.93-83.4)
55 (55-55) 5463 (0.76) (53-55)
17.3 (8.8-29.4) 20.68 (14.85) (0.55-55.5)
21 (12-38.3) 22.69 (14.3) (0.51-48.25)
—4(—11.8t0-02) —3.06 (14.01) (—23.05-29)

SD, standard deviation; IQR, interquartile range.

Comparison group (n = 15)

Median (IQR) Mean (SD) (Range)

12 (8.9-25.1) 19.11 (19.63) (0.45-76.45)
16.6 (9.5-35.3) 23.30 (21.32) (0.75-84.35)
21(13.8-23.8) 2521 (21.80) (0.8-87.45)

55 (53-55) 53.62 (3.49) (41.5-55)

31 (12.0-40) 29.51 (17.67) (4.35-68.25)

25 (17-44.3) 28.83 (17.12) (3.9-67.75)

02 (—8-35) —2.47 (10.54) (—26.9-17.8)

t/z

—0.850
—0.100
—1.26
—0.853
—1.483
—1.065
—0.730

0.395
0.319
0.206
0.393
0.149
0.296
0.943
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SRQ-Aversive
SRQ-Hedonic
SRQ-Auditory
SRQ-Olfactory
SRQ-Visual
SRQ-Vestibular
SRQ-Somatosensory
SRQ-Taste

Study group (n = 15)

Median (IQR)

2.03 (1.50-2.16)
1.96 (1.77-2.30)
2(1.50-2.33)
250 (2-3)
2(1.83-2)
2(1.78-233)
1.71 (1.50-1.86)
2.33 (2-2.50)

Mean (SD) (Range)

(0.31) 1.91 (1.41-2.3)
2.02 (0.32) (1.56-2.7)
1.96 (0.58) (0.83-3)
251 (0.76) (1.25-3.75)
1.93 (0.37) (1.17-2.5)
2.04 (0.35) (1.33-2.56)
1.67 (0.25) (1.09-2.05)
2.30 (0.41) (1.67-3.17)

Comparison group (n = 15)

Median (IQR)

1.70 (1.50-1.87)
1.87 (1.38-2)
1.67 (1.33-1.83)
1.83 (1.33-2.50)
1.83 (1.67-2.17)
2(1.67-2.22)
1.57 (1.45-1.67)
1.83 (1.33-2.50)

Mean (SD) (Range)

1.67(0.22) (1.08-2.11)
1.74(0.34) (1.08-2.11)
1.59 (0.34) (1-2.33)
1.63 (0.61) (1-3)
1.84(0.39) (1.17-2.67)
1.90 (0.38) (1.22-2.67)
1.55(0.2) (1.05-1.91)
1.93 (0.34) (1-3.33)

t/z

2434
2.309
2.136
—2.770
0.643
1.006
1.404
1.724

0.022
0.029
0.042
0.006
0.53
0.32
0.17
0.10

SRQ, sensory responsiveness questionnaire; IQR, interquartile range; SD, standard deviation. Bold values denote statistically significant group differences.
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Trigger sounds Mean (sd) Median (Q1-Q3) Mode (min-max)  Average Gender difference* Age rho

Normal eating sounds 1.7(3.0) 0(0-2) 0(0-10) ~0.91(0.64) ~0.06 (0.468)
Certain letter sounds 05(1.7) 0(0-0) 0(0-10) -0.31(0.53) 0.06 (0.537)
Mushy foods 12(24) 0(0-1) 0(0-10) -0,03(0.78) 0.06 (0.542)
Sound of cipping nails 111 0(0-1) 0(0-8) -044(0.71) 002 (0.814)
Swallowing 08(2.1) 0(0-0) 0(0-10) -0.24(0.72) -0.02(0.847)
Keyboard tapping 14(22) 0(0-3) 0(0-8) -0.34(0.73) 0.1(0.355)
Lip smacking 4.4(36) 4(0-7) 0(0-10) -1.59(1.2) 0.06(0.606)
Normal breathing 04(1.5) 0(0-0) 0(0-8) 026(05) ~0.29 (0.006)
Repetitive engine 38(33) 4(0-6) 0(0-10) ~2.06(1.09) -0.08 (0.483)
Blocked nose 36(29 3(0-6) 0(0-9) ~049(1.02) 0.04(0.696)
Mobile phone 17(26) 0(0-3) 0(0-10) 08(0.92) 0.15 (0.175)
Repetitive coughing 35(3.1) 3(0-6) 0(0-10) *2.35 (1.06) 0.04(0.702)
Humming 32(28) 3(0-6) 0(0-10) 0.76(0.99) 0.2 (0.865)
Repetitive sniffing 26(30) 2(0-5) 0(0-10) 1.01(1.12) ~0.06 (0.569)
Snoring 36(34) 40-7) 0(0-10) ~0.05(1.26) 0.11(0.327)
Certain acoents 15(26) 0(0-2) 0(0-10) -0.33(0.97) ~0.05(0.678)
Whistiing sound 08(20) 0(0-0) 0(0-10) -0.17(0.76) 0(0987)
Tapping 28(3.0) 2(0-6) 0(0-10) 157 (1.09) 0.12(0.269)
Rustling plastic or paper 15(23) 0(0-3) 0(0-7) ~067 (0.88) 0.12(0.263)
Chewing gum 31(33) 2(0-6) 0(0-10) ~1.76(1.22) 0.1(0.349)
Footsteps 15028 0(0-3) 0(0-10) -0.7 (0.97) —0.09 (0.409)
Hiccups 15(25) 0(0-3) 0(0-10) 1.11(0.94) -0.08 (0.451)
Siurping 1829 0(0-3) 0(0-10) ~1.22(1.09) 0.11(0312)
Cutlery 23(3.1) 0(0-5) 0(0-10) -1.02(1.17) 0.08(0.797)
Sneezing 10@2.1) 0(0-0) 0(0-7) 1.18(0.78) 021(0.065)
Certain words 05(1.3) 0(0-0) 0(0-7) 0.46(05) ~02(0.071)
Kissing 1.1(24) 0(0-0) 0(0-10) ~097 (0.91) 002 (0.858)
Joint cracking 09(22) 0(0-0) 0(0-10) ~0.06 (0.81) 001 (0921)
Muffied sounds 29(30) 2(0-5) 0(0-10) 05(1.14) -0.04 (0.749)
Throat clearing 13(26) 0(0-2) 0(0-10) 065(0.96) 0.08 (0.497)
Baby crying 47(3.4) 5(1-7) 0(0-10) 003(1.25) 0.14 (0.221)
Repetitive barking 39(3.1) 4(1-6) 0(0-10) 175 (1.14) 0.24(0.036)
Loud chewing 33(38) 2(0-6) 0(0-10) -1.5(1.41) 024 (0.038)
Clock ticking 21(30) 0(0-4) 0(0-10) ~067 (1.12) 0.11(0.322)
Crunching 07(23) 0(0-0) 0(0-10) -0.76(0.85) -0.27 (0.018)
Teeth sucking 28(33) 1(0-6) 0(0-10) -1.18(1.22) 026 (0.021)
Yawning 04(15) 0(0-0) 0(0-8) -0.46 (0.57) -0.18(0.115)

sd, standard deviation; Q1 Q, first and third quartie; rho, Spearman's correlation coeffiient; ICC, intraclass correlation coefficient; P, coefficient and 95% confidence intervals
“Mean difference (se) male vs female comparison, value of p via Mann Whitney test. *p<0.05 and **p<0.01.
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No feeling Irritation Distress Disgust Anger Panic TC FIRS. RIRS

S-Five RC (N=81)

No feeling _02%* _0.36% _041+ _0.38% rye Yy -082 ~0.44x+
itation 025¢ 036+ 0.9 026 063 0594 033+
Distress 0.15 023 026 041%* 039+ 028+
Disgust 002 047 0,53 045+ 019
Anger 035+ 038+ 027+ 011
Panic 0.40* 033+ 012
TC 089+ 037+
FIRS 0.70%*
S-Five Factors (N=78)

Externalising 039+ 027+ 014 026 022 046+ 037+ 013
intemalising 030+ 033+ 006 038+ 025 0.46%+ 0.46%+ 033+
Impact 0.36** 0.26* 0.06 0.27% 0.12 0.41%* 0.46** 0.40**
Outburst 035 05 009 041+ 031+ 051 0.45%* 027+
Threat 038+ 0.48%* 024+ 0.45%+ 026 0,55+ 052+ 032+
Total 0445+ 047+ 016 0.47++ 03+ 0.58** 056 036+
A-MISO-S (N=73)

Total ~0.44%% 035+ 033+ 016 *40.48 *0.27 #4066 051 035
MQ (N=68)

MSYS (N=68)  -068** 045+ 0.42%% 0.10 036+ 036+ 0.68** 065+ 043+
MEBS (V=59)  -034** 021 038+ -0.02 0.46%* 0.16 0.41%¢ 046+ 042+
MSES (V=59)  -0.55%* 032+ 038%* 005 054+ 028+ 0.58** 060+ 043+
Total (N=68) —0.52%% 0.425% 037* 008 0.49%% 029+ 0.59%* 061%* 047+
PHQ9 (N=73)

Total -0.41%% 026 024+ 005 047 031 0.40%* 037+ 022
GAD7 (N=72)

Total —0.49** 0.24* 0.27* 0.07 0.17 0.34%* 0.46** 0.41% 0.24*

RC, response count; TC, total count; FIRS, frequency and intensity reaction count; RIRS, relative intensity of reactions score; rho, Spearman's correlation coeffiient; A-MISO-S,
Amsterdam Misophonia Scale; MQ, Misophonia Questionnaire; MSYS, Misophonia Symptoms Scale; MEBS, Misophonia Emotions and Behaviours Scale; MSES, Misophonia
Severity Scale; PHQ-9, Physical Health Questionnaire; GAD-7, Generalised Anxiety Disorder Assessment. *p<0.05 and *#p<0.01.
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S-Five RC (N=255) Mean (sd) Median (Q1-Q3) Mode (min-max) Gender difference mean (se)* Age tho
No feeling 19.7 (7.7) 18 (15-25) 16/(0-37) 059 2.9) ~0.11(0.335)
itation 49(3.4) 47 3(0-15) -23+(12) 0.25* (0.030)
Distress 12(18) 1(0-2) 0(0-11) 03(0.7) ~0.165(0.152)
Disgust 27(7) 2(1-4) 0(0-11) -07(1.0 0.24% (0.037)
Anger 10(17) 0(0-1) 0(0-10) 03*(0.7) 0,08 (0.474)
Panic 1.9(20) 1(1-8) 1(0-12) 08(0.8) ~0.05 (0.663)
TC 15.0(7.0) 15 (11-21) 12 (0-30) -06(26) 0.14(0.231)
FIRS 79.2 (45.2) 75 (44-115) 75 (0-184) —7.9(11.1) 0.11(0.336)
RIRS 41(16) 5(4-6) 6(1-8) 03(0.6) 007 (0.549)

RC, response count; TC, total count; FIRS, frequency and intensity reaction count; RIRS, relative intensity of reactions score; sd, standard deviation; Q1 - Q3, first and third quartile;
o, Spearman’s correlation coefficient; ICC, intraclass correlation coefficient; Psi, coefficient and 95% confidence intervals. “Mean difference (se) mle v female comparison, value

of p via Mann Whitney test. *p<0.05 and **p<0.01
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Externalising Internalising Impact Outburst Threat Total S-Five

S-Five (N=255)
interalising 030

impact 027 o7

Outburst 0.40 070 068

Threat 050 060 054 064

Total 061 0.84 0.78 0.87 0.84

A-MISO-S (N=125)

Total 041 0.42 046 040 052 057
MQ (V=118)

MSYS (N=114) 041 042 033 031 043 047
MEBS (N'=105) 0.33 0.46 0.35 0.50 0.58 0.58
MSES (N=118) 046 0.49 037 042 048 057
Total (V=118) 048 0.43 033 041 050 054
PHQ9 (V'=130)

Total 031 035 022 024 030 035
GAD? (N=128)

Total 027 038 024 030 033 037

Correlations are Spearman’s rho and value of p<0.01 in all cases. A-MISO-S, Amsterdam Misophonia Scale; MQ, Misophonia Questionnaire; MSYS, Misophonia Symptoms Scale;
MEBS, Misophonia Emotions and Behaviours Scale; MSES, Misophonia Severity Scale; PHQ-9, Physical Health Questionnaire; GAD-7, Generalised Anxiety Disorder Assessment.
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Descriptive indices Internal consistency Stability
Factor
Median Mode  Gender difference .

Mean (sd) i) (minmes) moen (odlF Age tho alo Imc Psi(95%Cl)  ICC
Externalising 29.7 (12.4) 32 (22-38) 30 (0-50) 3.3(1.747) -0.03(0.598) 0.88/0.88 0.68-0.75 0.81(0.74,1) 0.86
internalising 147(129)  11(4-25) 0(0-46) 588+ (1.814) 004(0546) 092/092 072-084  0850791) 088
impact 12.9(12:2) 7(3-21) 0(0-50) 4.01%(1.745) 006(0316) 093/0.93 081-084 0810741 086
Outburst 168(123  15(6-27) 0(0-50) 519+ (1.731) 000(0975) 093/0.93 087-084  087(0811) 089
Threat 241(141)  25(12-85)  0(0-50) 1.14 (2.016) -009(0.176) 090/090 067-081  082(0751) 087
S-Five total 981(509)  96(66-135 70(0-232)  1954**(7.173)  -001(0926) 095/0.95 036-077  083(0.821) 089

sd, standard deviation; Q1-QS, first and third quartie respectively; a, Gronbach’s alpha; , McDonald's omega; ITC, item-total correlations; ICC, intraclass correlation coefficient
(two-way mixed effects, absolute agreement). ‘mean difference (standerd error) male vs female comparison, value of p via Mann Whitney test. *p<0.05 and **p<0.01.
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Gender

Z’;‘;:"E statements per Mean (sd) z:‘_’gg) (m':::fax) ‘9;;"" difference  Loadings EFA  Psi (95% CI) Icc
mean (se)*
Externalising
106 Others avoid noises 70(29)  8(B-10  10(0-10)  -006(0369  0.35(0.40) 071 077 (0.70.1) 085
130thers not make sounds 57(3.1)  6(3-9) 6(0-10)  -004(0547)  0.54(044) 069 0.80(0.72,1) 086
116 Others selfsh 550  6(-8) 7(0-10) 006(0373  0.81(0.44) 081 0.83(0.76,1) 087
21 Others bad manners 54(30  6(-8) 6(0-10)  -001(091  0.77(042) 079 0.72(0.65,1) 083
125 Others disrespectiul 600  7(-8) 70100 -010(013)  0.84(042) 079 079(0.71,1) 085
internalising
05 Respect myself less 2709 106 0(0-10) 003(0659) 133 (0.41) 078 081(0.75.1) 086
08 Unlikeable person 2980 2006 0(0-10) 010119 1707 (0.42) 078 0.84(0.79,1) 087
112 Angry person inside 3560  3(1-6 0(0-10) 002(0719)  0.63(0.43) +0.58 085 (0.79,1) 088
118 Bad person inside 2728 209 0(0-10) 005(0465)  1.31+*(0.40) 080 0.78(0.70,1) 085
119 Dislie self 2980 208 0(0-10) 000(0979)  0.92*(043) 085 081 (0.74,1) 086
Impact
(01 Do not meet fiends 2108 109 0(0-10) 006(0.360)  0.81(037) 078 081(0.75,1) 086
109 Eventually isolated 2729 106 0(0-10) 008(0217) 086 (0.41) 063 0.79(0.721) 085
114 Avoid places 27028 2006 0(0-10) 003(0679)  0.78% (0.40) 075 081(0.75,1) 086
115 Cannot do things 28(28 2006 0(0-10) 005(0.433)  0.84*(0.40) 081 077 (0.70.1) 085
20 Limited job opporturifies  2.6(27)  2(0-4) 0(0-10) 002(0.718)  0.68°(0.39) 080 081 (0.73,1) 086
Outburst
04 Verbally aggressive 4660 507 6(0-10)  -001(0822  0.94*(0.43) 059 0.84(0.78,1) 087
117 Physically aggressive 27@27) 209 0(0-10) 001(0852)  1.04**(0.39) 062 080 (0.73,1) 086
122 Violence 29028 206 0(0-10) 000(0999)  1.06** (0.40) o061 0.79(0.73,1) 085
123 Shout at people 36(29  3(1-6) 0(0-10) 002(0.716)  1.20°* (0.41) 071 088 (082.1) 089
124 Afraic of outburst 3160 2006 0(0-10) 004(0.569)  0.95% (0.43) 062 0.86(0.80,1) 088
Threat
02 Panic or explode 45@2) 4@ 0(0-10)  -008(0.186)  0.34(047) 081 085 (0.79,1) 088
103 Feel helpless 44@2) 50 00-10)  -003(059)  0.38(0.46) 077 0.83(0.76.1) 087
07 Feel anxious 50@2) 5@ 6(0-10)  -0.11(008) -0.13(0.45) 089 081 (0.73,1) 086
110 Experience distress 56(32)  6(-8  100-10 -006(0382  0.29(045) 074 079(0.71.1) 085
11 Feel rapped 45@1) 500 0010  -006(0329  0.27(0.45) 083 081(0.73,1) 086

Q1-Q3, first and third quartie; ICC, intraclass correlation coefficient; Psi, coefficient and 95% confidence interval; ho, Spearman's correlation coefficient; ‘mean difference (se) male
vs female comparison, value of p via Mann Whitney test. *The item had a salient cross-loading (0.31) on the Qutburst factor. *p<0.05; **p<0.01.
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Participants with misophonia Participants without misophonia

Brain area (Brodmann) Coordinates xyz (mm) T-values  Brainarea Coordinates xyz (mm) T-values
(Brodmann)
x y z x y z
4l left —60 -26 6 673 41left —60 —28 5 73
—42 -2 4 72 -37 20 4 72
-38 -38 14 68 -56 -36 8 64
41 right 64 -2 8 62 41 right 58 -2 10 7.8
62 -2 12 64 64 -2 12 61
56 -26 10 64 43 -2 6 65
10 right 2 64 0 7.1
44 56 -8
22 right 60 -2 4 61
58 -12 -2 72
22left ~56 -12 2 69
—68 -36 8 73
Hippocampus —14 —28 —14 55
Cerebellum sx —44 ~76 -26 62
-6 -3 -2 59
Cerebellum dx 36 —74 -28 54
28 -72 -2 61
6 left —46 -6 54 129
—54 10 36 99
—46 —4 56 62
6 right 52 2 48 84
54 2 48 7.8
58 6 16 68
55 right 4 —4 -6 53

Coordinates are expressed according to the Montreal Neurological Institute (MNI) system; brain areas are expressed according to Brodmann’s classification.
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Estimate Standard t¢-value P-value Outcomes

error
Group? —1.16 0.57 —2.01 0.05 CDA.nSCR
Time® 6.92 0.34 20.45 <0.001
Group x Time® —7.21 0.42 —17.2 <0.001
Group —0.35 0.07 —4.64 <0.001 CDA.AmpSum
nS
Time 0.68 0.04 16.47 <0.001
Group x Time  —0.77 0.05 —14.89 <0.001
Group 0.00 0.00 —0.84 0.40 CDA.SCR S
Time 0.01 0.00 10.22 <0.001
Group x Time  —0.01 0.00 —9.40 <0.001
Group —0.55 0.22 —2.45 0.02 CDA.ISCR
1S x s
Time 1.81 0.14 12.99 <0.001
Group x Time —2.05 0.17 —11.86 <0.001
Group 0.04 0.13 0.28 0.78  CDA.PhasicMax
1S
Time 0.81 0.08 10.4 <0.001
Group x Time  —0.89 0.10 —9.28 <0.001
Group —1.08 0.36 —3.00 <0.001  CDA.Tonic pnS
Time 1.01 0.08 12.8 <0.001
Group x Time —1.15 0.10 —11.72 <0.001

All models are adjusted by age and gender (p > 0.05). *(Group): comparison of values between
HCs vs. participants with misophonia. (Time): comparison of values obtained during the
trigger sounds protocol vs. baseline. “Interaction term.
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Estimate Standard t-value P-value Outcomes

error

Group? —0.59 0.32 —1.82 0.07 SNS index

Time® 122 0.13 9.15 <0.001

Group x Time® —1.97 0.17 —1191 <0.001

Aged —0.01 0.02 —0.73 0.46

Group 0.98 0.36 2.71 0.01 PNS index

Time —1.57 0.15 —10.67 <0.001

Group x Time 1.64 0.18 8.99 <0.001

Age 0.00 0.02 —0.07 0.95

Group —1.13 1.47 —0.77 0.44 Stress index

Time 3.42 0.48 7.07 <0.001

Group x Time —-291 0.60 —4.86 <0.001

Age 0.02 0.07 0.28 0.78

Group 1.06 0.56 1.87 0.07 VLF

Time® 4.04 048 8.35 <0.001

Group x Time —4.30 0.60 —7.18 <0.001

Age —0.01 0.02 —0.40 0.69

Group —2.79 1.98 —1.40 0.17 LF

Time 2522 137 18.36 <0.001

Group x Time  —26.68 1.70 —15.69 <0.001

Age 0.21 0.09 2.40 0.02

Group 2.70 1.99 1.35 0.18 HF

Time —25.08 1.38 —18.23 <0.001

Group x Time 26.45 1.70 15.53 <0.001

Age —0.22 0.09 —2.45 0.02

Group —0.05 0.15 —0.35 0.73 LF/HF

Time 1.71 0.12 14.16 <0.001

Group x Time —-1.72 0.15 —11.47 <0.001

Age 0.01 0.01 1.59 0.12

Group —1.01 135 —0.74 0.46 HRV
triangular

index

Time —2.75 0.48 —5.72 <0.001

Group x Time 4.00 0.60 6.71 <0.001

Age —0.03 0.06 —0.41 0.68

All models are adjusted by gender (p > 0.05). *(Group): comparison of values between HCs
vs. participants with misophonia. ®(Time): comparison of values obtained during the trigger
sounds protocol vs. baseline. ¢Interaction term. 9 Age as continuous variable.
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Variables Participants
with
misophonia

Heart rate variability time domain

RMSSD 43.7 £ 34.3
MEAN RR 937.3 £ 209.3
SDNN 47.9 £29.4
HRV 11.43 £ 4.66

Heart rate variability frequency domain

LF 39.40 & 6.49
HF 60.59 £ 6.47
LE/HF 0.6673 £ 0.1773
VLF 284+ 171

Kubios parameters

SNS Index 0.804 £ 0.603
PNS Index 0.451 + 0.329
SI 10.61 £ 5.20

Galvanic skin conductance

CDA.nSCR 4.340 &+ 1.325
CDA.AmpSum 0.548 £ 0.231
CDA.SCR 0.00540 + 0.00257
CDA.iSCR 1.821 4+ 0.411
CDA.PhasixMax 0.811 £ 0.250
CDA.Tonic 4.578 £ 1.458

HCs

55.7:£:29.1
980.7 £ 94.9
53.7 £22.8
10.95 & 3.67

34.20 £4.02
65.80 £ 4.02
0.5256 £ 0.0968
3.82 £1.02

0.437 £0.918
1.347 £0.983
9.54 & 3.31

3.007 £ 0.660

0.267 £ 0.127

0.00363 £ 0.00635

1.298 +0.377
0.857 £ 0.308
3.413 £0.764

z-test P-value

1.71

1.28

1.07
—0.13

—2.46
2.46
—2.46

—0.91
3.19
—0.63

—3.24
—3.81
—3.24
—3.49
0.34
—3.11

0.088
0.202
0.287
0.901

0.012
0.012
0.012
0.034

0.37
0.001
0.533

0.001
<1E-04
0.001
0.0002
0.744
0.001

The data show increases in the baseline orthosympathetic variables in participants with
misophonia (LE, LF/HE VLE CDA.nSCR, CDA.AmpSum, CDA.SCR, CDA.iSCR, and
CDA.Tonic) and increases in baseline parasympathetic variables (HE PNS index) in partic-

ipants without misophonia. LE low frequency; HE high frequency; RMSSD, root mean
square of successive differences between normal heartbeats; HRV, heart rate variability
triangular index; SNS, sympathetic; PNS, parasympathetic; SI, stress index; VLE, very low

frequency; SDNN, standard deviation of RR intervals; CDA, continuous decomposition
analysis; SCR, skin conductance response; CDA.nSCR, SCRs within response window (wrw);
CDA.AmpSum, sum of SCR-amplitudes of significant SCRs; CDA.iSCR, the integral of SCR
over the 10-s non-overlapping time windows; CDA.PhasixMax, the maximum value of phasic
activity wrw; CDA.Tonic, the mean tonic activity. Values are mean == SD.
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No. We’re going to ask you about things you see and hear Which do you hate hearing (or seeing, for category 7)? Tick all that
every day. Have you always hated these things? Or apply.
don’t you mind them? | hate...

1 The sound of people eating Crunchy foods (e.g., Apples); crispy snacks; chewing; lip smacking;
swallowing; slurping (a drink); wet mouth sounds (e.g., yoghurt); and other

2 The sound of repetitive tapping Pen clicking; foot tapping/foot on floor; repetitive barking; tapping per/
pencil; tapping finger; typing on a computer; and other

3 The sound of rustling Rustling paper; rustling plastic; and other

4 Throat sounds Throat clearing; hiccups; humming; and other

5 Sounds people make through their mouth and nose Breathing; snorting (e.g., when people laugh); nose sniffing; coughing;
snoring; whistling; sneezing; burping; and other

6 Some voice sounds Certain accents; some people’s voices; certain letter sounds; certain
vowels; certain consonants; and other

7 Repetitive visual movements Repetitive leg rocking; foot shuffling; people rocking back and forth on their
chair; and other

8 Some background sounds (e.qg., fridge humming) Clock ticking; car engines; refrigerator humming; dishwasher; washing

machine/dryer; fan; and other

Categories are shown first; sub-set items are revealed in the event of a positive response. Note that seven out of eight trigger-categories are for sounds, while one
category is non-auditory because people with misophonia can also be triggered by repetitive visual movements such as leg-swaying.
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Correlation with SMS-A (misophonia) 95% ClI
Subscale r value p value
SCARED (Anxiety) Total 0.43 <0.001 027-0.57
General anxiety 0.38 <0.001 0.21-0.52
Panic disorder 0.41 <0.001 0.24-0.55
School avoidance 0.42 <0.001 0.26-0.55
Separation anxiety 0.37 <0.001 0.20-0.51
Social anxiety 0.29 <0.001 0.12-0.45
OCI-cv Total 0.69 <0.001 0.47-0.69
(Obsesls‘Ye' Washing 0.47 <0.001 0.30-0.58
compuisive) Checking/doubting 0.59 <0.001 0.51-0.72
Hoarding 0.45 <0.001 0.50-0.72
Neutralizing 0.62 <0.001 0.43-0.67
Obsessing 0.62 <0.001 0.568-0.77
Ordering 0.56 <0.001 0.33-0.60
VSWB Total —0.48 <0.001 —0.60to —0.35
SWLS Total —0.56 <0.001 —0.67 to —0.44
Creative Average creative self-concept 0.04 0.686 —-0.16 - 0.21
seff-concept Art 0.07 0.406 ~0.10-0.24
Music 0.01 0.889 -0.16-0.19





OPS/images/fnins-16-879583/crossmark.jpg
©

2

i

|





OPS/images/fnins-16-832516/fnins-16-832516-t009.jpg
Percentage of participants

Diagnosis Cluster 1 Cluster 2 Cluster 3
Eating disorders

Anorexia nervosa 2.2 1.5 4.2
Bulimia nervosa 2.2 0 0.8
Neurodevelopmental disorders

Attention-deficit/hyperactivity disorder (ADHD) 187 6 5.9
Autism spectrum disorder (ASD) 0 0 0.8
Tic disorder i 0 0.8
Anxiety disorders

General anxiety disorder (GAD) 18.2 9.8 18.6
Obsessive compulsive disorder (OCD) 3.2 0.7 5.1
Panic disorder 0 1.5 0.8
Post-traumatic stress disorder (PTSD) 4.3 1.5 5.1
Social anxiety disorder 0 3 4.2
Anxiety disorders (total) 8.6 8.3 16.2
Auditory disorders

Hearing loss 11 0.7 3.4
Hyperacusis 0 0 0
Selective mutism 0 0 0
Tinnitus i 1.8 3.4
Personality disorders

Obsessive compulsive personality disorder (OCPD) 1.1 0 0
Schizotypal personality disorder 0 0 0
Depressive disorders

Depression 17.2 9.8 18.6
Bipolar and related disorders

Bipolar disorder 0 0 1.7
Other

Sensory processing disorder 0 0 0.8

Categorization based on DSM-5 diagnostic categories.
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Group

Diagnosis No misophonia Misophonia
Anxiety disorders

General anxiety disorder (GAD) 124 24
Obsessive compulsive disorder (OCD) 13 1.1
Panic disorder 06 1.8
Post-traumatic stress disorder (PTSD) 2 1.1
Social anxiety disorder 3.1 0
Anxiety disorders (total) 76 27.7
Depressive disorders

Depression 13.4 222

Categorization based on DSM-5 diagnostic categories. *p < 0.05, *'p < 0.01, *p < 0.001.

Chi-squared

4.77*
14.16"
0.78
10.36"
1.7
17.81*

2.67
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Variables

AGE (range)
Female %
Male %
Weight

Participants with HCs (n=44)
misophonia (n=11)
34.36 + 12.30 (16-56) 27.55 + 7.03 (23-56)
73% (8) 64% (28)
27% (3) 36% (16)
69.0 £ 16.3 60.3 =+ 10.3
E SD.

HCs, healthy controls. Age and weight values are mean

P-value

0.034
0.571
0.571
0.073
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HCs, healthy controls. Data are mean

Participants
with
misophonia
8.70 & 6.13
4.60 & 1.84
29.30 & 15.14
5.20 £2.90
21.50 + 18.32
4.800 + 6.426
9.20 £ 9.68
3.00 & 4.52

35.70 £11.21
37.50 £ 7.43

11.20 £ 3.46
12.40 £3.24
107.5 £21.0
20.40 £+ 4.38
19.90 +5.59
489 +42.3
6.20 £6.71
6.80 = 6.83
6.30 +5.38
9.70 £9.79
4.70 £ 6.04

2.70:+2.71
4.40 +4.03
2.60 +2.07

HCs

2.50 £ 2.51
2.50 £ 1.35
8.70 £+ 7.45
1.20 £+ 1.40
2.00 £ 3.23
0.100 £ 0.316
7.50 £ 5.50
2.00 £ 2.45

30.40 £ 5.76
3510+ 7.42

14.20 + 2.15
17.00 + 2.98
122.5 £ 18.7
20.10 + 4.28
19.80 + 6.09
35.5+46.0

5.80 & 7.54
5.00 £ 6.91
4.80 £ 6.37
5.70 & 8.64
3.50 £ 4.65
2.10 + 2.69
3.30 £ 3.83
3.00 £ 5.68

z-test

—2.58
—2.61
—3.09
—4.90
-3.09
—1.69
—0.33
—0.12

—1..55
—1.26

2.20
2.88
1.54
—0.04
—0.22
—1.03
—0.48
—0.74
—1.00
—0.96
—0.52
—0.48
—0.78
0.87

E SD. Mann-Whitney test was used.

P-value

0.01
0.009
0.002

0.00
0.002
0.091
0.743
0.907

0.122
0.206

0.028
0.004
0.123
0.971
0.827
0.301
0.634
0.46
0.317
0.335
0.603
0.628
0.435
0.387
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Mauchly's test of sphericity®
Sound category
SNR x Sound category
Main effects
Sound category
SNR

Group

2-way interactions
SNR x Sound category

SNR x Group

Sound category x Group

3-way interaction
SNR x Sound category x Group

Unpleasantness

X2 = 12.4,p = 0.002,¢ = 0.917
X2 =5.0,p =0.081

P <0001, 7? =0.110, g3 =
Fo, 1a0 = 190.44,
p <0001, 32 = 0.116, % = 0,591
Fua 13 =0.15
p=0702

Fe. 269 = 2745
p <0001, 5% = 0,089, 72 = 0.675
Fu. 160 =6.64
p=0011, 5% = 0.004, 5} = 0.048
Fe4, 20216 = 4.95
p=0010, 72 = 0.002, % = 0.036

F. 250 =8.42
p < 0.001, 5% = 0,008, 5 = 0.060

Each column representts  different rating. All ratings showed a simir patter of results.
2Greenhouse-Geisser correction (¢) applied when sphericity was violated.

Anger

X2 =28,p=0244
X2 =82,p =0.200

p <0.001, 52 = 0.048, 2 = 0.

Fu, 152 = 143.29
p <0.001, 5% = 0.068, 72 = 0.521
Fu. 13 = 16.86

p <0.001, 5% = 0.113, 72 = 0.113

Fa, 269 = 150.44

p <0.001, 7% = 0.045, 72 = 0.533
Fu. 132 =17.76

p <0.001, 52 = 0.008, 53 =0.119
Fie. 26 = 11.36

p <0.001, 2 = 0.004, 2% = 0.079

Fro. 209 = 1234
p < 0.001, 7% = 0.004, 2 = 0.085

Disgust

X2 =12.6,p = 0002, ¢ = 0916
X2 =33,p=0.196

Foas, 20189 = 15149

P <0.001, 32 = 0.062, 5 = 0534
Fo, 102 = 113,69

P <0.001, 12 = 0.046, 5 = 0.463
Fo, 16 = 16.06

p <0001, 2 = 0,073, 5% = 0.108

Fe, 26 = 17025
P <0.001, 32 = 0.067, 5 = 0563
Fo. 13 =8.414

P <0.001, 3 = 0.004, 5 = 0.060
Firss, 24159 = 6.41

p <0008, 32 = 0.008, 5 = 0.046
Feo, 250 = 7.39
P <0001, 2 = 0.002, 5 = 0.053

Anxiety

X2 =25,p=0279
X% =29,p=0234

P <0.001, 7% = 0,076, 13 =
Fo, 102 = 198.11

P <0.001, 9% = 0.107, n2 = 0.59
Fa, 109 = 1995

P <0001, y2 = 0,074, 2 = 131

Fiz, 209 = 234.79
P <0.001, 5% = 0.072, 72 = 0.640
F. 109 = 17.18
p <0.001, 52 =0.010, 53 =0.115
Fio, 209 =893
p <0.001, 2 = 0.003, 5% = 0.063

Fe, o9 =855
P <0.001, 5% = 0,003, 12 = 0.061
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