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Editorial on the Research Topic
 Obsessive-compulsive disorder (OCD) across the lifespan: Current diagnostic challenges and the search for personalized treatment




Obsessive-compulsive disorder (OCD) has an estimated worldwide lifetime prevalence ranging from 1 to 2.3%, which makes it twice as common as schizophrenia. It is a potentially incapacitating neuropsychiatric disorder, presenting with comorbid disorders in the vast majority of cases and an unsatisfactory response to conventional, first-choice treatments in approximately 30% of patients (1). The age of onset of OCD symptoms is commonly in childhood or adolescence, and currently a set of different symptom dimensions have been identified. The course of OCD is usually chronic, and, more rarely, symptoms follow an episodic pattern (2). The disease burden is further complicated by the worldwide well documented delay in establishing a correct diagnosis and initiating adequate treatment (3). In contrast, recent advances in the field revealed abnormalities in the neurocircuitry associated with OCD. Moreover, the resemblance of OCD symptoms across countries and cultures allows for the use of modern biotechnology and biomedicine to challenge the unmet needs of patients with OCD across the lifespan. In this context, in order to achieve more effective clinical care, further investigation of the factors associated with the diagnostic delay and the response to diverse treatment modalities across the lifespan is highly needed. Examples include the non-recognition of specific OCD symptoms, the non-recognition of environmental (e.g., trauma) and biological (e.g., genetics) risk factors for the development of the disorder, and the presence of comorbidities which have implications for the trajectory of OCD.

This collection presents 25 manuscripts, including original studies and reviews submitted by authors from all continents worldwide, conducted with samples of youth and adults with OCD. We present a brief comment on the articles, grouped by the main topics covered in this special issue: perinatal and life events, genetics, neuroimaging, neuropsychology, phenotype, comorbidity and treatment.


Perinatal events, life events, developmental stage and OCD psychopathology

Ratzoni et al. investigated, in a non-clinical sample, the associations between the postnatal onset of parent-infant relationship OCD (PI-ROCD) symptoms and caregiver-infant interactions. First, the authors provided initial evidence for the postnatal onset of PI-ROCD symptoms and identify factors to be included in a future validation of a PI-ROCD screening measure. Then, they delineated a mediating mechanism for the longitudinal pathway of risk through which PI-ROCD symptoms might interfere with the ongoing reciprocal nature of interactions between mother and infant, emphasizing the need for early screening and planning of preventive interventions targeting maternal behaviors that may effectively moderate risk. The study addresses the cycle of preoccupation with the infant's future morality and competence reducing praising/increasing parental criticism, leading to the infant's avoidance of social engagement. This, in turn, may further increase parental fears and preoccupation with the child's morality and competence, reinforcing a vicious cycle. Therefore, targeting parental fears and preoccupations (beyond the anxiety symptoms typical in the postpartum period) with the future development of the child may promote a healthier parent-infant interaction.

The presence of maternal obsessive-compulsive symptoms (OCS) predicted maternal and offspring psychopathology in an original study by Blanco-Vieira et al. that included 2,511 mother-children dyads recruited from elementary schools. All obsessive-compulsive symptom dimensions detected in the mothers were associated with maternal psychopathology and, importantly, with higher rates of internalizing, externalizing and obsessive-compulsive symptoms in their offspring, with the different OCS dimensions having distinct associations with the Child Behavior Checklist domains (internalizing, externalizing and OCS domains). Such findings highlight the relevance of screening for maternal OCS as part of the implementation of preventive and early intervention strategies for adults with psychopathology and their children. A subsample from the same cohort comprising 378 children at high risk of developing a mental disorder was assessed by Salto et al. for clinical, genomic and structural neuroimaging data at two time points separated by 3 years. The authors aimed to explore the relationship between OCS and the rate of thalamic volume change over time. They found that a slower decrease in the right thalamic volume showed a positive relationship with the presence of OCS after 3 years.

The association of childhood maltreatment (CM) in its various forms (physical, sexual and emotional abuse and neglect) and the clinical symptomatology of OCD was addressed in a meta-analysis by Ou et al. Their results revealed that CM positively correlates with the severity of OCD, as well as depressive symptoms. In particular, emotional abuse correlated with the severity of obsessive-compulsive symptoms as a whole (total Y-BOCS score), whereas sexual abuse correlated with severity of obsessions but not compulsions. The authors point to the need for future longitudinal cohort studies to assess confounders such as the genetic variation and gene-environment interaction and to clarify a putative causal relationship between CM and OCD symptomatology.

The developmental subtype of OCD (early or pediatric onset OCD), in contrast to a later onset (adult) subtype, was addressed in a review by Geller et al.. The authors presented, in detail, the differences between pediatric and adult-onset OCD regarding familial patterns, comorbid disorders, phenotypic presentations, etiologies, neurocognitive and neuroimaging findings, treatment and outcome. They concluded that despite the body of evidence supporting the notion of a “developmental” pediatric subtype of OCD, additional translational and genetic studies are needed to clarify how the rapid development throughout the pediatric years, and the corresponding neuronal maturation, affect the presentation and research findings in youth and adults affected by the disorder.



Genetics

Balachander et al. report on the familial aggregation of symptom dimensions among 330 first-degree relatives affected with OCD in 153 multiplex families. They observed a high concordance of OCD symptom dimensions within families, with sex-concordant dyads showing higher correlations than discordant ones for all the symptom dimensions, particularly checking, washing and arranging. They argue for the inclusion of symptom dimensions as key parameters in genetic and neurobiological studies in OCD in order to facilitate discovery of reproducible genetic and neuroimaging signatures of the disorder.

A review by Szejko et al. presents a comprehensive overview of the available Big Data resources for the study of OCD pathogenesis in the context of genomics. It is well accepted that, from the point of view of genetics, OCD is a highly heterogenous disorder, which is also reflected in the diverse clinical phenotypes and variable responses to treatment. Therefore, tools aimed toward developing personalized diagnostic and therapeutic approaches in OCD are much needed. Challenges like including more diverse populations and adopting harmonized methodology across studies need to be considered as the field moves forward. For now, studies targeting the genomics of OCD remain of great importance to unravel the complex genetic architecture of OCD. They are expected to contribute to find pathophysiological pathways involved in the occurrence of OCD and to guide treatment, especially in the context of personalized medicine.



Neuroimaging

Murayama et al. investigated cerebellar-cerebral resting-state functional connectivity (rsFC) in unmedicated patients with OCD and healthy controls (HC) by determining seed ROIs in the cerebellum (related to the default mode network (DMN), the central executive network (CEN), the affective-limbic and motor networks) and verifying their rsFC to whole brain voxels. They report a significantly increased functional connectivity between the right lobule VI and the left precuneus in the OCD group as compared to HC. Based on the evidence that the precuneus is associated with higher-order cognitive processes and is one of the brain regions involving the DMN, the authors suggest that aberrant rsFC might occur not only in cerebral regions, but also in cerebellar-cerebral regions in OCD. In addition, they speculate that the increased rsFC between lobule VI, which has resting functional connectivity to the CEN, and the precuneus might relate to interference with the function of the DMN and involve the cognitive dysfunction in OCD. Of note, there was no correlation between the altered rsFC and obsessive-compulsive symptom severity. In face of this finding, the authors propose that the aberrant rsFC between the cerebellum and the DMN is not directly associated with the obsessive-compulsive symptoms (disease state marker), but a trait marker of OCD.

Computational models of OCD were addressed in a mini-review by Szalisznyó and Silverstein. In this approach, behavior and its neural correlates are quantitatively analyzed and computational models are developed to improve understanding of disorders by comparing model predictions to observations. The review covered mechanistic dynamical systems approaches, machine learning techniques (supervised and unsupervised models, reinforced learning), and Bayesian model selection frameworks. The authors related the modeling evidence and results to diagnostic procedures, co-morbid states, and therapeutical consequences in samples of patients with OCD. For clinicians with a traditional medical background, used to a phenomenologically based thought process, it may be challenging to follow this novel perspective. On the other hand, such dynamical approaches tend to develop in the near future, contributing to a more precise understanding of psychiatric illness and, hopefully, more personalized treatments.



Neuropsychology

An original study by Ren et al. conducted in 46 Chinese adult patients with OCD and 45 healthy controls matched for age, sex and education aimed to add diversity to the neuropsychological studies in OCD, mostly represented by Western samples. The authors chose five tests of the Cambridge Neuropsychological Test Automated Battery (CANTAB) to evaluate response inhibition, spatial working memory, planning, and cognitive flexibility, along with testing basic learning and visual recognition memory. Unexpectedly, no significant patient-control differences were observed in the performance of any tests, as well as no significant differences in cognitive performance involving basic learning and memory. Moreover, within the patient group, no significant performance differences were detected between patients with mild or severe OCD symptoms. Methodological limitations that may have contributed to these results include the lack of control for variables that could be related to test performance, like socioeconomic status, medication status, or intelligence and the small sample size.

Ma et al., at Yale University, investigated the mechanisms associated with the difficulty in decision making often seen in individuals with OCD, by examining value-guided choice in OCD. The authors utilized a novel task, in which two types of decision are tested in parallel, using the same individually calibrated sets of visual stimuli (Perceptual and Value-based decision-making task, PVDM). Participants with OCD were compared to age and IQ-matched controls. Interestingly, a gender-dimorphic effect was observed, where decision formation was altered in OCD, but only in males, who were more cautious and less effective in evidence accumulation than male controls, and less likely than controls to adjust the process of evidence accumulation across decision contexts.

An investigation of the effects of stress and obsessive-compulsive symptoms on emotion regulation was investigated by Ferreira et al. in participants with OCD and healthy controls utilizing self-reported measures of stress levels, obsessive-compulsive symptoms, and emotion reappraisal and suppression skills. Their results revealed that elevated stress values predicted increased scores for suppression and decreased scores for reappraisal, with the reliance on suppression strategies and the difficulty in using reappraisal approaches better explained by stress levels and not directly explained by obsessive-compulsive symptoms. Although these findings need replication in untreated patients, they suggest a therapeutic potential for incorporating stress as a target in the psychotherapy for OCD.

To conclude this topic, Kashyap and Abramovitch provide us with an updated overview of the neuropsychological literature in OCD and present recommendations for future research in the field. The available evidence shows common findings across studies, indicating deficient test performance across cognitive domains with small to medium effect sizes. However, results remain inconsistent and heterogeneous, while multiple attempts to identify moderators that may account for such variability (like symptom severity, age at onset, medication status and comorbid conditions), have been unrewarding. The authors highlight less studied potential moderators that could exert an impact on neuropsychological findings in OCD, like the assessment of motivational and metacognitive factors related to performance, which is not part of standard neuropsychological research. The authors recommend that future research consider state/trait personal variables that may impact test performance in OCD, which may also increase interpretive power, and goodness-of-fit with psychopathological models. In addition, in order to increase the ecological validity of neuropsychological testing, the authors recommend that researchers address the definition of cognitive impairments and carefully select tests and outcome measures, incorporating the assessment of everyday function and utilizing the verisimilitude approach, incorporating tests that mimic the demands of real-life situations, instead of focusing solely on tests that may be correlated with real-life functions. Self-report systems tapping into real-life functions related to cognitive domains would also be of added value. They conclude by pointing that the coming efforts may need to be broader, by investigating the role of other factors impacting cognitive dysfunction; deeper (e.g., explore tests and constructs in relation to neuropsychological methods, clinical, and functional correlates), and finer (e.g., undertake more nuanced investigations of test performance), in order to advance the field.



Phenotype

Apart from obsessions and compulsions, patients with OCD may present with symptoms pertaining to the sensorial domain. Bragdon et al. provide an interesting review on interoceptive processes in OCD (interoceptive accuracy, interoceptive sensibility and interoceptive awareness). Interoceptive sensibility appears to be the most consistently abnormal in OCD. For example, self-reported data suggest positive associations of the symmetry/ordering dimension with awareness of sensations and negative appraisal of internal sensations, pointing that interoceptive dysfunction may be relevant to this specific clinical presentation. In addition, neuroimaging investigations demonstrate the involvement of key interoceptive regions like the insula in the pathophysiology of sensory phenomena, urges-for-action, and disgust. Further knowledge on the relationship of interoception and related core OCD features could contribute to improving therapeutic outcomes.

Reports on the sexuality of patients with OCD are limited. A study by Dèttore et al. investigated the role of attachment styles and contamination symptoms as moderators of the relationship between gender and sexual arousal processes amongst patients with OCD according to the Dual Control Model. Their preliminary findings show that the relationship between gender and sexual arousal processes might be moderated by attachment styles and contamination symptoms. The authors suggest that sexual arousal should be more carefully evaluated during the clinical assessment of patients with OCD, and that gender-based effects of attachment styles and contamination symptoms should be taken into account to allow for personalized treatment planning.

The impact of the COVID-19 pandemic on OCD is addressed by Zheng et al., who report on the prevalence of OCD among residents in Wuhan 3 months after lifting the quarantine in the first outburst of the pandemic. The prevalence of OCD was 17.93%, with the most common obsessions being miscellaneous, aggressive and contamination, whereas miscellaneous, checking and cleaning/washing/repeating were the most common compulsions. Being single and a student, having a positive family history of OCD and other mental disorders, the presence of psychiatric comorbidity, and longer sleep latency were predictors of OCD in this specific situation.



Comorbidity

A systematic review and meta-analysis on the lifetime comorbidities in OCD across the lifespan, by Sharma et al., covered the literature from the past 30 years. The authors adhered to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines, studies were clinic-based and reported original findings on individuals with OCD, evaluated with standardized diagnostic interviews. A pooled sample of more than 15,000 individuals yielded a comorbidity rate of 69%. Among children, anxiety disorders prevailed, whereas mood disorders prevailed in adults. Neurodevelopment disorders, specifically tic disorders and ADHD, were similarly prevalent among pediatric and adult samples. Personality disorders were prevalent in about 35% of the pooled sample from studies on adults with OCD, being OCPD the most common (17%), followed by anxious-avoidant (9%) and borderline personality disorder (9%), highlighting the need to include personality disorders assessment in the clinical evaluation of adults presenting with OCD. Among demographic factors, males presented higher rates of comorbidity with any psychiatric illness than females. Both the age of OCD onset and the age at assessment influenced the comorbidity profile and, in this way, are expected to also impact treatment. The collection of findings represents a relevant contribution to the need for more comprehensive clinical evaluation and management planning for those suffering with OCD.

An original study by Nicolini et al. aimed to compare the prevalence of use and dependence on cannabis in individuals with obsessive-compulsive symptomatology (OCS) with that of individuals with psychosis, depression, and anxiety symptoms, and to explore the association between genetic risk and use in 13,130 individuals evaluated in the second stage of the 2016 National Survey of Drug, Alcohol, and Tobacco Use (Encodat 2016). Genetic analysis (polygenic risk scoring-PRS) was available for a subsample of 3,521 individuals. Obsessive symptomatology had a 7.2% and compulsive symptomatology 8.6% prevalence. The proportion of individuals with OCS who had ever used cannabis was 23.4%, and of those with cannabis dependency was 4.3%, a figure higher than that in individuals with hypomania (2.6%), anxiety (2.8%) and depression (2.3%) and lower than in individuals with psychosis (5.9%). Individuals with OCS who reported using cannabis had an increased genetic risk for cannabis dependence but not for OCD. The authors hypothesize that the use of the PRS for cannabis dependence could be useful in predicting which individuals are at high risk, and to determine whether pharmacological treatment based on THC derivatives would be useful, or would exacerbate obsessive-compulsive symptomatology.



Treatment

Zaboski et al. provide us with a narrative review on electroencephalography (EEG) correlates and predictors of treatment response in OCD. Most studies included medication or combined medication and CBT treatment, and one study looked at a small sample of subjects submitted to DBS. Initial studies addressing Error-Related Potentials using response inhibition tests found, for the Flanker test, that Error-Related Negativity (ERN) behaved more like an OCD-associated trait than a state-dependent correlate of symptomatology. In contrast, the Stroop test changed with treatment in another study. The P300, another ERP component, correlates with attention allocation and working memory while one is processing salient information. The P300 is elicited using an auditory oddball paradigm, where repetitive sounds are infrequently interrupted by a variant sound to which the participant must respond. Studies employing this paradigm before and after OCD treatment have reported conflicting results, with a tendency to consider that P300 amplitude and frequency differ at baseline in patients relative to controls, but only the amplitude changed at post treatment. Small studies on EEG complexity measures and individual oscillatory markers, along with limitations in identifying where in the brain the measured oscillatory signals arise, shall benefit from the recent advances in EEG data processing, such as techniques for band-specific source localization, allowing for more complex and efficient analyses and better source localization. Such approaches should help us to advance the knowledge on brain correlates of treatment response in OCD at the level of regions, networks, and frequency patterns.

The integrity of the white matter (WM) at pre and post treatment with concentrated exposure and response prevention (ERP) was investigated by Brecke et al.. They examined 32 patients with OCD and 30 matched healthy controls and searched for changes in the WM after a four-day treatment with concentrated ERP. The regions of interest (ROI) were the sagittal striatum, the posterior thalamic radiation and the cingulum, and longitudinal analyses were performed after 3 months of treatment completion. Despite a high rate of remission (77%), the authors did not find significant differences between groups in the various WM parameters before treatment, nor significant group by time effects in any of the ROI. Baseline FA measures were not associated with treatment outcome.

The maintenance of gains after inpatient intensive treatment for adults with treatment refractory OCD after 1 year post discharge was investigated in the UK by Nadeem et al., with encouraging findings. A hundred and thirty patients were admitted with severe OCD, with an average Y-BOCS total score of 36.9 at admission. After intensive treatment comprising pharmacologic optimization, individualized exposure programs and group therapy sessions focusing on facing up to fear and activities of daily living, the mean YBOCS total score dropped to 23.4 (36% mean reduction). Eighty percent of the sample remained available until the 12th month follow-up, when the maintenance of gains revealed stable around a 40% improvement.

The role of adherence in the success of intensive behavioral treatment was studied by Tjelle et al., in a sample of 42 patients that received the Bergen 4-day format concentrated exposure/response prevention treatment. Adherence was measured with the Exposure and Response Prevention Adherence Scale (PEAS), rated both by patients and therapists, after the second and third day. Treatment outcome, assessed at 3-month follow-up, consisted of a 71.4% remission rate, associated with high adherence scores, which the authors suggest could be related to the concentrated format making it easier for the patient to adhere to treatment given the short time period, and that patients selecting intensive treatment are more able to sustain motivation during this brief period. Importantly, besides improvement of OCS, adherence rates correlated also with improvement of anxiety and depression, well-being, and work- and social functioning.

Clinical, sociodemographic and psychosocial predictors of the need for intensive treatment were investigated by du Mortier et al. in 419 patients with OCD using 6-year longitudinal data of the Netherlands Obsessive Compulsive Disorder Association. Being single, more severe comorbid depression, use of psychotropic medication, and a low quality of life predicted intensive treatment in the following 2 years. The authors recommend that therapists stay aware of such predictors in order to optimize first-step treatments and prevent the necessity of intensive treatment. Besides, the predictors might be used to tailor intensive treatment to the characteristics of patients involved. Examples include working on comorbid depression and personal goals in treatment, in addition to working on OCD, and providing extra support in treatment for patients who need it and to adjust treatment to impairments due to morbidity and/or a low quality of life.

The feasibility and efficacy of a flexible dose regimen of intensive CBT for youth with OCD was addressed by Selles et al. in a randomized pilot study. The authors also compared outcomes across home and hospital setting delivery. The results confirmed the efficacy of the intensive CBT program, with significant improvement in OCD and more modest benefits in comorbid symptoms and quality of life. Observed differences in treatment session utilization levels across participants suggest that flexibility in treatment dosing is desirable and useful in optimizing levels of care based on individual need. Treatment was rated highly by participants. The authors concluded that adjusting the amount of treatment provided based on patient need/preference is feasible and allows for flexible allocation of resources. In addition, although treatment setting was not found to have a major impact on outcomes, treating patients within their home environment may offer some additional benefits in generalizability and maintenance of gains as well as youth satisfaction.

Another attempt toward a more individualized approach to treatment is described in the original article by van Steenwijk et al.. They examined the relation between the performance on a pre-treatment behavior approach test on willingness and ability to fully engage in exposure/response prevention (BAT) and symptom change after 12 weeks of intensive residential treatment (IRT). Although the performance on the BAT was significantly associated with symptom change after IRT, its effect-size was insufficient to justify transforming the BAT in its current fashion into a clinically useful instrument for indicating which treatment and treatment-setting is most promising for the individual patient. The authors discuss the need for tools that can differentiate between the patients who do profit from IRT and the ones who do not or are in need of more extensive preparation trajectories.

Taken together, the manuscripts within this Research Topic cover a broad range of themes related to the current diagnostic challenges and the search for personalized treatment in OCD across the lifespan. There is still a long way to go, as pointed by the authors in the numerous directions for future research in each theme. Nevertheless, this initiative demonstrates how the efforts across the globe adopting rigorous methodological standards can achieve continuous progress toward a deeper understanding of OCD in its many facets, and positively impact clinical practice in addressing the unmet needs of patients throughout their lifetime.
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Background: Coronavirus disease-19 (Covid-19) is one of the most devastating epidemics in the 21st century, which has caused considerable damage to the physical and mental health of human beings. Despite a few regions like China having controlled the epidemic trends, most countries are still under siege of COVID-19. As the emphasis on cleaning and hygiene has been increasing, the problems related to obsessive-compulsive disorder (OCD) may appear.

Objective: This study was designed to investigate the prevalence of OCD in the urban population in Wuhan during the stage of regular epidemic control and prevention. Meanwhile, characteristics and risk factors for OCD were also explored.

Method: Five-hundred and seventy residents in urban areas of Wuhan were recruited using the snowball sampling method to complete questionnaires and an online interview from July 9 to July 19, 2020. Collected information encompassed socio-demographics, Yale-Brown Obsessive-Compulsive Scale (Y-BOCS) scores, Social Support Rating Scale (SSRS) scores and Pittsburgh Sleep Quality Index(PSQI) values.

Results: Three months after lifting the quarantine in Wuhan, the prevalence of OCD was 17.93%. About 89% of OCD patients had both obsessions and compulsions, while 8% had only obsessions and 3% had only compulsions. Top 3 common dimensions of obsessions were miscellaneous (84.0%), aggressive (76.6%), and contamination (48.9%), and of compulsions were miscellaneous (64%), checking (51.7%), and cleaning/washing/repeating (31.5%). The unmarried were more vulnerable to OCD than the married (p < 0.05, odds ration = 1.836). Students had 2.103 times the risk of developing OCD than health care workers (p < 0.05). Those with positive family history of OCD and other mental disorders (p < 0.05, odds ration = 2.497) and presence of psychiatric comorbidity (p < 0.05, odds ration = 4.213) were also at higher risk. Each level increase in sleep latency increased the risk of OCD to 1.646 times (p < 0.05).

Conclusion: In the background of regular epidemic control, the prevalence of OCD was high, and the symptoms were widely distributed. Obsessions often accompanied compulsions. Being single and a student, positive family history of OCD and other mental disorders, presence of psychiatric comorbidity, and longer sleep latency were predictors of OCD. Early recognition and detection of these issues may help to intervene in OCD.

Keywords: prevalence, distributions, risk factors, regular epidemic control and prevention, OCD, COVID-19


INTRODUCTION

The new coronavirus disease (COVID-19), which was first detected in December 2019, was declared as a public health emergency of international concern (PHEIC) on January 30, 2020 (1). Due to the rapid spread of the infection and paucity of available medical resources, the entire world was affected within a short time. The medical service system was once on the brink of collapse, facing the seemingly invincible “rival.” As of August 8, 2020, the total number of confirmed cases had approached 19,295,350, among whom, 719,805 people had lost their lives (2). As one of the first few countries which were heavily hit by the pandemic for a long time, mainland China has almost succeeded in managing the situation. Despite some slight increase in numbers of contingent and sporadic cases, Wuhan was reopened on April 8, 2020, and financial status and social businesses were gradually brought back on track. Notwithstanding, mental health seems to be a pending problem worth close attention.

Apart from causing serious damage to the human body, infectious diseases tend to influence mental health (3); the same is the case with COVID-19. Since the outbreak of this unprecedented pandemic, a swarm of studies across nations indicated an increased prevalence of mental disorders. For example, a study from China found that 40.4% of the local youth were mentally distressed, among whom ~1/3rd had symptoms of post-traumatic stress disorder (4). Another study of the adult population in Bangladesh found that 33.7% of the sample population was anxious, and 57.9% was depressed (5). However, previous studies were largely based on statistics at the beginning or peak of the pandemic, and no studies have investigated the mental status of the population in the later stage. After all, the quarantine has been lifted for months in Wuhan, China. According to an earlier review, the most focused mental disorders were anxiety, depression, post-traumatic stress disorder, stress, and not much attention was paid to obsessive compulsive disorder (OCD) (6).

OCD, mainly characterized by recurrent intrusive thoughts (obsessions) and repetitive stereotyped behaviors (compulsions), is a common chronic mental disease, which is often under-recognized (7). The estimated lifetime prevalence is usually believed to be 2–3% (8). As one of the top 10 diseases contributing to the Global Burdens of Disease, it is also related to suicide (9, 10). The fact that OCD could last for decades has also been mentioned in some clinical and community researches (11). Trauma, originally considered as a cause of post-traumatic stress disorder, could influence OCD to some degree (12, 13). A recent study conducted among OCD cases in Italy found a higher Y-BOCS score after 6 weeks of quarantine, indicating possible changes in OCD severity. However, studies rarely discussed the occurrence of OCD among the general population (14). After all, psychological reconstruction is an upcoming challenge. Is the prevalence of OCD still high in the epidemic stage?

Social support and sleep quality have been linked to mental health in many previous studies; enough social support and good sleep quality could ensure a better mood (15, 16). However, the association between them seems to be complicated. For example, family members are challenged in terms of offering support, which is helpful for patients with OCD, but to not let this support turn into family accommodation, which may lengthen the duration of OCD symptoms because anxiety is avoided in these patients (17). Jacob A. Nota found that delayed sleep phases were common in patients receiving intensive OCD treatment and later bedtimes were associated with more severe OCD symptoms both during admission and after discharge, however, no evidence revealed the same prediction for sleep onset latency or duration (18). No exploration on correlation between sleep quality and OCD in this special situation was found. Accordingly, more studies should be made to elucidate the relationship between social support or sleep quality and OCD in the later stage of the epidemic.

Currently, most countries are still under the siege of Covid-19. The occurrence of mental problems may be delayed, and these problems can persist for a long time. Therefore, the mental health effects of the pandemic need to be investigated. Would people in reopened areas suffer from OCD in the background of regular epidemic prevention and control?

Thereby, we investigated urban residents in Wuhan, aiming at collecting concrete clues on OCD and its risk factors, which might, in turn, assist in providing valuable reference for other countries as well as handling this issue instantaneously and potentially. The hypotheses for this study were the following.

Hypothesis 1: the prevalence of OCD in the regular epidemic stage is higher than what it used to be pre-pandemic.

Hypothesis 2: social support and sleep quality may help to predict OCD diagnosis in this background.



MATERIALS AND METHODS


Participants

People from central areas of Wuhan, China, were recruited online through “Wenjuanxin” and “WeChat” using the snowball sampling method from July 9 to July 19, 2020, around 3 months since the quarantine had been lifted.

Inclusion criteria were: (1) a resident of a central urban area in Wuhan, (2) aged 15 years or above, and (3) ability to understand the contents of questionnaires.

People were excluded if they: (1) could not meet the inclusion criteria, (2) spent <2 min or over 1 h for filling questionnaires, (3) stumbled upon “trap questions,” or (4) dropped out.

Eleven participants spent over 1 h for filling questionnaires, 17 failed in “trap questions,” and 1 quit midway. Thus, 29 invalid questionnaires were eliminated, and 541 samples were included in the analysis; the valid response rate was 94.91%.

All respondents participated voluntarily under the premise of written informed consent and could quit at any time. Ethical approval was obtained from Renmin Hospital of Wuhan University.



Measures


Demographics

Several socio-demographic characteristics, such as sex, age, income, marital status, educational level, and number of family members, were included in the questionnaire (Table 1).


Table 1. Socio-demographic characteristics of residents included in the study.
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In particular, information on family history of mental disorders or comorbid mental disorders was acquired by items in the questionnaire saying “Have you ever been diagnosed with a mental illness like schizophrenia, depressive disorder, maniac disorder, bipolar disorder, anxiety disorders, post-traumatic stress disorder, Tourette syndrome in the hospital and remained uncured,” “Do you have family members diagnosed with OCD or mental disorders like above?” We also reconfirmed this information orally in a brief online interview. Respondents who reported the presence of an additional mental disorder as well as the context where the diagnosis was given, plus the duration of the disorder, were confirmed as participants with psychiatric comorbidity. The same criteria were applied to ascertain a positive family history for a mental disorder.



Yale-Brown Obsessive-Compulsive Scale (Y-BOCS)

The widely used Y-BOCS consists of a checklist for symptoms (58 items) and a scale for severity (10 items, with each item scored from 0 to 4, and a total point ranging from 0 to 40). There is a moderate correlation in consistency and discrepancy between self-reported and clinician-rated Y-BOCS scores and patients tend to rate symptoms lower than clinicians from experience (19, 20). Given its availability in self-report format, Y-BOCS was applied for the assessment of diagnosis and manifestations of OCD as an online questionnaire and interview. A cut-off point of 6 was considered for the diagnosis of OCD (21).

A 10-min oral online interview was conducted for all participants through the “Wechat” app (a worldwide communication application, similar to Facebook, Skype, etc.) for rendering explanations of purpose of this research, reconfirmation of participation, as well as interpretation of colloquial definition of obsessions and compulsions, thereby aiming to minimize the confusion to a maximum level.



Social Support Rating Scale (SSRS)

The Chinese version of SSRS designed by Shuiyuan Xiao was used to evaluate the type and levels of social support received from others. The questionnaire consists of 3 aspects, namely, subjective social support, objective social support, and the availability of social support, with a total point ranging from 7 to 56. The more the points you score, the more the social support you have (22).



Pittsburgh Sleep Quality Index (PSQI)

The modified PSQI with 4 dimensions, such as sleep satisfaction, sleep disturbance, sleep latency, and sleep duration, was applied to appraise sleep quality. Each dimension is scored between 0 and 3, with a total point ranging from 0 to 21, and the more the points you score, the poorer the quality of your sleep (23).



Statistical Analysis and Data Processing

SPSS 24.0 software (Armonk, NY: IBM Corp) was used for statistical analyses. The dependent variable in the current study, OCD or non-OCD, was categorical, while independent variables consisted of both categorical and quantitative ones. Thereby, comparisons of group differences in categorical data were performed by the chi square test. Quantitative variables with normal distribution were processed using the T-test, while non-normally distributed variables were processed using non-parametric tests. A p < 0.05 indicated a significant difference. Besides, all significant factors in univariate analysis as well as those believed to be relevant variables were introduced in a multi-factorial logistic regression stepwise equation (LR, Forward) for a deeper insight into relatively independent risk factors of OCD; p < 0.05 indicated significance.





RESULTS


Description of Samples

Five-hundred and seventy residents from all 7 central urban areas in Wuhan participated in the research, 29 among whom were excluded due to invalid response to the questionnaire. Thus, 541 appropriate respondents were included; 57.5% of them were females, and the rest were males. Most respondents were young (86.7%). About 7.6% of respondents admitted to having co-morbidity with other mental diseases, and 5.2% claimed to have family members with mental disorders. Complete baseline information is shown in Table 1.



Distribution of OCD Symptoms

In total, 97 respondents were confirmed to have OCD according to Y-BOCS, among whom 86 had both obsessions and compulsions; obsessions (n = 8) or compulsions (n = 3) presenting alone were rare.

For a clearer understanding of the manifestations of symptoms, the Y-BOCS symptom checklist was introduced. As shown in Table 2, a wide range of distribution of manifestations of obsessions and compulsions was observed. Top 3 obsessions were miscellaneous (84.0%), aggressive (76.6%), and contamination (48.9%); top 3 compulsions were miscellaneous (64%), checking (51.7%), and cleaning/washing/repeating (31.5%).


Table 2. The detailed distribution of symptomatic dimensions among people with OCD.

[image: Table 2]



Group Differences of OCD in Socio-Demographics, Social Support, and Sleep Quality

Altogether, 97 respondents met the criterion for OCD diagnosis, so the prevalence of OCD in the background of regular epidemic prevention and control was 17.93%. The prevalence of OCD increased as age decreased, with the highest being 22.66% in the young group aged between 15 and 24 years (p < 0.05). Further, the univariate analysis indicated that the prevalence of OCD diagnosis differed depending on some sociodemographic variables such as marital status, occupation, and employment status (p < 0.05). Moreover, the prevalence in respondents who were asymptomatic cases, with comorbid mental disorders, family history of OCD or other mental disorders, sleep disorders, or poor social support levels turned out higher than that in those without these factors (p < 0.05).



Predictors for OCD

Significant variables from Supplementary Table 1 and those non-significant but believed to be relevant factors from past experience (gender, education level) (24, 25) were all included in the multivariate logistic regression model; finally, as listed in Table 3, several variables were identified as predictors for OCD. Compared to the married, the respondents who were single were at 1.836 times the risk of having OCD (p < 0.05). Students were at 2.169 times the risk of having an OCD diagnosis compared to that of health care workers (HCWs). The prevalence of OCD in people with comorbid mental disorders or a positive family history of OCD or other mental disorders was much higher than that in those without other mental disorders (p < 0.05). Notably, sleep latency, which was one of the assessments for sleep quality in the current research, turned out to be an independent predictor for OCD; each unit increase in sleep latency was associated with 0.646 times higher risk for developing OCD (p < 0.05).


Table 3. Multi-factorial stepwise logistic regression analysis of related factors.

[image: Table 3]




DISCUSSION

To the best of our knowledge, this is the first study on the prevalence of OCD and possible influencing factors among central urban residents in Wuhan in the background of regular epidemic control and prevention. As known to all of us, Wuhan, one of the first areas that were heavily thrashed by COVID-19, has achieved great success in the battle against this pandemic through hard work and generous support from all circles. New cases have not been observed since March 18, 2020, and the lockdown policy was removed on April 8, 2020, under the premise of the mitigated situation.

Notwithstanding, something worth much attention is the fact that people from this area might still suffer from certain mental disorders in the stage of regular epidemic prevention. As observed in this study, despite being a relatively secure area compared with many other countries where the pandemic progressed, 3 months after reopening, people in Wuhan were still affected by OCD with a prevalence rate of 17.93%. Occupation, marital status, comorbid mental disorders, family history and sleep latency were associated with OCD.

To date, very limited studies have focused on OCD. An earlier study with Symptom checklist-90 indicated that the prevalence rates of OCD symptoms among HCWs and non-HCWs were 5.3 and 2.2%, respectively (26). Similar to other mental diseases, OCD was pervasive among participants in our study, with prevalence rates of 14.6% for HCWs, 29.2% for students, and 15.1% for others. Students had 2.169 times the risk of developing OCD compared with that of HCWs (p < 0.05), indicating that students were the vulnerable ones. Indeed, students, under great pressure and with dubiously-oriented coping skills were often prone to mental disorders (27). Hence, more attention from the education sector is warranted. It is also important to note that we did not classify students into more detailed categories according to majors (e.g., medicine, art or music, computer or Internet) or grades (e.g., freshman, sophomore, junior, senior). Hence, it would be too early to figure out whether differences exist between medical students and HCWs or across subgroups. Further research in this direction would help to address this problem. Marriage was another predictor of OCD; the risk of developing OCD in the unmarried population was 1.836 times greater than that in the married population. Previous studies have shown that marital status contributed meaningfully to the quality of life; meanwhile, nearly all domains of quality of life seemed to have degenerated in patients with OCD (28–30). This may be the reason that marriage acted as a predictor of OCD in our study. Comorbid status is typical of OCD, as indicated in one study, where in ~80% of cases, OCD occurred at a certain stage after being diagnosed with anxiety (31). In our research, people with other concurrent mental disorders were more prone to develop OCD (48.8 vs. 15.4%, p < 0.05, odds ration = 4.213). A family history of OCD also increased the risk of developing OCD with an odds ratio of 2.497. Previously, both twin studies and genome-wide association reports indicated the heritability of OCD (32, 33). Regarding sleep quality, difficulty in falling asleep was a predictor of OCD. The risk of developing OCD seemed to increase by 64.6% for every increase in the level of sleep latency. People were reported to have many sleep problems during the quarantine, which may have been associated with the risk of developing OCD (15, 16). Consistent with this, in our study, many patients with OCD had disturbing thoughts and repetitive performances like counting or making the bed, which in turn influenced the development of OCD. Several research articles and meta-analysis found that depression and anxiety play a key role in the sleep disturbances among OCD patients (34–36). Unfortunately, we did not recruit subjects with anxiety and depressive disorders, but an emerging idea of interactive effects among these mental diseases should be explored in future investigation. There are insufficient investigations focused on the distribution of obsessions and compulsions. A study on Chinese Han population in 2012 indicated that the commonly detected obsessions were aggressive (42.4%), miscellaneous (42.2%), and contamination (21.6%); while compulsions were checking (52.1%), miscellaneous (25.2%), and washing/cleaning (25.2%) (37). Compared with their results, our study showed a more wide-ranging distribution of overlapped symptoms, and detection rates of both obsessions and compulsions related to hygiene in our study were higher than in theirs. The exact influencing factors are opaque at present, but, as pointed out, a distinction does exist regarding the distribution and detection rate of symptoms. Medical response refers to how we react to the pandemic medically, what measures we prefer to take to contain the pandemic, the speed with which we take medical-related actions, etc. Further research should clarify if the symptom dimension/severity would be associated with the ways people deal with the COVID-19. In our study, some variables such as age, employment status, asymptomatic status, and social support, which were significant factors in univariate analysis, revealed no significance in the multi-factorial regression model. This could be explained by interactions between the variables and differences in research periods, populations, or selected scales. The local government did provide much support for people in Wuhan, such as providing coupons and tax deduction; therefore, the fact that basic level of social support was high might be another reason that this variable was not a significant factor. However, our study found a somewhat high prevalence of OCD even in the regular pandemic control stage, which might provide some basic information or reference for other countries.


Limitations and Prospects

Despite several findings mentioned above, our study has some limitations. First, the cross-sectional design with a limited sample size makes it hard to figure out a causal relationship between the factors and OCD; therefore, in future research, we will be following-up on these residents as well as including a larger sample as possible. Second, considering the fact that people experienced a huge impact not so long ago, a more unbiased randomized sampling method was not applied; it should be adopted in future research when appropriate. Third, we did not compare the differences among groups with different levels of OCD (mild, moderate, severe); future research should address this limitation. Finally, it remains to be seen to what extent and how people from other parts of the world experience OCD in this special situation.



Conclusions

The present cross-sectional study conducted among urban people in Wuhan indicated that OCD, with wide-ranging symptomatic dimensions, was very pervasive in the stage of regular epidemic control. In addition, it was observed that obsessions and compulsions occurred independently. Being single or a student, family history of OCD, comorbid status, and longer sleep latency appear to be potential predictors of OCD in this situation; therefore, more attention should be paid to these factors, allowing for early detection and intervention in OCD.
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Obsessive-compulsive disorder (OCD) is associated with emotion regulation impairments, namely the frequent use of maladaptive strategies such as suppression and the decreased use of reappraisal strategies. Additionally, these patients exhibit elevated stress levels. Since stress exposure affects emotion regulation abilities, stress might influence the relationship between obsessive-compulsive symptoms and emotion regulation. In this study, we explored the effects of stress and obsessive-compulsive symptoms on emotion regulation in a sample of healthy and OCD individuals. We used self-reported psychometric scales to measure stress levels, obsessive-compulsive symptoms, and emotion reappraisal and suppression skills. We applied multiple regression and mediation analyses. Our results demonstrated that increased reappraisal scores were associated with higher suppression scores. Additionally, elevated stress values predicted increased scores for suppression and decreased scores for reappraisal. Furthermore, the reappraisal abilities resulted from a combination of a direct effect of obsessive-compulsive symptoms and an indirect effect of obsessive-compulsive symptoms mediated by stress. The reliance on suppression strategies and the difficulty in using reappraisal approaches are explained by stress levels and are not directly explained by obsessive-compulsive symptoms. This study highlights the necessity of targeting stress in current therapy-based treatments for OCD.
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INTRODUCTION

Obsessive-compulsive disorder (OCD) may arise from an interplay between genetic and environmental risk factors, namely exposure to stressful and traumatic life events (1, 2). Moreover, increases in general stress (e.g., job loss and family disease) and changes in routines throughout life are features associated with the development (3) and severity (4, 5) of OCD. OCD is characterized by elevated levels of anxiety and distress elicited by the presence of intrusive thoughts (obsessions) (6). The enhanced levels of distress might increase the hypothalamic-pituitary-adrenal (HPA) axis function resulting in an augmented stress response (7–9). In line with this assumption, previous studies have found correlations between perceived stress levels and obsessive-compulsive symptoms in OCD and healthy individuals (10–12), and between cortisol responses and obsessive-compulsive symptoms in healthy individuals (13). Additionally, other researchers demonstrated that increased cortisol levels are a hallmark of OCD also suggesting the hyperactivity of the HPA axis (10, 14), although contradictory findings were also found (11). Furthermore, brain anatomical and functional alterations in the striatum (caudate and putamen), hippocampus, amygdala, and medial and orbitofrontal prefrontal cortices have been reported for OCD and stress, suggesting that stress may exacerbate the bias toward habitual and ritualistic compulsive behaviors in OCD patients (1, 15–18).

OCD is also linked to emotional regulation deficits (19–21). Past research has shown that OCD patients frequently suppress their emotions instead of using more beneficial reappraisal strategies (22–26). The constant use of suppression has counterproductive effects leading to more distress and intrusive thoughts (27, 28). Cognitive reappraisal consists of the alteration of the initial experiencing of affective stimuli. Two main strategies are commonly used for cognitive reappraisal: (1) reinterpretation—interpretation of the stimulus to achieve a more positive/pleasant connotation; (2) distancing—visualizing the stimulus from the perspective of an unrelated observer or an unreal situation. For example, OCD patients can reinterpret their intrusive thoughts as a common event that occurs in everyone's life. Additionally, OCD patients can distance themselves from the consequences of their intrusive thoughts by thinking of them as not real. Expressive suppression relies on the inhibition of behavioral and emotional responses in the presence of affective stimuli (29–32). The emotional appraisal and regulation processes are linked to stress mechanisms. Acute and social stressors lead to the engagement of maladaptive emotion regulation strategies such as worry and rumination (33). Thus, the chronic use of these strategies might in turn augment the stress response. Indeed, maladaptive emotion regulation strategies have been associated with increased stress responses (33, 34), while reappraisal leads to enhanced stress recovery (34) in healthy participants and individuals with anxiety disorders. A recent meta-analysis also reported that reappraisal of fear/negative emotions induced by stressful tasks decreases the heart rate in healthy individuals (35). Moreover, emotion regulation difficulties translate into decreased heart rate variability (36, 37), a well-known biomarker of stress (38). Lastly, diminished cortisol and perceived stress levels in response to an acute stressor were observed after cognitive-behavioral stress management (39). These authors reported that the alterations in stress response were associated with changes in emotion appraisal.

In this way, stress may play a significant role in the relationship between OCD and emotion regulation. In this study, we aim to investigate the impact of stress and obsessive-compulsive (OC) symptoms on emotion regulation in a sample of non-psychiatric and OCD individuals using psychometric instruments. Based on the previous literature, we assume that higher scores for stress and OC symptoms are associated with less effective use of emotion reappraisal and enhanced use of emotion suppression strategies. Furthermore, past evidence suggests a link between stress and OC symptoms. Thus, we hypothesize that stress mediates the effect of OC symptoms on emotion regulation. This study elucidates the role of stress on OCD providing new recommendations for current psychotherapy approaches.



MATERIALS AND METHODS


Participants

We included OCD patients and non-psychiatric control participants in this study. These groups of participants with low and high OC symptoms were recruited to have a wider range of OC symptomatology. OCD patients were recruited at the Psychiatry Unit of Hospital de Braga (Braga, Portugal) and diagnosed by a psychiatrist (PM) according to the Diagnostic and Statistical Manual of Mental Disorders (DSM-5) criteria. The patients were under treatment as usual or were treatment naïve. We excluded patients with comorbid psychiatric disorders or a history of neurological disorders. The control participants were recruited among the local community according to the age, gender, and education level of the patients, did not have a history of psychiatric/neurological disorders, and were not taking psychiatric medication.

All participants signed an informed consent. The study was approved by the ethics committees of Hospital de Braga (Comissão de Ética para a Saúde), Braga, Portugal, and University of Minho (Subcomissão de Ética para as Ciências da Vida e da Saúde), Braga, Portugal, and respected the Declaration of Helsinki principles.



Psychometric Evaluation

The Yale-Brown Obsessive Compulsive Scale (Y-BOCS) was applied to evaluate the disease severity in OCD patients (40–42). We also applied the Emotion Regulation Questionnaire (ERQ) to measure reappraisal and suppression abilities (43, 44). The Obsessive-Compulsive Inventory-Revised (OCI-R) was also used to measure OCD severity and dimensions (washing, checking, ordering, hoarding, obsessing, and neutralizing subscales) (45, 46). The 10-items Perceived Stress Scale (PSS-10) was also applied to quantify self-perceived stress levels (10, 47, 48). PSS-10 measures prolonged psychological stress experienced in the month preceding the scale application.



Statistical Analysis

The statistical analysis was performed with JASP (version 0.11.1; JASP Team, University of Amsterdam, The Netherlands). P-values under 0.05 were considered statistically significant. All statistical tests were two-tailed. The assumption of normality was assessed with the Shapiro-Wilk test. The Cohen's d effect size was calculated for all results: 0.2 ≤ d < 0.5 small effect; 0.5 ≤ d < 0.8 medium effect; d ≥ 0.8 large effect (49).

First, we evaluated differences in demographic (age, gender, and education) and psychometric (ERQ reappraisal and suppression, PSS-10, and OCI-R total and subscales) variables between the OCD and control group using independent samples t-tests for parametric variables and the Mann-Whitney [U] test for non-parametric variables (the chi-squared test was used for the categorical variable gender [χ2]). We used Bonferroni correction for multiple comparisons in the OCI-R subscales (washing, checking, ordering, hoarding, obsessing, and neutralizing).

Moreover, we explored the association among the variables (age, education, ERQ reappraisal and suppression, PSS-10, and OCI-R total) for all participants and within each group (OCD and control) using Pearson's or Spearman's correlation, depending on the normality of the variables. We used Bonferroni correction to correct for multiple comparisons.

After, we used two multiple regression models to study which demographic and psychometric variables predicted the ERQ reappraisal and ERQ suppression scores in the total sample. We tested the following predictors: age, gender, education, PSS-10, OCI-R total, and ERQ reappraisal/ERQ suppression. The assumptions of normality, linearity, and homoscedasticity were verified by visual inspection of the Q-Q and residuals-predicted plots. Correlations between residuals and multicollinearity were verified with the Durbin-Watson value (between 1.5 and 2.5) and tolerance (>0.1) and variance inflation factor (<10) values (50, 51).

Lastly, we performed a mediation analysis to understand if the OCI-R total score (predictor variable) predicted the ERQ reappraisal and suppression scores (outcome variables) when mediated by the PSS-10 score (mediator variable), using age, gender, and education as background confounders. We followed the assumptions for mediation analyses defined by Kenny and colleagues (52–54): the predictor variable influences the mediator variable; the mediator variable affects the outcome variable when controlling for the predictor variable. The influence of the predictor variable on the outcome variable is no longer a requirement for mediation analysis according to these authors. We applied the bias-corrected percentile bootstrap method with 1,000 replications. The use of bootstrapping in mediation analysis consists of a non-parametric method to estimate the sampling distribution of indirect effects without prior assumptions of the distribution shape, providing higher statistical power and more accurate estimation of confidence intervals than standard methods (55–57). This analysis was performed using the total sample. We assessed direct, indirect, and total effects of the OCI-R score on the ERQ reappraisal/suppression score. The indirect effect represents the amount of mediation by the PSS-10 score and the total effect result from the sum of direct and indirect effects (57, 58).




RESULTS

We included 43 OCD patients and 22 control participants. One OCD patient was excluded because he/she did not fill the OCI-R scale. Three patients were treatment naïve, 3 patients were not under medication, and the other patients were taking psychotropic medication (clomipramine, fluoxetine, fluvoxamine, sertraline, or escitalopram). Nine patients were being treated with psychotherapy (13 patients with missing information).

Table 1 contains the descriptive and statistical values for demographic and psychometric data. OCD and control groups were not different in terms of age, gender ratio, and education level. Additionally, we observed statistically significant increases in the PSS-10 score, and the OCI-R total, washing, checking, and obsessing scores in the OCD group. Moreover, OCD participants had decreased scores for the ERQ reappraisal subscale.


Table 1. Description of the demographic and psychometric variables for the obsessive-compulsive and control group and for the whole sample, and representation of the statistical differences between groups (independent samples t-test, Mann-Whitney test [U], and chi-squared test [X2]; pbonf - p-value after Bonferroni correction; d—Cohen's effect size).
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Table 2 summarizes Pearson's and Spearman's correlation results for the complete sample. We observed a positive correlation between the OCI-R and PSS-10 scores. Within the OCD group, we found a positive correlation between the OCI-R and PSS-10 scores (Supplementary Table 1). For the control group, we did not detect significant correlations after correcting for multiple comparisons (Supplementary Table 2). However, the correlation between the OCI-R and PSS-10 scores was also statistically significant in the control groups with the uncorrected p-value (Supplementary Table 2).


Table 2. Results of Pearson's (rp; normally distributed variables) and Spearman's (rs; variables not normally distributed) correlation among demographic and psychometric variables for the complete sample (pbonf - p-value after Bonferroni correction; d—Cohen's effect size).
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The regression model for the ERQ reappraisal score yielded statistical significance [F(6, 56) = 3.53; p = 0.005; R2 = 0.27]. The ERQ reappraisal score was significantly predicted by gender (beta ± standard error = 6.18 ± 2.49; t = 2.48, p = 0.016, standardized beta = 0.33; effect size d = 0.81), the ERQ suppression score (0.76 ± 0.22; t = 3.47, p = 0.001, 0.44; d = 1.14), and the PSS-10 score (−0.42 ± 0.17; t = −2.40, p = 0.020,−0.38; d = −0.96). The regression model for the ERQ suppression score was also statistically significant [F(6, 56) = 4.94; p = 4.000 × 10−4; R2 = 0.35]. The ERQ suppression score was significantly predicted by gender (−4.93 ± 1.30; t = −3.78, p = 4.000 × 10−4, −0.45; d = −1.14), the ERQ reappraisal score (0.23 ± 0.07; t = 3.47, p = 0.001, 0.40; d = 1.01), and the PSS-10 score (0.24 ± 0.10; t = 2.56, p = 0.013, 0.38; d = 0.96). Figure 1 represents the results of both regression models. In conclusion, increased values of ERQ reappraisal were associated with higher ERQ suppression scores. Female participants had higher values in ERQ reappraisal and lower values in ERQ suppression. Elevated values of PSS-10 corresponded to increased scores in ERQ suppression and decreased ERQ reappraisal scores.


[image: Figure 1]
FIGURE 1. Representation of the estimates and standard error of the predictors for the multiple regression analyses for the ERQ reappraisal and ERQ suppression scores including the total sample. Gender is encoded as male−0 and female−1; ERQ, Emotion Regulation Questionnaire; PSS-10, Perceived Stress Scale (10 items); OCI-R, Obsessive-Compulsive Inventory-Revised; d—Cohen's effect size; *Statistically significant effects.


For the mediation analysis, the direct effect of OCI-R on ERQ reappraisal (beta ± standard error = −0.06 ± 0.09, p = 0.502; d = −0.17) and suppression (−0.06 ± 0.05, p = 0.217; d = −0.31) was not statistically significant. Moreover, the indirect effect of OCI-R on ERQ reappraisal (−0.09 ± 0.06, p = 0.116; d = −0.40) and suppression (0.06 ± 0.03, p = 0.075; d = 0.46) when mediated by PSS-10 was also not statistically significant. Nonetheless, the total effect (combination of direct and indirect effects) was statistically significant for the ERQ reappraisal (−0.16 ± 0.08, p = 0.036; d = −0.54) but not for the ERQ suppression score (-4.00 × 10−3 ± 0.04, p = 0.916; d = −0.03). Moreover, the ERQ reappraisal and suppression score had a statistically significant association (16.95 ± 5.55, p = 0.002; d = 0.83) (57). Figure 2 represents the mediation analysis results. In conclusion, the ERQ reappraisal score is explained by the direct effect of the OCI-R score combined with the OCI-R effect mediated by the PSS-10 score. Moreover, the ERQ reappraisal and suppression score influence each other.


[image: Figure 2]
FIGURE 2. Representation of the mediation analysis results. The values represent the estimates. ERQ, Emotion Regulation Questionnaire; PSS-10, Perceived Stress Scale (10 items); OCI-R, Obsessive-Compulsive Inventory-Revised; *Statistically significant effects.




DISCUSSION

In this study, we evaluated if stress and OC symptoms have a negative effect on emotion regulation measures in a sample composed of OCD and healthy participants. Our main results demonstrated that suppression and reappraisal abilities are predicted by gender and stress levels but not by OC symptoms. Moreover, we observed that the reappraisal score results from a combination of a direct effect of OC symptoms and an indirect effect of OC symptoms mediated by stress levels.

First, our results showed that OCD patients had reduced reappraisal scores in line with past findings (21–26). However, in contrast with these findings, we did not observe an augmented use of suppression in the OCD group. Most of the patients were under pharmacological treatment. Thus, they might have reduced the use of suppression to attenuate the emotional impact of obsessions and distress. However, the median Y-BOCS score indicates severe to extreme OC symptomatology despite the treatment. Moreover, some authors did not find increased suppression scores (21, 24, 26) even in OCD patients without medication. In this way, other factors may affect the suppression score in OCD individuals. On the other hand, the control participants included in this study may regularly use suppression strategies given the higher difficulty and cognitive cost in using reappraisal for emotion regulation (59–61). In agreement with this, we found that higher emotion reappraisal abilities were predicted by increased suppression scores and vice versa. Furthermore, there was a positive influence between reappraisal and suppression scores in the mediation analysis. Thus, our results might indicate that effective emotion regulation depends on the use of both strategies. Indeed, past findings showed that the frequent practice of reappraisal is not linked to reduced use of suppression strategies (62). Additionally, studies exploring the spontaneous use of emotion regulation strategies showed that reappraisal is not applied more often than suppression (63).

We also found augmented levels of perceived stress in the OCD group supporting the interplay between OCD and stress (1, 10, 14, 64). This outcome was further reinforced by a strong positive correlation between stress and OC scores in the total sample and the OCD group.

Both the suppression and reappraisal scores were predicted by gender and stress levels but not by the OC score. Moreover, the reappraisal score resulted from a combination of a direct effect of OC symptoms and an indirect effect of these symptoms mediated by perceived stress levels. Past researchers also reported that women express more their emotions and have more practice at successfully regulating them (29, 65), while men are culturally shaped to suppress some type of emotions (e.g., sadness and fear) (66). Thus, males might have more difficulties in identifying, accepting, and regulating emotions. Moreover, women use suppression strategies less frequently than men (67). Consistent with our findings, previous researchers also found that maladaptive strategies (suppression and rumination) and reappraisal were positively and negatively associated with stress symptoms, respectively (62, 68). Also, individuals under stressful conditions are more predisposed to the effects of negative emotional stimuli (69–71), and are ineffective in distracting themselves (69, 72) or reappraising their emotions (71, 73) when exposed to affective stimuli. Moreover, stress leads to the engagement of maladaptive strategies such as worry and rumination (33). Thus, individuals under stress may be more prone to use suppressing strategies. These findings may result from stress-induced impairment of cognitive processes (e.g., cognitive flexibility and inhibitory and goal-directed behavior) due to the disruption of prefrontal function (74). Thus, stress might inhibit the prefrontal cortical activity hampering the modulation of limbic regions (e.g., amygdala) during emotion regulation (18, 70). Indeed, these brain regions are also implicated in emotion regulation processes (32, 75). In summary, OCD individuals have elevated stress symptoms that might weaken their ability to use emotion reappraisal strategies. Their cognitive resources are impaired by stress leading to an increased response to negative emotions (59). Instead of reappraisal, they may choose more effortless maladaptive strategies (e.g., suppression and compulsions) (61) to regulate their emotions, leading to a rebound effect on distress and anxiety levels (27, 28, 31, 68, 76).

Our findings are limited by the lack of control for anxiety and depression levels. Both OC and stress symptoms are associated with anxious and depressed mood (77). Yap et al. (78) found that OCD severity was not associated with emotion regulation deficits when controlling for anxiety and depression scores. Moreover, Moore et al. (62) found associations between the ERQ scores and anxiety and depression symptoms. Thus, anxiety and depression might have a significant impact on emotional regulation (79, 80). Our results might have also been affected by the fact that most of the OCD patients selected for this study were medicated and some were frequenting psychotherapy sessions. Moreover, our study has a cross-sectional design hampering the analysis of stress and OC symptoms variations on emotional regulation. Future studies with cognitive-behavioral therapy for OCD and stress management might provide further insights. Additionally, our sample had a higher proportion of female individuals. However, the main conclusions were controlled for gender ratio. Finally, our results need to be replicated with larger samples to increase the study power. Indeed, some of our findings did not show a large effect size (differences between OCD and control groups in the reappraisal score, and the total effect of OC symptoms in the reappraisal score in the mediation analysis).



CONCLUSION

This study provides a novel perspective of emotional regulation impairments in OCD. The reliance on suppression strategies and the difficulty in using reappraisal approaches are explained by stress levels and not directly explained by OC symptoms. Our conclusions support the inclusion of stress management in cognitive-behavioral therapy treatments to improve the processes of emotion regulation in OCD patients.
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Background: Previous studies have indicated that childhood maltreatment (CM) may potentially influence the clinical symptomatology of obsessive-compulsive disorder (OCD). Here, we aimed to quantify the relationship between CM and obsessive-compulsive symptoms (OCS) and depressive symptoms in OCD through a meta-analysis.

Method: We searched PubMed, Embase, Cochrane Library, and PsycARTICLES databases for articles reporting the association between CM and OCD on April 15, 2020. Random-effect models were used to quantify the relationship between CM and the severity of OCS and depressive symptoms in OCD.

Results: Ten records with 1,611 OCD patients were included in the meta-analysis. The results revealed that CM is positively correlated with the severity of OCS [r = 0.10, 95%Confidence Interval (CI): 0.01–0.19, P = 0.04] as well as depressive symptoms in OCD (r = 0.15, 95%CI: 0.07–0.24, P = 0.0002). For the subtypes of CM, childhood emotional abuse (CEA) and childhood sexual abuse (CSA) was related with the severity of OCS (r = 0.11, 95%CI: 0.03–0.19, P = 0.009) and obsession (r = 0.13, 95%CI: 0.03–0.23, P = 0.01), respectively.

Conclusion: Our meta-analysis indicates that OCD patients who suffered more CM may exhibit more severe OCS and depressive symptoms.

Keywords: OCD, childhood maltreatment, meta-analysis, association, clinical symptomatology


INTRODUCTION

Obsessive-compulsive disorder (OCD) is an impairing, chronic mental disorder characterized by obsessions or compulsions. Obsessions often refer to recurrent, intrusive, and contradictory thoughts or impulsive intentions. Compulsions mostly consist of repetitive, ritual, or pathological behaviors, thereby reducing anxiety and depression caused by the obsessions. OCD exerts significant social and occupational impairment to the sufferers (1, 2). Moreover, about 55% of OCD patients have psychiatric comorbidities (3, 4). According to the World Health Organization (WHO) (5), OCD ranks among the top 10 disabling diseases. In China, the lifetime and 12-months prevalence of OCD in China are as high as 2.4 and 1.6%, respectively (6), resulting in a significant burden to the Chinese population.

Childhood maltreatment (CM) refers to the abuse and neglect suffered by individuals younger than 18 years. There are five types of CM: childhood physical abuse (CPA), childhood emotional abuse (CEA), childhood sexual abuse (CSA), childhood physical neglect (CPN), and childhood emotional neglect (CEN) (7). It is proposed that maltreatment in childhood may be associated with an increased risk of developing psychiatric disorders (such as OCD) in later life (8, 9). Besides, considerable studies have reported that OCD patients report significantly more CM when compared with matched healthy controls (HCs) (10–15). Notably, there are several studies based on population or clinical sample claiming that CM is associated with the severity of obsessions or compulsions in OCD (15–17).

As is well-known, studies of comorbidity in OCD have reported that OCD sufferers are often accompanied by a high level of depressive symptoms (2–4, 18). A clinical study that enrolled 160 patients diagnosed with OCD found a higher depressive level in the childhood trauma (CT)-exposed group than non-CT exposed group (19). Moreover, empirical studies have pointed out the unique relationship between the CM and the severity of depressive symptoms in OCD (19, 20).

Despite the above intriguing findings, there are also inconsistent results. For instance, a clinical study investigating the association between CM and obsessive-compulsive symptoms (OCS) severity has revealed a non-significant effect of CM on OCS (21). Subsequently, another cross-sectional study based on Netherlands Obsessive Compulsive Disorder Association (NOCDA) was in agreement with the above conclusion (22). Meanwhile, the results of studies in 67 patients with OCD showed no significant difference in the severity of depressive symptoms between two groups: patients who have experienced ACE and those who do not (23).

Since the specific relationship between CM and symptoms of OCD is poorly understood, we performed the meta-analysis to quantify the magnitude and significance of correlations between CM and OCS severity in patients with OCD and quantitatively summarize the association of CM and the severity of depressive symptoms in OCD patients.



METHODS


Search Strategy and Selection Criteria

We searched PubMed, Embase, Cochrane Library, and PsycARTICLES databases for the articles exploring the association of CM with the severity of OCS and depressive symptoms in OCD. The references of relevant studies were subject to hand searching. The search was conducted on April 15, 2020 by the following search terms: “child* abuse,” “child* neglect,” “child* maltreatment,” “child* adversity,” “child* trauma,” “sexual abuse,” “physical abuse,” “emotional abuse,” “physical neglect,” “emotional neglect,” “early experience,” “early interpersonal trauma,” “early abuse,” “early maltreatment,” and “early neglect” for CM, combined with “Obsessive-compulsive disorder,” “Obsessive-compulsive disorder,” “Obsessive-compulsive neurosis,” and “OCD” for OCD. This study was prospectively registered at https://www.crd.york.ac.uk/prospero~(CRD42020179565).

We identified articles satisfying the following criteria: (1) studies quantitatively assessed CM history, OCS severity, as well as the severity of depressive symptoms in OCD. CM should be defined as the exposure to CPA, CEA, CSA, CPN, and CEN before 18 years old; (2) studies quantitatively assessed the relationship between CM and OCS or depressive symptoms, either by correlation analysis or by t-test of the difference between those with CM and those without CM; (3) studies should be published in English. Studies were excluded if they were: (1) qualitative studies, such as case reports and reviews; (2) studies with no available data for data synthesis.



Data Extraction

Information was extracted by two independent reviewers (ZL and QZ) and imported into an excel worksheet (Excel for MacOS, 2016). Inconsistencies were settled by consensus meetings. The following information was obtained from eligible studies: (1) sample characteristics: age, sample size, diagnostic criteria; (2) study characteristics: study design, CM measurement, and CM types, measurement of OCS or depressive symptoms in OCD; (3) primary outcome: the correlation coefficient between CM and OCS and depressive symptoms in OCD patients, or the standardized mean difference in OCS or depressive symptoms between those with CM and those without CM. Besides, authors were contacted if any important information is missing or incomplete.



Quality Assessment

The quality of case-control studies was examined by the Newcastle Ottawa Scale (NOS), which was recommended by the Cochrane Collaboration (24). Studies coring ≥7 were considered high-quality studies, while studies coring <7 were considered low-quality studies (25). The quality of cross-sectional studies was assessed by an 11-item checklist, which was approved by the Agency for Healthcare Research and Quality (AHRQ) (26). Studies scoring 0–3, 4–7, and 8–11 were interpreted as low, moderate, and high quality, respectively (27).



Data Synthesis and Analysis

Extracted data were uniformly converted to Pearson correlation coefficients (rp) for data synthesis. In articles where Spearman correlation coefficients (rs) were reported, the rss was converted to rps using the formula rp = 2sin(rs[image: image]) (28, 29). Similarly, in articles where continuous data [mean or standard deviations (SDs)] was reported, the means and SDs were transformed in rps using the following methods. Firstly, the standardized mean difference (SMD) was calculated by the mean difference in OCS between the maltreated and non-maltreated OCD groups divided by the pooled SD. Then, the SMDs were transformed to rps according to the formula r = [image: image] (A refers to values related to sample size) provided by Cooper and Hedges (30).

The analytical work was conducted by Review Manager (version 5.3 for MacOS) and Excel 2016. Firstly, all of the rps were converted to Fisher's Z for normalization. Then, the summary effect sizes and confidence intervals were calculated using the value of Fisher's Z and its standard error (SE). Finally, we converted the above values back to rp for interpretation. The transformation formula between rp and Fisher's Z was presented as follows: (1) Fisher's Z = 0.5 × [image: image]; (2) Vz = [image: image] (the variance of Z); (3) SE = [image: image]; (4) summary r[image: image](z refers to summary Fisher's Z) (30). According to Cohen's guidelines (31), a rp 0.1–0.3, 0.3–0.5, and ≥0.5 suggests a small, medium, and large correlation coefficient, respectively.

Considering the substantial variation in the study design of included studies, random-effect models were selected for data synthesis. Heterogeneity across the studies was evaluated by the chi-square and I-square statistics. P < 0.1 in the chi-square statistic indicates significant heterogeneity across the studies (32). The I2 statistics reflect the percentage of total variation across studies due to heterogeneity rather than sampling error, with the values of 25, 50, and 75% indicating low, moderate, and high heterogeneity (33). Subgroup analyses were performed to identify the potential factors, such as sample size and assessment tools for CM, which may influence the association between the CM and the clinical symptoms of OCD. Similarly, sensitivity analyses were conducted to identify the relative effects of individual studies on the pooled effect size by sequentially removing one study and reanalyzing the remaining datasets. Finally, funnel plots were adopted to assess publication bias. Significance was set as a two-tailed P < 0.05 for all of the analyses.




RESULTS


Literature Search and Screening

The initial search retrieved 759 records with 118 duplicates. Five hundred and ninety-six records were excluded in the title and abstract screening step. Thirty-five records were further excluded in the full-text screening step. Finally, ten records with 1,611 OCD patients were included in the meta-analyses. The process of the literature search and screening is presented in Figure 1.


[image: Figure 1]
FIGURE 1. Study selection procedure.




Characteristics of the Included Studies

All of the ten included studies (19–21, 23, 34–39) employed a cross-sectional design except for Wang et al. (39) and Bey et al. (20), which employed a case-control design. All studies used the Yale Brown Obsessive Compulsive Scale (YBOCS) to evaluate the severity of the OCS in OCD patients. Seven studies used the Childhood Trauma Questionnaire (CTQ) to assess the severity of CM. The other three studies [Benedetti et al. (37), Semiz et al. (34), and Wang et al. (39)] used the Risky Families Questionnaire (RFQ), Traumatic Experiences Checklist (TEC), Early Trauma Inventory Self Report-Short Form (ETISR-SF), respectively for the assessment of CM. The quality of the included studies is low to moderate, ranging from 2 to 7 in AHRQ or NOS. The main characteristics and quality assessment of the included studies are described in Table 1.


Table 1. Characteristics of included studies.
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Relationship Between CM and Severity of OCS and Depressive Symptoms

The relationship between CM and severity of OCS in OCD was reported in seven records with 943 participants. Random-effect models showed that CM has a weak but significant correlation with the severity of OCS (summary Fisher's Z = 0.10, 95%CI: 0.01–0.19, rp = 0.10, P = 0.04) (Figure 2). The correlation was weak. There was moderate heterogeneity across the included studies (x2 = 10.84, I2 = 45%, P = 0.09). The associated Funnel Plot was approximately symmetrical, suggesting that the possibility of publication bias is low (Supplementary Material).
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FIGURE 2. Correlation between CM and total severity of OCS.


The relationship between CM and severity of depressive symptoms was tested using five records, with 597 participants. Random-effect models showed that CM positively correlates with the severity of depressive symptoms (summary Fisher's Z: 0.15, 95%CI: 0.07–0.24, rp = 0.15, P = 0.0002) (Figure 3). Heterogeneity across studies was low (x2 = 2.99, I2 = 0%, P = 0.56), indicating that the result was relatively stable. The associated Funnel Plot was approximately symmetrical (Supplementary Material).
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FIGURE 3. Correlation between CM and severity of depressive symptoms in OCD.




Relationship Between CM Subtypes and Severity of OCS

The results of the relationship between CM subtypes and OCS severity were summarized in Table 2. For the severity of OCS, random-effect models revealed a positive relationship between CEA and the total OCS severity (summary Fisher's Z: 0.11, 95%CI: 0.03–0.19, rp = 0.11, P = 0.009), with moderate heterogeneity across the included studies. No significant correlation was found between CPA, CSA, CPN, and OCS severity. For OCS dimensions (including the obsession and compulsion), random-effect models showed that SA correlates with obsession (summary Fisher's Z: 0.13, 95%CI: 0.03–0.23, P = 0.01), while CPA, CEA, and CEN did not correlate to obsession and compulsion. The forest plots of the above meta-analyses were presented in Supplementary Material.


Table 2. The association between the subtype of CM and OCS severity.
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Subgroup and Sensitivity Analyses

Subgroup analyses showed that the variation in CM measurement did not associate with a change in effect size across the meta-analysis. However, a strong association was observed in a relatively larger sample size group than the smaller sample size group. The results are shown in Appendix in Supplementary Material.

Sensitivity analyses revealed that the total heterogeneity of the meta-analysis was reduced when removing the study of Semiz et al. (34) or Coban et al. (36), with the I2 reduced to 0 and 37%, respectively.




DISCUSSION

To the best of our knowledge, this is the first meta-analysis investigating the association between CM and the clinical symptomatology of OCD. Our results revealed that CM positively correlates with the severity of OCS as well as depressive symptoms. Specifically, CEA is correlated with the severity of OCS, and CSA is correlated with obsession. Our findings highlight the significance of CM's role in the symptomatology in OCD.

In line with a growing body of studies, our findings showed that CM was closely related to OCS severity in OCD patients (17, 28, 40). As we well-known, early childhood experience has a profound effect on suffers that results in psychosocial, emotional, and cognitive dysfunction, and the latter correlates with the development of psychiatric disorders or aggravates its underlying vulnerabilities (41). Specifically, current cognitive models for OCD proposed that maladaptive beliefs initially formed as adaptive coping methods with the early childhood experience may later gain obsessive characteristics and finally turn into psychopathology (42). Namely, early childhood experience could induce the emergence of intrusive and unwanted thoughts, which eventually developed into clinical obsessions and compulsions. Moreover, it is well-established that early traumatic events could also increase the frequency and impact content of intrusive thoughts (43). Additionally, two studies conducted by Briggs et al. (16) and Kroska et al. (44) have described that individuals who have experience of CM appear to adopt negative coping styles, which had been proved to function as a mediator in the association between CM and OCS severity in OCD patients. A maladaptive coping strategy, typically defined as an attempt to withdraw when facing the stressor or a belief of inability to deal with the situation, was proved to bring about more severe distress and intensify the severity of OCS (45).

Importantly, our results show that CEA and CSA are positively related to OCS compared to the other subtypes of CM, which also stand in line with the previous epidemiological (46–48) and clinical studies (14, 39, 49). On the one hand, it seems that CSA may have the most damaging psychological impact on a significant proportion of victims after experiencing early traumatic events (50). The CSA victims may experience sustainable disgust beyond the peritraumatic period, so the victims may be mentally disturbed by the sustainable reminder of the abused experience, which was significantly related to OCS (51, 52). The notion was confirmed by two population-based studies, which revealed that CSA correlates with a wide range of psychiatric disorders (such as OCD) in adulthood (47, 53). On the other hand, it is hypothesized that comparing with the other types of CM, CEA may modulate the cognitive style deleteriously. In other words, individuals who have been subject to CEA may tend to develop a negative cognitive style (54), which may link to the later development of OCD. Finally, studies found that the individuals who have the history of early traumatic experience (particularly CEA and CSA) appear to display maladaptive coping strategies that have reported to act as a mediator in the relationship between CM and OCS (44). An emerging study exploring the effects of CM and coping styles on OCS in patients with psychotic disorders has revealed that patients with OCS report more common CEA and CSA than those without OCS. The study further found that patients who have experienced CEA and CSA show a higher preference to adopt negative and avoidant coping styles (55).

In our study, we demonstrated that CM is related to the severity of depressive symptoms in OCD patients. The finding is also consistent with previous studies. Recently, childhood may be described as a critical period for emotional development, since self-emotional regulation develops rapidly in this period (56). Hence, emotion regulation is more likely to subject to several environmental factors (57). Early traumatic experience, one of the acquired environmental factors, has been reported to be associated with emotional dysregulation, which might precipitate the occurrence of affective symptoms (56). For instance, meta-analytic findings found that individuals exposed to CM exhibit more severe depressive symptoms than non-maltreatment controls (58, 59). Other than the environmental factors mentioned, gene-environment interaction also plays a critical role. Studies have implied that the progranulin (PGRN), an element expressed in microglia and neurons that regulates inflammation, is associated with mood regulation in OCD patients (60). Furthermore, updated evidence comes from a study on the Chinese OCD cohort that has proved that the interaction between early traumatic experience and the PGRN gene in the hypothalamus might play an essential role in promoting depressive symptoms in OCD patients (39).

Finally, we did the sensitivity analysis of the association between CM and OCS severity in OCD. The total heterogeneity has reduced significantly by removing the Semiz et al. study and the Coban et al. study (36) in turn. Two reasons may be responsible for these findings: firstly, the OCD sample enrolled in Semiz et al. (34) includes a part of treatment-resistant patients, so the relationship between CM and OCS severity may be influenced by treatment outcomes of the OCD patients. Secondly, the impact of CM on OCS severity was indirect in the Coban et al. study (36), which was found to be influenced by confounding factors, such as comorbidity.



LIMITATIONS

Some limitations should be considered when interpreting our findings. Firstly, since CM was retrospectively assessed by self-report questionnaires in most of the included studies, it is possible that the results may be subject to recall bias, leading to an overestimation or underestimation of the relationship between CM and OCS and depression severity. Secondly, there was substantial heterogeneity in the meta-analysis for the association between the subtypes of CM and OCS severity; however, the source of heterogeneity across the studies cannot be further explored since the number of included studies is relatively low. Thus, the results should be interpreted with caution. Thirdly, we merely included English papers, it is possible that the exclusion of Non-English papers may lead to incomplete inclusion of literature, and the results may be subject to selection bias. Fourthly, the association between CM and OCD severity may be susceptible to many confounders, such as the genetic variation and gene-environment interaction. We are unable to assess the effect of these confounders on the results in our study. Finally, as our meta-analysis is mostly based on cross-sectional data, we are unable to make a causal reference about the relationship between CM and OCD symptomatology, which should be settled by future longitudinal cohort studies.



CONCLUSIONS

This study quantitatively summarized the current evidence about the relationship between CM and clinical symptomatology in OCD. Our findings revealed a close relationship between CM (especially CEA and CSA) and the clinical symptomatology (OCS and depressive symptoms) of OCD. The influence of CM on the clinical symptoms of OCD is small but significant, indicating that we need calls more attention to CM in the assessment and management of OCD. Specifically, the assessment of CM may help predict the outcome of OCD and psychotherapies involving CM intervention may help alleviate OCD symptoms. Nevertheless, we cannot draw a direct causal relationship, given that the most included studies analyzed in our studies are cross-sectional. Hence, future studies are necessary to incorporate prospective or cohort studies to assess the possible causality and temporal relationship between CM and its subtypes and the unfavorable outcomes of OCD. Moreover, the mechanisms mediating the effect of CM and OCD development and symptomatology remain unclear, requiring further investigation.
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Sexual arousal is often impaired in patients with obsessive–compulsive disorder (OCD). However, little is known about the factors related to this impairment: no study focused on the role of gender-based effects of attachment styles and contamination symptoms. The Dual Control Model assumes three processes driving sexual arousal: sexual excitation (SE), sexual inhibition (SI) due to threat of performance failure, and SI due to threat of performance consequences (e.g., getting contaminated with sexually transmitted diseases). In a group of OCD patients, we hypothesized that (a) women report lower SE and higher SI than men; (b) patients with insecure (both anxious and avoidant) attachment styles show lower SE and higher SI; (c) attachment styles moderate the relation between gender and sexual arousal (respectively, for women, higher attachment anxiety, and for men higher attachment avoidance were related to impaired sexual arousal (higher SE and SI) controlling for OCD severity); and (d) contamination symptoms moderate the relation between gender and sexual impairment (women with contamination symptoms show impaired sexual arousal). Seventy-two OCD patients (37.50% women) completed the Obsessive–Compulsive Inventory-Revised, Attachment Styles Questionnaire and Sexual Inhibition/Sexual Excitation Scales. In contrast with our hypotheses, women reported higher SE and lower SI due to threat of performance consequences than men. Patients with higher attachment avoidance (discomfort with intimacy) but also confidence in self and others had higher SE. Women with attachment avoidance (i.e., discomfort with intimacy) had lower SE, while women with attachment anxiety (i.e., preoccupations with relationships) had higher SI due to negative performance consequences. Women with contamination symptoms had higher SI due to performance failure but lower SI due to performance consequences. The present preliminary findings suggest that sexual arousal impairment should be evaluated during the assessment of OCD patients, and gender-based effects of attachment styles and contamination symptoms should be considered during personalized treatment planning.
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INTRODUCTION


Sexual Arousal in Obsessive–Compulsive Disorder: The Role of Gender According to the Dual Control Model

Obsessive–compulsive disorder (OCD) is a psychiatric condition characterized by obsessions and compulsions that cause significant distress and disability in various aspects of quality of life (1, 2). Therefore, it is not surprising that sexual functioning, significantly contributing to quality of life, may be altered in this clinical population, since this type of patients more frequently present sexual dysfunctions such as less sexual desire and arousal, and orgasmic difficulties than people of the general population (3–5). Some data showed that patients with OCD report more frequent and more intense sexual dysfunctions even than other clinical groups such as patients with anxiety disorders (6).

Indeed, impaired sexual functioning in OCD patients may be influenced by serotonergic antidepressant medication, commonly prescribed at high dosages as the first-line psychopharmacological intervention, which can induce some sexual dysfunctions both in men and women (7). However, not all data supported this evidence, and some papers suggested that OCD patients may have sexual dysfunctions independently of serotonergic medications (8). Data from meta-analyses and from empirical studies indicated that the female gender would be related to a worse intimate and interpersonal quality of life (9) and more frequent sexual dysfunctions than the male gender (10, 11).

The Dual Control Model (DCM) (12) highlights the psychological processes related to impairment in sexual functioning. In agreement with this theoretical framework, a healthy sexual arousal relies on a balanced relation between sexual excitation (SE) and sexual inhibition (SI), that is to say, high and low levels of excitation and inhibition, respectively. Three psychological processes driving sexual arousal are hypothesized: (a) the level of SE, (b) the level of SI due to threat of performance failure, and (c) the level of SI due to threat of performance consequences (e.g., getting contaminated with sexually transmitted diseases). Similar to a gas pedal, SE influences how easily the individual becomes aroused by internal (e.g., fantasies) or external cues (e.g., a sexually attractive partner). SI, conceptualized as a brake pedal, reduces sexual arousal, and discourages sexual behavior when the context is inappropriate, or the pursuit of sexual activities poses a threat to the person (13). According to this model (12, 13), too low or too high levels of SE and/or SI may be associated with an unbalanced sexual response, thus in an impairment in sexual life.

The DCM considers that sexual functioning is influenced by individual factors, one of which is gender (12). High levels of SI due to threat of performance failure were indicative of erectile dysfunction in community samples of men, even though they tended to manifest high levels of SE, while women were less aroused and more sexually inhibited (12). Recent studies in community samples showed that women are more likely to experience a lower and a higher propensity toward, respectively, excitation and inhibition than men (14–21). While the DCM has been extensively used in studying the individual features associated with SE and SI processes in community samples, little is known about the individual features associated with sexual arousal processes in OCD patients based on this theoretical framework.



The Potential Role of Attachment Styles in Sexual Arousal of Obsessive–compulsive Disorder Patients

Attachment style is the emotional bond developed between infant and caregiver ensuring safety and protection (22, 23). As stated by Hazan and Shaver (24), three following specific patterns would be typical of adult attachment: secure, avoidant, and anxious/ambivalent. On the basis of this model, Bartholomew and Horowitz (25) identified four typical adult attachment styles: secure, preoccupied, fearful-avoidant, and dismissive-avoidant. In sexual relationships, adults manifest the previously developed attachment needs, directing them toward romantic partners and resulting in a specific sexual behavior (26).

Feeney et al. (27) proposed a different theoretical model hypothesizing that attachment is not a categorical construct (i.e., different styles may not be mutually exclusive in the same person) and proposed a dimensional model including five attachment styles: discomfort with closeness, relationships as secondary (e.g., to achievement), need for approval, preoccupation with relationships, and confidence (in self and others). These styles can be understood using the concepts of avoidance and anxiety: discomfort with closeness and relationships as secondary reflect attachment avoidance; need for approval, preoccupation with relationships, and low confidence reflect attachment anxiety (27). The authors developed a self-report measure, the Attachment Style Questionnaire (27), which assesses the five attachment styles as they were introduced by the model.

Generally, secure individuals engage in healthy sexual relationships (22, 26–29). In individuals with attachment anxiety, constant fear of separation can lead to SI (30, 31). In individuals with attachment avoidance, SI may be a consequence of their tendency to maintain sex distinct from the emotional aspects of the relationship (32–37). Research investigating gender differences in attachment styles demonstrated that women report higher levels of attachment anxiety, while men report higher levels of attachment avoidance (35–39).

Attachment style is another aspect that might influence behaviors in intimate relationships of OCD patients since in this clinical population attachment insecurities can often be observed (40–43). Insecure attachment, specifically anxious and avoidant, is typically associated with OCD (40–47). According to a recent meta-analysis, both attachment anxiety and attachment avoidance were associated with OCD (48).



Contamination Symptoms and Sexual Arousal of Obsessive–compulsive Disorder Patients

Another clinical feature that might moderate the relation between OCD and sexual impairment is the type of obsessions and compulsions. Overall, OCD is a heterogeneous condition that can include different symptom dimensions (49–51). Previous evidence showed that contamination symptoms represent one of the dimensions most strongly related to impaired quality of life (52–54). In a first study on women, none of the symptom dimensions including contamination, moral (aggressive, sexual, and religious), somatic, and symmetry obsessions were found to be related to sexual pleasure and functioning (4). Contamination symptoms might have a severe impact on sexual life specifically, since they typically involve the fear of body contact and the fear of getting sexually transmitted diseases and genital fluids (55). The effect of contamination symptoms on sexual life might vary across gender. Indeed, the majority of studies including recent systematic reviews show that contamination symptoms are generally more frequent among women than men (56–58).



Rationale and Hypotheses

Little is known about the factors related to sexual arousal impairment among OCD patients: specifically, no study focused on the role of gender. Therefore, the present study aimed to explore the role of gender on sexual arousal processes in patients with OCD (i.e., propensity for SE and SI according to the DCM) and to investigate whether attachment styles and contamination symptoms moderate the relationship between gender and propensity for SE and SI. Based on the literature data about gender differences in attachment styles, contamination symptoms and sexual arousal processes [e.g., (35–39, 55–58)], we hypothesized that (a) female patients report lower SE and higher SI than male ones; (b) OCD patients with more anxious and avoidant attachment styles show lower SE and higher SI; (c) attachment styles moderate the relation between gender and sexual response after controlling for general OCD severity, i.e., respectively, for female patients higher attachment anxiety and for male patients, higher attachment avoidance are related to impaired sexual response (lower SE and higher SI); and (d) contamination symptoms moderate the relation between gender and sexual response, i.e., for female patients, the presence of contamination symptoms is related to impaired sexual response (lower SE and higher SI).




METHODS


Participants

Inclusion criteria were (i) primary current diagnosis of OCD established by a psychiatrist or psychologist through the Structured Clinical Interview for DSM-IV-TR Axis I Disorders (SCID-I) (59), (ii) age between 18 and 65 years, and (iii) provision of signed informed consent. Exclusion criteria were (i) psychotic disorders, (ii) bipolar disorders, (iii) mental retardation, (iv) neurological disorders, (v) active suicidal ideation, and (vi) drug dependence/abuse. The use of serotonergic medications was not considered an exclusion criterion, since it is commonly used as a first-line treatment in OCD patients (60, 61). All participants were recruited through mental health specialists in public or private centers, and their diagnosis of OCD was made through the SCID-I, and it was confirmed through the Yale-Brown Obsessive–Compulsive Scale (Y-BOCS) (62).

Participation was voluntary and uncompensated. All the subjects were required to provide written informed consent to participate after receiving a full description of the aims and having the possibility to withdraw their consent at any time, without any consequences for their treatment. Materials containing personal information were kept on electronic supports protected by passwords. The research was carried out according to the Helsinki Declaration and approved by the institutional ethics committee.



Measures
 
Obsessive–Compulsive Inventory-Revised

The Obsessive–Compulsive Inventory-Revised (OCI-R) (63) consists of 18 items divided into six subscales: Checking, Washing, Obsessing, Mental Neutralizing, Ordering, and Hoarding. Each item is evaluated on a 5-point Likert scale (0 = Not at all, 4 = Extremely). The Italian version presented acceptable internal consistency (α > 0.70), and good test–retest reliability (Pearson's r > 0.70) (64). In the present study, internal consistency was good for all the subscales (range of Cronbach's alpha = 0.83–0.88). The presence of contamination symptoms was assessed by a score on the OCI-R Contamination/Washing subscale higher than the score equal to or higher than the 95th percentile in the normal distribution of the Italian validation of the scale (64) and confirmed through the Y-BOCS.



Attachment Style Questionnaire

The Attachment Style Questionnaire (ASQ) (27) includes 40 items measuring five attachment styles based on the models proposed by Hazan and Shaver (24) and Bartholomew and Horowitz (25): Confidence, Discomfort with Closeness, Relationships as Secondary, Need for Approval, and Preoccupation with Relationships. Each item is evaluated on a 6-point Likert scale (1 = Strongly disagree, 6 = Strongly agree). The Italian version showed an acceptable internal consistency (0.67 < α < 0.74) (65). In the present study, internal consistency was acceptable to good (range of Cronbach's alphas = 0.79–0.85).



Sexual Inhibition/Sexual Excitation Scales

The Sexual Inhibition/Sexual Excitation Scales (SIS/SES) (66) was developed to assess individual differences in the sexual response. The SIS/SES includes 45 items, divided into three factors: Sexual Excitation (SES; example item: “When I start fantasizing about sex, I quickly become sexually aroused”); Sexual Inhibition Due to Threat of Performance Failure (SIS1; example item: “Once I have an erection, I want to start intercourse right away before I lose my erection/Once I am sexually aroused, I want to start intercourse right away before I lose my arousal”), and Sexual Inhibition Due to Threat of Performance Consequences (SIS2; “If I realize there is a risk of catching a sexually transmitted, I am unlikely to stay sexually aroused”). These three scales are evaluated on a 4-point Likert scale (1 = Strongly Agree, 4 = Strongly Disagree), where lower scores indicate higher SE and SI (66). The Italian version presented acceptable to good psychometric properties (0.69 < α < 0.89; Pearson's r > 0.60) (67). In the present study, internal consistency was acceptable to good for all the scales (range of Cronbach's alphas = 0.76–0.82).




Statistical Analyses

Independent-group Student's t-tests were computed to investigate between-group differences regarding the intensity of OCD-related symptoms (OCI-R scores), attachment styles (ASQ scores), and levels of SE and SI (SIS/SES scores) as a function of gender. The Chi-squared test was carried out to explore the association between gender and the presence of contamination symptoms detected by a score on the OCI-R Contamination/Washing subscale higher than the score equal to or higher than the 95th percentile in the normal distribution of the Italian validation of the scale (64), later confirmed through the Y-BOCS administration.

Subsequently, two separate sets of three analyses of generalized linear models were carried out. The first set of three generalized linear models aimed to investigate the moderator role of attachment styles in the relation between gender and sexual arousal impairment controlling for general OCD severity (hypotheses A–C). Thus, in these three models, we included the predictive effects of gender, general intensity of OCD symptoms (OCI-R total scores), attachment styles (ASQ scores), and gender × ASQ scores interaction effects on SIS/SES scores. The second set of three generalized linear models aimed to explore the additional moderator effects of contamination symptoms in the relation between gender and sexual arousal impairment (hypothesis D). The statistical significance was set at p < 0.05. The analyses were conducted through the software SPSS version 23.00.




RESULTS


Sociodemographic and Clinical Characteristics

Seventy-two patients with OCD (mean age ±SD: 34.50 ± 10.39) were included in the study. Twenty-seven were women (37.50%) and 45 men (62.50%). Twenty-seven patients (37.50%) reported contamination symptoms. Sociodemographic and clinical characteristics are shown in Table 1.


Table 1. Socio-demographic and clinical characteristics (n = 72).
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Moderator Role of Attachment Styles in the Relation Between Gender and SE/SI (Hypotheses A–C)

A first series of comparisons performed by Student's t-tests between men and women showed no significant differences across gender on the SIS/SES scores, OCI-R Total, and ASQ scores [range of t(70) = −1.87–1.40, p = 0.16–0.94].

The results of the non-parametric tests suggested an association between gender and contamination symptoms: the number of women with contamination symptoms was significantly higher than the number of men [χ2(1) = 4.50, p = 0.034].

Subsequently, a first set of generalized linear models has been carried out to test hypotheses A–C. The results are displayed in Tables 2–4. The model for SE as outcome is depicted in Table 2. On the one hand, higher OCD severity measured by the OCI-R total scores was associated with lower SE (β = 0.012, p = 0.004). On the other hand, women reported higher SE than men (β = −3.240, p = 0.022). In addition, patients with higher scores on ASQ Confidence (β = −0.030, p = 0.044) and ASQ Discomfort with Closeness (β = −0.030, p = 0.024) reported higher SE.


Table 2. Generalized linear model of SES scores on gender, OCI-R, and ASQ scores (n = 72).

[image: Table 2]

There was an interaction effect between gender and ASQ Confidence scores and between gender and ASQ Discomfort with Closeness scores: women with higher ASQ Confidence scores (β = 0.057, p = 0.021) and those with higher ASQ Discomfort with Closeness scores (β = 0.051, p = 0.015) reported lower SE.

None of the predictors examined, i.e., gender, OCD severity, and attachment styles were significantly related to SI due to threat of performance failure as measured by the SIS1 scores (see Table 3 for the model of SI due to threat of performance failure as outcome).


Table 3. Generalized linear model of SIS1 scores on gender, OCI-R, and ASQ scores (n = 72).
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The model of SI due to threat of performance consequence as outcome is presented in Table 4. Higher ASQ Confidence (β = 0.046, p = 0.003) and ASQ Need for Approval scores (β = 0.051, p = 0.000) were associated with lower SI due to threat of performance consequences. In addition, an interaction effect was noted between gender and ASQ Confidence scores, and between gender and ASQ Need for Approval scores. Indeed, OCD female patients with higher ASQ Confidence scores (β = −0.070, p = 0.005) and higher ASQ Preoccupations with Relationships scores (β = −0.108, p = 0.000) resulted more threatened by potentially negative performance consequences.


Table 4. Generalized linear model of SIS2 scores on gender, OCI-R, and ASQ scores (n = 72).
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Moderator Role of Contamination Symptoms in the Relation Between Gender and SE/SI (Hypothesis D)

When the effects of contamination symptoms were added in the generalized linear model, the results (Table 5) showed again that women had higher SE than men (β = −3.336, p = 0.023). Patients with higher ASQ Discomfort with Closeness scores had higher SE (β = −0.032, p = 0.025). In addition, there was an interaction effect between gender and ASQ Confidence scores and between gender and ASQ Discomfort with Closeness scores: women with higher confidence (β = −0.057, p = 0.021) and those with higher discomfort with intimacy (β = −0.051, p = 0.015) reported higher SE. No effect was found for contamination symptoms or their interaction with gender. For SI due to threat of performance failure (Table 6), there was only an interaction effect between gender and contamination symptoms (β = −0.060, p = 0.30), suggesting that women with contamination symptoms had higher SI due to threat of performance failure. The other predictors were not significant in the model.


Table 5. Generalized linear model of SES scores on gender, contamination symptoms and ASQ scores (n = 72).
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Table 6. Generalized linear model of SIS1 scores on gender, contamination symptoms and ASQ scores (n = 72).
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For SI due to performance consequences (Table 7), women reported lower SI due to performance consequences than men (β = 3.527, p = 0.010). In addition, patients with higher ASQ Confidence (β = 0.044, p = 0.002), higher ASQ Need for Approval (β = 0.036, p = 0.010) reported lower SI due to performance consequences. Higher contamination symptoms were associated with higher SI due to performance consequences (β = −0.520, p = 0.002). There were interaction effects between gender and ASQ Confidence and between gender and ASQ Preoccupations with Relationships scores: women with higher levels on these attachment styles reported higher SI due to performance consequences. There was an interaction effect between gender and ASQ Relationships as Secondary scores: women with higher scores on this ASQ subscale had lower SI due to performance consequences (β = 0.059, p = 0.023).


Table 7. Generalized linear model of SIS2 scores on gender, contamination symptoms and ASQ scores (n = 72).
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Finally, there was an interaction effect between gender and contamination symptoms: women with contamination symptoms had lower SI due to performance consequences (β = 0.963, p = 0.001).



Comparisons on Sexual Arousal Between Patients With and Without Antidepressants

In order to examine whether those OCD patients who reported sexual arousal impairment were more likely to be on concurrent antidepressant medications, a series of Student's t-tests were performed. No significant differences in SIS/SES scores emerged between patients who were on antidepressants and those who were not. The scores between the two groups were not significantly different on the SES [t(70) = −0.77, p = 0.44], on the SIS1 [t(70) = −1.13, p = 0.26], and on the SES2 [t(70) = −1–03, p = 0.30].




DISCUSSION

Obsessive–compulsive disorder is a mental condition that is associated with significant impairment in different quality of life domains (2). One aspect that causes notable distress, but is underestimated and neglected by clinicians, is the impairment in sexual life. Little is known about the processes and factors related to impaired sexual arousal among this clinical population. This is the first study which investigated the role of attachment styles and contamination symptoms as moderators of the relationship between gender and sexual arousal processes amongst OCD patients according to the DCM.


Hypothesis A: Women Report Lower SE and Higher SI Than Men

A first analysis of our findings detected no significant differences between men and women on SE and SI. This result is in contrast with our hypothesis and extensive literature underlining significant gender differences in sexual behavior, with women showing a lower tendency to SE and a higher propensity toward SI than men (14).

Further analyses based on generalized linear models showed that, in contrast with the hypothesis, women had higher SE than men. Again, in contrast with the hypothesis, gender was not related to SI due to performance failure, but it was related to SI due to performance consequences. Specifically, women reported lower SI due to performance consequences when the effects of contamination symptoms were included in the model.

The fact that women had higher SE and lower SI due to performance consequences than men is unexpected because previous reviews and empirical studies found that female gender is related to a worse quality of life in various interpersonal/intimate domains (6) and to a higher tendency to SI (14–21). In addition, women with OCD were found to have more frequently sexual dysfunctions than men in previous studies [e.g., (4)]. An explanation of the result in the present study might be that men with OCD tend to have a more severe clinical picture than women including a higher number of comorbidities, an earlier onset of OCD symptoms, a more chronic course of the disorder, and greater social impairment and more severe obsessions in some areas related to sexual life such as aggressive/sexual impulses (68). Indeed, the present results showed also that higher general OCD severity was related to lower SE, in accordance with literature data indicating that higher general severity of symptoms is associated with a lower quality of life and functioning in various domains (5, 69). It may be believed that the presence of more intense/distressing obsessions and more frequent/prolonged rituals would distract the individual from the contact with the present moment during sexual encounters and exposure to erotic stimuli (e.g., sexual fantasies). A patient with more severe general symptoms might be only focused on the reduction of negative emotions and might not be used to experience or recognize positive emotions.

Another potential explanation why women had higher SE than men might be related to gender differences in the attitudes toward mental health and help-seeking behaviors, with men generally having a delayed request of a psychiatric help which might compromise their quality of life in different life domains over time, then increase the risk of a more chronic course (70). However, due to the small sample size, we did not have enough power to explore the interaction effects between such clinical features such as general severity or the chronic course and gender. Therefore, these explanations remain speculative. However, the fact that women reported lower levels of SI due to performance consequences than men might be considered in line with the high levels of SI found as indicative of erectile dysfunction in community samples of men (12).



Hypothesis B: Attachment Anxiety/Avoidance Are Related to Lower SE and Higher SI

The results showed an association between higher confidence in self and others and higher discomfort with intimacy and higher SE. On the one hand, the association between higher confidence and higher SE is in line with our hypothesis and with literature data in community samples showing that secure individuals engage in healthy sexual relationships (22, 26–29). A higher level of SE might help the patient to focus her/his attention on the present moment, and it might be a motivational process driving OCD patients to seek intimacy as a way to satisfy their needs of attachment or reduce negative emotions (71).

On the other hand, the relation between higher discomfort with intimacy and higher SE is in contrast with our hypothesis and with literature data in community samples showing that in individuals with attachment insecurities constant fear of separation and attachment anxiety can lead to a reduction in the need for sexual pleasure (30–37). This unexpected result might be explained by the fact that the unpleasant emotions experienced toward intimacy and the tendency to avoid intimate relations might create a sort of rebound effect with an increase in SE due to the avoidance of sexual encounters and fantasies (72).

In line with our hypothesis, patients with higher confidence reported lower sexual inhibition due to threat of performance consequences thus supporting the notion that a secure attachment style might be a protective factor against sexual impairment. This outcome was confirmed also in the model considering the effects of contaminations symptoms. Indeed, this result was also in line with literature data reported in community samples indicating that individuals with a secure attachment have healthy sexual relationships (22, 26–29). Finally, patients with higher need for approval had lower SI due to performance consequences, in disagreement with the hypothesis. It might be speculated that attachment anxiety based upon approval seeking is characterized by the constant reliance on partner to fulfill safety needs. In the general population, this specific relationship pattern determines the use of intimacy as a mean to satisfy their desire for closeness (73), and this psychological mechanism might explain why patients with higher need for approval were paradoxically less inhibited.



Hypothesis C: For Women Higher Attachment Anxiety and for Men, Higher Attachment Avoidance Is Related to Lower SE and Higher SI

Female patients with higher confidence in self and others reported lower SE. This result was in contrast with our hypothesis and perhaps it suggests that a secure attachment style might be a protective factor of sexual life among men with OCD but not women. However, in line with our hypothesis, we also found that women with higher discomfort with intimacy reported lower SE. This finding appears consistent with previous research showing significant correlations between both attachment anxiety and attachment avoidance and poor sexual functioning (36, 74, 75). We might speculate that female patients with discomfort with intimacy would be more likely to avoid sexual stimuli and interactions, and this might decrease their levels of desire and interest in sexual encounters, that in turn might be related to a lower SE.

In addition, in line with our hypothesis, women with higher preoccupations for relationships reported higher SI due to performance consequences. This result seems to be in line with literature data in community samples suggesting that women would be more likely to have attachment anxiety than men, and this might compromise their sexual and relationship functioning (35–39). This might suggest that female OCD patients would experience an obsessive focus of their attention on the possibility of losing their partners and/or the need for appearing perfect in their partners' eyes, particularly during sexual interactions. This, in turn, might compromise their ability of freeing themselves to sexual emotions and sensations during sexual encounters, therefore determining sexual inhibition (30).

In addition, in contrast with our hypothesis, female patients with higher confidence had higher SI due to performance consequences. This was an unexpected and paradoxical result. An explanation might be that performance consequences such as the risk of getting contaminated during the sexual act become more important for women with OCD if they have less attachment insecurities since these women are less preoccupied with losing their partners, but they might be more preoccupied with symptoms of OCD during the sexual act. So, attachment insecurities might involve preoccupations regarding the relationship with the partner that paradoxically might distract the woman from the fear of getting contaminated during sexual encounters. However, we did not measure the level of importance perceived by the participants about the relationships and about the risk of getting contaminated; thus, this explanation needs for further support.

Finally, female patients with higher levels of confidence and preoccupations with relationships reported higher SI due to performance consequences, while women considering relationships as secondary had lower levels of SI due to performance consequences.



Hypothesis D: For Women, Contamination Symptoms Are Related to Lower SE and Higher SI

In line with the majority of the literature data from recent systematic reviews (49–51), women were more likely to report contamination symptoms than men.

In contrast with our expectations, contamination symptoms were not related to SE and they did not interact with gender. An explanation for this result might be that the level of SE is not closely related to physical contact per se but to broader aspects of sexual life such as sexual fantasies. Therefore, the presence of significant contamination symptoms might not have a relevant direct effect on this domain of sexual response.

In line with our hypothesis, women with contamination symptoms reported higher SI due to threat of performance failure. Despite these results are preliminary, they suggest that perhaps the presence of contamination symptoms in women might be associated with a stronger SI. Specifically, the presence of significant contamination symptoms in women might reinforce their preoccupation about a failure during the sexual act. Thus, considering this specific type of obsessions and compulsions seems to be useful to better understand the role of gender in sexual inhibition processes. Overall, the moderator role of contamination symptoms for women is in line with literature data in clinical samples showing that this subtype would be more specific to women (56–58) and that it would be a strong predictor of a worse quality of life (76).

In line with our hypothesis, contamination symptoms were associated with higher SI due to performance consequences thus suggesting that the fear for getting contaminated might be associated with a higher propensity for SI due to the possibility of getting contaminated with a sexually transmitted disease during the sexual act. Unexpectedly, women with contamination symptoms had lower levels of SI due to performance consequences. This result was in contrast with our hypothesis. We might speculate that perhaps the higher levels of social avoidance including intimate relationships, commonly observed in female patients with contamination symptoms (77), might lead them paradoxically to consider performance consequences of sexual encounters as less distressing than female patients with other symptoms but with less interpersonal avoidance. However, since we did not control for the effects of avoidance in our model, this explanation remains speculative and needs for further support.



Comparison Between Patients With and Without Antidepressants

We found no difference in the levels of SE and SI between patients who were on antidepressants and those who were not. This finding is in contrast with most of the literature data (6), indicating that this type of medication can significantly alter sexual functioning. The inclusion of patients on antidepressants should be considered a limitation of the study. Indeed, it may be speculated that this absence of differences might be related to some methodological aspects including the cross-sectional design, the relatively low statistical power, and the lack of control of the effects of potentially confounding variables associated with medications such as the duration of medication intake, dosages, and types of antidepressants.



Implications for Personalized Treatment OCD

The findings of the present pilot study suggest that the assessment of attachment styles and contamination symptoms should be integrated in a personalized management of OCD patients, particularly for those patients with sexual arousal impairment. Specific psychotherapeutic modules may be added to the standard psychotherapeutic treatment based upon exposure and response prevention (ERP) and/or cognitive restructuring. For example, schema therapy has been found to be a promising strategy to be delivered in combination with ERP for OCD (78). The aim of this type of psychotherapeutic approach is challenging the early maladaptive schemas developed through early adverse relational experiences during childhood, when one or more of basic psychological needs are not satisfied. Taking into account the present findings, we might hypothesize that the introduction of a treatment approach such as schema therapy aimed to target the attachment insecurities might be useful for those OCD patients with sexual impairment. In addition, the present findings point out the need for considering sexual life as a therapy target for OCD patients with contamination symptoms. For this subgroup of OCD patients, a personalized approach might include additional therapeutic ingredients, such as couple or sexual therapy modules.



Limitations and Future Directions

The cross-sectional design of the study did not allow us to draw firm conclusions about the relation between gender and sexual response. In addition, the moderator roles of attachment styles and contamination symptoms need to be supported by a longitudinal design. Despite attachment styles develop during childhood and adolescence, they may continue to be influenced by adult experiences. Contamination symptoms may wax and wane over time. Thus, both these clinical features might be affected by impaired sexual life. Future research should use longitudinal designs to explore prospectively the role of attachment styles and contamination symptoms on the development of sexual arousal impairment. In addition, the present data were collected in a period before the current pandemic situation. It would be interesting to explore whether sexual life among OCD patients has changed during the pandemic period since contamination symptoms in OCD have been found to be a risk factor for a relapse during the current pandemic (79, 80).

Another limitation concerns the imbalanced men to women ratio and the fact that an a-priori power analysis was not carried out to identify the number of men and women requested to detect significant differences and interaction effects. Due to the small sample size, it was not possible to explore the role of gender on sexual arousal separately in subgroups with other obsessions than contamination ones. It would be worth investigating whether the effect of gender is moderated by other obsession types such as those associated with sexual, moral, or religious themes.

Another interesting point might be to assess whether the role of gender on sexual arousal processes is in turn associated with other relevant outcomes such as couple satisfaction or the presence of sexual dysfunctions. Future studies using mediational analyses should test whether the processes considered by the Dual Control Model can mediate the relation between gender and broader outcomes of sexual life such as couple satisfaction or sexual dysfunctions. Finally, the cross-sectional design and the lack of an investigation on other related factors (i.e., dosages, types of medications) did not allow us to clarify the reasons why there were no differences between patients with and those without antidepressant medication on sexual arousal. Future longitudinal studies based on random assignment to medication should clarify this point. Moreover, the effect of additional clinical features that were not controlled for in our study should be examined, such as anxious and depressive symptoms, as they are very often associated with OCD and they might impact on sexual arousal negatively. It might be interesting to compare sexual arousal across different OCD spectrum conditions such as also skin picking disorder which typically focuses on the body (81).




CONCLUSIONS

The results of the present study show in a clinical group of OCD patients that the relation between gender and sexual arousal processes might be moderated by attachment styles and contamination symptoms. Women with higher discomfort with intimacy but also with higher confidence in self and others would have lower SE, while women with higher preoccupations with relationships but also with higher confidence would be more threatened by potentially negative performance consequences such as getting contaminated with a sexually transmitted disease. Finally, women with contamination symptoms would have higher SI due to threat of performance failure but lower SI due to performance consequences than men.

In conclusion, the present preliminary findings suggest that sexual arousal should be more carefully evaluated during the assessment in clinical practice with OCD patients, and that gender-based effects of attachment styles and contamination symptoms should be taken into account during personalized treatment planning.
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Background: Few studies have investigated which patients with obsessive-compulsive disorder (OCD) do not recover through regular cognitive behavior therapy or pharmacotherapy and subsequently end up in intensive treatment like day treatment or inpatient treatment. Knowing the predictors of intensive treatment in these patients is significant because it could prevent intensive treatment. This study has identified predictors of intensive treatment in patients with OCD.

Methods: Using 6-year longitudinal data of the Netherlands Obsessive Compulsive Disorder Association (NOCDA), potential predictors of intensive treatment were assessed in patients with OCD (n = 419). Intensive treatment was assessed using the Treatment Inventory Costs in Patients with Psychiatric Disorders (TIC-P). Examined potential predictors were: sociodemographics, and clinical and psychosocial characteristics. Logistic Generalized Estimating Equations was used to estimate to what extent the various characteristics (at baseline, 2- and 4-year assessment) predicted intensive treatment in the following 2 years, averaged over the three assessment periods.

Results: Being single, more severe comorbid depression, use of psychotropic medication, and a low quality of life predicted intensive treatment in the following 2 years.

Conclusions: Therapists should be aware that patients with OCD who are single, who have more severe comorbid depression, who use psychotropic medication, and who have a low quality of life or a drop in quality of life are at risk for intensive treatment. Intensive treatment might be prevented by focusing regular treatment not only on OCD symptoms but also on comorbid depression and on quality of life. Intensive treatment might be improved by providing extra support in treatment or by adjusting treatment to impairments due to comorbid depressive symptoms or a low quality of life.

Keywords: obsessive-compulsive disorder, OCD, intensive treatment, longitudinal, quality of life, psychotropic medication, comorbid depression


INTRODUCTION

Obsessive-compulsive disorder (OCD) is an impairing disorder, often with a chronic course (1). There are evidence-based treatments for OCD, namely cognitive behavior therapy (CBT) and psychotropic medication, that can be offered in more or less intensive formats (2). Multidisciplinary guidelines recommend determining the designated intensity of treatment according to the principles of so-called “stepped care” (3–5). In line with stepped care, the least intensive treatment possible is delivered to patients first, taking into account the nature and course of their symptoms. In the case of non-response, treatment may be “stepped up” to a more intensive level in an effort to meet the treatment goals (6). In the National Institute for Health and Care Excellence (NICE) guideline, the first step in the treatment of OCD consists of awareness, recognition and assessment (3). Next step strategies comprise of CBT, antidepressant medication, or a combination of these. In the case of non-response, treatment is stepped up to treatment by a multidisciplinary team with expertise in the management of OCD. Intensive treatment such as day treatment or inpatient treatment may be considered in this latter step for the most severe, impaired, and treatment-resistant patients. In the Netherlands, intensive treatment usually consists of multimodal treatment, with CBT being the main therapy, offered in a group with other patients with anxiety disorders and OCD. It can be offered in a day-care setting or in an inpatient setting. Intensive treatment usually takes several (parts of) days a week up to 5 days a week for a few months to 1 year. Admission may also be necessary when patients are in crisis.

Up till now, no longitudinal studies into the predicting factors of intensive treatment in OCD have been published. However, cross-sectional research exists, describing the characteristics of patients with OCD in intensive residential treatment. These patients were treatment-resistant to antidepressants and/or CBT, suffered from severe OCD symptoms and psychiatric comorbidity (7–9), had an early age of onset of OCD and a long duration of the disorder (10, 11), often did not have a partner or a job (10–12) and had a low quality of life, with scores of one to two standard deviations below the general population (13–17).

In populations with other mental disorders, more is known about predictors of hospitalization. A systematic review of 58 papers on predictors of readmission in patients with several mental disorders indicates that previous hospitalization, younger age, being unmarried, having lower financial means, not being satisfied with the index treatment, having more hospital days on the index admission, and a negative attitude toward medication were predicting factors for psychiatric readmission (18). In addition, being male, having psychotic symptoms, a longer duration of untreated psychosis, less social satisfaction, disturbed family dynamics, residing in an urban area, and illegal drugs misuse were found predictive of hospitalization in recent prospective cohort studies involving several mental disorders (18–22). A population study combined several survey and register databases of 2,638 individuals born in 1953, including interviews with their mothers. From this study it appeared that poor family relations in adolescence were associated with an increased risk of inpatient psychiatric treatment in the years 1969 until 2008 (20).

Knowledge of characteristics that predict future intensive treatment might help to optimize first steps of treatment for patients with OCD to prevent the need for intensive treatment. This is significant because intensive treatment may contribute to stigmatization and the disruption of the lives of patients by hindering work, education, care for children, hobbies or social contacts (23, 24). In addition, intensive treatment is expensive, which burdens society with costs. Nevertheless, intensive treatment is still the best available treatment for the most severe and impaired patients with OCD. Another significance of predictors of intensive treatment is that they might be used to improve intensive treatment by tailoring it to the characteristics of the patients who need it.

The goal of the present study was to identify predictors of starting with intensive treatment. In the rest of the text, we will refer to this as “predictors of intensive treatment,” for reasons of readability. We have selected potential predictors based on the above presented research findings in other populations. In addition, potential predictors were selected that have been associated with course and severity of OCD, leading to the following potential predictors: sociodemographic variables, clinical variables, and psychosocial variables including personality traits (25, 26), the quality of the social network (27), and childhood trauma (28–30). We hypothesized that being male, being younger, having more severe symptoms, poor insight in OCD, childhood trauma and a lower quality of social relationships are predictors of intensive treatment.



METHODS

The reporting of this study conforms to the STROBE statement (www.strobe-statement.org).


Procedure

Data were derived from the Netherlands Obsessive Compulsive Disorder Association (NOCDA) study, longitudinal cohort study investigating the naturalistic long-term course of OCD in patients referred to mental health care centers. The NOCDA study design and baseline characteristics of the study sample are described in detail elsewhere (31). The NOCDA study was accredited by the Medical Ethical Committee of the VU-University Medical Center in 2005.

After their clinical assessment at one of the contributing mental health clinics, 687 patients aged 18 years and over with a lifetime diagnosis of OCD, as determined by the administration of the Structured Clinical Interview for DSM-IV Axis I Disorders (SCID-I) (32), were asked to participate in the NOCDA study. Since NOCDA aims to follow a large representative sample of OCD subjects in different stages of the disease and with different degrees of illness severity, the only exclusion criterion was an inadequate understanding of the Dutch language for the purposes of the completion of interviews and self-report questionnaires. Comprehensive measurements were done at baseline and after 2, 4, and 6 years.

Of the 687 patients who were asked to participate in the NOCDA study, 419 (60.9%) gave written informed consent and were enrolled in the study. A comparison on basic demographic characteristics between patients that did (n = 419) and did not (n = 268) agree to participate yielded no significant differences.

Baseline measurements took place between 2005 and 2009 and included validated semi-structured interviews and self-report questionnaires to gather information on a broad range of variables related to OCD, comorbidity, and psychosocial consequences. The baseline assessment took about 5 h. All included participants were contacted after 2, 4, and 6 years for assessment, irrespective of their treatment status. The follow-up assessments took about 3 h and in most cases (80%) they were performed by the same research assistant. During the follow-up period, participants received treatment as usual. Three hundred and eleven patients participated in the 2-year assessment (total dropout 26%), 295 patients in the 4-year assessment (total dropout 30%), and 272 patients in the 6-year assessment (total dropout 35%).



Primary Outcome Measure: TIC-P

Treatment intensity was derived from the Treatment Inventory of Costs in Patients with mental disorders (TIC-P) (33). This is a 15-item interview assessing health care consumption in the previous 6 months (at baseline) or since the previous interview (at 2-, 4-, and 6-year). Treatment was scored as “intensive” when patients responded on the TIC-P interview (33) by stating that they were receiving day-care treatment or inpatient treatment in a psychiatric hospital or a specialized OCD clinic. In all other cases, treatment was scored as “not intensive.”



Potential Predictors of Intensive Treatment in Patients With OCD

We studied three categories of potential predictors: sociodemographic, clinical, and psychosocial characteristics.


Sociodemographic Characteristics

Age (in years), gender, having a partner (yes, no), having children (yes, no), independent living situation [yes (living alone, with partner or children), no (living in a mental health institution or with parents)], education (number of years), paid employment (yes, no), and income (16 categories of increasing income).



Clinical Characteristics

Severity of OCD was assessed using the Yale Brown Obsessive Compulsive Scale for Severity (Y-BOCS) (34, 35). Age of onset of OCD was assessed using the SCID-I as the earliest age at which patients fulfilled the criteria for OCD. In order to assess the number of current comorbid mental disorders, the ascertained diagnoses on the SCID-I were counted (anxiety-, mood-, post-traumatic stress-, eating-, somatoform-, and substance-related disorders, and psychotic disorders). Presence and severity of comorbid anxiety symptoms were assessed using the Beck Anxiety Inventory (BAI) (36), while comorbid depressive symptoms were measured using the Beck Depression Inventory (BDI) (37–39). Psychotropic medication was assessed using the TIC-P (33), measuring use of all types of psychotropic medication in the previous 6 months (at baseline and follow-up). Insight in OCD was measured using the Overvalued Ideas Scale (OVIS) (40).



Psychosocial Characteristics

Childhood trauma was assessed using the Structured Trauma Interview (STI) (41). Traumas on the STI are: (1) early separation from parent; (2) and (3) parental dysfunction of mother or father respectively; (4) witnessing of interparental violence; (5) physical abuse; (6) sexual abuse. Ascertained childhood traumas were summed. Personality characteristics according to the Big Five were assessed using the Five-Factor Personality Inventory (FFPI) (42). Subscales of the FFPI are: extraversion, agreeableness, conscientiousness, emotional stability, and autonomy. Social support was assessed using the Social Support Inventory (43). The self-rated EuroQol five dimensional questionnaire (EQ-5D) was used to assess quality of life (44). The EQ-5D contains five dimensions significant for quality of life: mobility, selfcare, daily activities, pain/discomfort, and depression/anxiety.

Stable characteristics like age, gender, age of onset OCD, childhood trauma, and personality characteristics were assessed at baseline only. Characteristics that could vary over time were assessed at baseline, 2- and 4-year assessment. These characteristics were: relationship status, children, living situation, education, employment, severity of OCD, number of current comorbid mental disorders, comorbid anxiety and depressive symptoms, use of psychotropic medication, social support, and quality of life. An exception is the characteristic insight in OCD, which was assessed at 2- and 4-year assessment.




Quality Aspects of NOCDA

The NOCDA study was coordinated by the Department of Psychiatry at the Amsterdam UMC/GGZ inGeest, Amsterdam, and included seven sites that were specialized OCD mental health clinics spread over the Netherlands. All research assistants had extensive experience in assessing OCD. In addition, they received a 2-day course, and regular follow-up 1-day training sessions in which videos of the SCID were rated, assessor rating scales were practiced, and questions and problems raised by the research assistants were able to be addressed. The first two interviews of all research assistants were audiotaped and monitored by the fieldwork coordinator in order to address any misunderstandings or errors in performing the measurements. All subsequent interviews were audiotaped for future reference. The audiotapes were continuously randomly monitored in about 10% of all taped interviews, as well as on the basis of questions raised by the research assistants and the fieldwork coordinator. Assessments were done by around 30 research assistants (profession: psychologist or experienced research nursing staff).



Statistical Analyses

Logistic Generalized Estimating Equations (GEE) with an exchangeable correlation structure was used to estimate to what extent the various characteristics (at baseline, 2- and 4-year assessment) predicted intensive treatment in the following period of 2 years, averaged over the three assessment periods (see Figure 1).


[image: Figure 1]
FIGURE 1. Schematic representation of statistical analyses.


The following GEE analyses were performed: (1) univariable analyses in which all potential predictors were analyzed separately; (2) multivariable analyses within the three categories of potential predictors in which all variables of a category showing statistical significance in the univariable analyses were analyzed together; and (3) a multivariable analysis over the three categories including all variables showing statistical significance (p < 0.05) in the multivariable analyses within the three categories of potential predictors. A backward selection strategy was used to obtain the final multivariable models.

As a sensitivity analysis, we repeated the analyses but corrected for Y-BOCS severity. Insight in OCD will be analyzed separately using the other characteristics because it was assessed at 2- and 4-year assessment only.




RESULTS


Description of Potential Predictors of Intensive Treatment

Table 1 presents the description of the potential predictors at baseline, 2- and 4-year measurement that may predict whether patients will receive intensive treatment in the following 2 years. The mean severity of OCD and comorbid symptoms decreased from baseline to 2-year measurement. From 2- to 4-year measurement, these severity scores stabilized or increased slightly.


Table 1. Descriptives of potential predictors of IT in patients with OCD.
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Description of 6-Year Course of Intensive Treatment

Table 2 presents the description of the intensive treatment variable over the course of 6 years. Over time, fewer patients were treated in mental health care (outpatient care as well as intensive treatment).


Table 2. Treatment of patients with OCD over the course of 6 years.
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GEE Regression Analyses: Potential Predictors of Intensive Treatment

Table 3 presents the results of the analyses of the potential predictors of intensive treatment 2 years later over a time period of 6 years.


Table 3. Results of logistic GEE analyses of potential predictors of intensive treatment 2 years later over a time-period of 6 years.
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In the univariable analyses, not having a partner, a dependent living situation, fewer years of education, not having a paid job, more severe OCD, more current comorbid diagnoses, more severe comorbid anxiety and depression, use of psychotropic medication, less extraversion, less autonomy, less social support, and a lower quality of life all significantly predicted intensive treatment 2 years later.

In the multivariable analysis of the sociodemographic variables, not having a partner and not having a paid job significantly predicted intensive treatment 2 years later. Predictors in the multivariable analysis of the clinical variables were more severe comorbid depression and use of psychotropic medication, while in the multivariable analysis of the psychosocial variables a lower quality of life predicted intensive treatment 2 years later.

For the final multivariable model, in which all significant predictors from the previous multivariable models were analyzed together, severity of comorbid depression and quality of life could not be included together due to high collinearity. Because severity of comorbid depression had a stronger association with intensive treatment, a final multivariable model was made with this variable and quality of life was not included (Table 3 model 1). In this model, not having a partner, more severe comorbid depression and use of psychotropic medication significantly predicted intensive treatment 2 years later. When quality of life was substituted for severity of comorbid depression in the final multivariable model (Table 3 model 2), it appeared that a lower quality of life significantly predicted intensive treatment 2 years later as well as not having a partner and use of psychotropic medication.

From the sensitivity analysis, in which we repeated the analyses but corrected for Y-BOCS severity, it appeared that the same predictors were significantly related to intensive treatment in the final multivariable analysis. Thus, these factors predict intensive treatment independently of OCD severity.

Insight in OCD was not significantly related to intensive treatment [OR = 1.07, 95% CI (0.98, 1.18); p = 0.14].




DISCUSSION

We studied potential predictors of intensive treatment in the subsequent 2 years in patients with OCD over the course of 6 years. It appeared that patients with OCD who were single, who had more severe comorbid depressive symptoms, who used psychotropic medication, and who had a low quality of life were significantly more likely to have intensive treatment 2 years later. Our results on being single and more severe comorbid depression resemble the results concerning other mental disorders (18, 19, 21). Thus, also in patients with OCD, these variables predict future intensive treatment. Quality of life as a potential predictor of intensive treatment has not been studied before. Our result that psychotropic medication predicts future intensive treatment is not congruent with previous research results in which a negative attitude toward medication—and thus likely not using medication—predicted admission (18, 22). This difference might reflect the different study populations. While in patients with psychotic disorders or mood disorders medication has a large effect on symptoms and prevents relapse, crisis, and hospitalization (45, 46), in OCD, medication has only a moderate effect. SSRIs cause a mean reduction of 3.2 points on the Y-BOCS, over placebo, in patients with OCD according to a meta-analysis including 17 studies (3,097 participants) (47). Therefore, patients with OCD not taking medication usually does not lead to severe relapse or crisis, or an increase in the risk of hospitalization. A second explanation for our finding might be that stepped-care principles were followed in the treatment of OCD that indicate prescription of psychotropic medication before stepping up to more intensive treatments (3).

Contradictory to our hypotheses, the following potential predictors did not significantly predict intensive treatment. Remarkably, although severity of OCD was associated with intensive treatment in the univariable analysis of our study, this association disappeared in the multivariable models, indicating that other variables were more important in predicting intensive treatment. This might indicate that despair and limitations as a result of OCD are more important reasons for intensive treatment than severity of OCD per se. Next, insight in OCD did not predict intensive treatment in our study. This is not congruent with a previous finding in patients with several mental disorders that better insight was predictive of readmission (48). Also, it is not in line with previous findings that patients with poor insight in OCD were less likely to seek mental health care (49). In addition, poor insight in OCD was previously related to severity and chronicity of OCD (50–52). Possibly, effects of insight and help-seeking on intensive treatment cancel each other out. More specifically, patients with poor insight are often severe and chronic patients for whom intensive treatment is indicated. However, they are less likely to seek help. Conversely, patients with good insight do seek help but need intensive treatment less often. Lastly, childhood trauma was not predictive of intensive treatment in our study. To our knowledge, childhood trauma has not been studied as a potential predictor for intensive treatment before. Contradictory results have been found on the association between childhood trauma and severity and chronicity of OCD (28–30, 53). While childhood trauma is an important predictor of severity and chronicity of depression in patients with depressive disorders, the relationship between childhood trauma and severity and chronicity of OCD is less clear (54).

The predictors of intensive treatment that have emerged from our study might be used to tailor intensive treatment to the characteristics of the patients involved. For instance, single patients obviously lack the support from a partner, which might make it harder for them to stay motivated in the face of setbacks in treatment. Therapists may need to organize or offer extra support to pull these patients through. Next, patients with comorbid depressive symptoms or with a low quality of life may have difficulty following an intensive treatment program. In that case, adapting the treatment to the impairment of the patient may be helpful, and could be done by including activation in treatment or by shortening treatment days.

Our results indicate that intensive treatment might be prevented by improving comorbid depression and quality of life in first-step treatments in addition to treating OCD. In other words, to not focus only on diminishing OCD symptoms in treatment but also on vitality and promoting a fulfilling life with elements that patients want from life, like work, pleasurable activities, a partner, and a social network. We recommend therapists to encourage patients to fulfill life's wishes while allowing them to be hindered by OCD as little as possible. In our clinical experience, patients tend to postpone fulfilling their life's wishes based on the idea that it is better to wait until the OCD symptoms have disappeared. However, this conviction contributes to the notion of being disabled, which drives patients further away from their goals in life and in treatment. Therefore, therapists should educate patients about the importance of working on their life's goals in treatment in addition to working on OCD. Furthermore, therapists can help to find practical solutions to obstacles that may arise.

During the last decade, it has been accepted that recovery from mental disorders does not just entail having fewer symptoms but also regaining functioning and resuming a meaningful life (55). Guidelines like the NICE and the APA guidelines recognize the importance of focusing on functioning and quality of life in treatment (3, 4). Also, treatments are increasingly being evaluated using quality of life outcome measures (56–58). Moreover, recovery-oriented treatment programs have been implemented for patients with severe mental illness like schizophrenia, bipolar disorder, major depressive disorder, borderline personality disorder, and substance use disorders. These treatment programs foster adapting to chronic mental illness and movement toward personally meaningful goals like work and education (59–61). Recovery-oriented treatment programs help to improve both symptoms and functioning and help reduce hospitalization in these patients with severe mental illness (59). Another treatment that can be effective in improving quality of life is acceptance and commitment therapy (ACT), which aims to accept negative feelings, while moving toward meaningful goals in accordance with personal values (62–64).

A limitation of this study is that although we had a longitudinal study design with potential predictors preceding the outcome measure (intensive treatment) in time, we were unable to establish causal connections between potential predictors and intensive treatment. Future research should thus examine whether treatment of the significantly associated predictors of our study indeed prevents intensive treatment. Another limitation is the attrition rate of 35% over the course of 6 years. To investigate whether dropout was selective, we have compared baseline characteristics of patients who participated in the 6-year assessment with patients who did not participate. Patients did not differ on any of the baseline characteristics except that patients who dropped out had less years of education (mean = 11.7; SD = 3.3) compared to patients who participated in the 6-year assessment [mean = 13.1; SD = 3.2; t(416) = −4.2, p < 0.01]. In previous studies, education was a determinant of attrition as well (65, 66). Presumably, our results were not biased by selective attrition. Last limitation is a potential historical effect due to the fact that the data was collected between 2005 and 2015. However, the intensive treatments that were common in the Netherlands during the NOCDA data collection have largely remained the same to date. This study also had a strength: we had access to a large, representative sample of treatment-seeking patients with OCD who were followed for a long period of time. Thus, our results are generalizable to clinically referred OCD patients in a specialized setting.

In conclusion, therapists should be aware that patients with OCD who are single, who have more severe comorbid depression, who use psychotropic medication, and who have a low quality of life or a drop in quality of life are at risk for intensive treatment. This is significant because knowledge of these predictors might help to optimize first-step treatments for patients with OCD to prevent the necessity of intensive treatment. In addition, the significant predictors of our study might be used to tailor intensive treatment to the characteristics of patients involved. We advise working on comorbid depression and personal goals in treatment in addition to working on OCD. Also, we advise providing extra support in treatment for patients who need it and to adjust treatment to impairments due to comorbid depressive symptoms or a low quality of life.
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Background: Obsessive-compulsive disorder (OCD) is a heterogeneous illness, and emerging evidence suggests that different symptom dimensions may have distinct underlying neurobiological mechanisms. We aimed to look for familial patterns in the occurrence of these symptom dimensions in a sample of families with at least two individuals affected with OCD.

Methods: Data from 153 families (total number of individuals diagnosed with DSM-5 OCD = 330) recruited as part of the Accelerator Program for Discovery in Brain Disorders using Stem Cells (ADBS) was used for the current analysis. Multidimensional Item Response Theory (IRT) was used to extract dimensional scores from the Yale-Brown Obsessive-Compulsive Scale (YBOCS) checklist data. Using linear mixed-effects regression models, intra-class correlation coefficients (ICC), for each symptom dimension, and within each relationship type were estimated.

Results: IRT yielded a four-factor solution with Factor 1 (Sexual/Religious/Aggressive), Factor 2 (Doubts/Checking), Factor 3 (Symmetry/Arranging), and Factor 4 (Contamination/Washing). All except for Factor 1 were found to have significant ICCs, highest for Factor 3 (0.41) followed by Factor 4 (0.29) and then Factor 2 (0.27). Sex-concordant dyads were found to have higher ICC values than discordant ones, for all the symptom dimensions. No major differences in the ICC values between parent-offspring and sib-pairs were seen.

Conclusions: Our findings indicate that there is a high concordance of OCD symptom dimensions within multiplex families. Symptom dimensions of OCD might thus have significant heritability. In view of this, future genetic and neurobiological studies in OCD should include symptom dimensions as a key parameter in their analyses.

Keywords: OCD, obsessive-compulsive, familial, heritability, symptomatology, symptom dimensions, dimensions


INTRODUCTION

Obsessive-compulsive disorder (OCD) is a complex neuropsychiatric illness, with a prevalence of 2–3% in the general population (1). Controlled family studies have identified an elevated risk of OCD in first-degree relatives of around 23% (2, 3), with odds ratios ranging from 11 to 32. Twin studies have also found heritability estimates of OCD to be around 30–60% (4), with higher heritability in pediatric OCD samples. Gene discovery efforts for OCD, especially those using genome-wide approaches have, however, yielded few consistent markers (5). Inability to replicate findings, in genetic and neurobiological research, is commonly attributed to the heterogeneity in the phenotypic presentation of OCD (6). To tackle this heterogeneity, several approaches have been employed to subtype the illness. These include using the age at onset (7–9), degree of insight (10–12), comorbidity profile [e.g. tic disorder (13, 14), depression/anxiety (15–17)], and familiality (18–20). One important approach in this direction has been that of OCD symptom dimensions.

Several factor analytic studies on OCD symptomatology have confirmed the existence of 5 factors (or dimensions, used interchangeably), which are contamination/washing, doubts/checking, symmetry/arranging, unacceptable/taboo thoughts (aggressive, sexual, religious) and hoarding (21, 22). Certain symptom dimensions are found to have specific clinical correlates, for e.g. symmetry/arranging is associated with earlier age at onset & family history (19, 23), greater comorbid depression & anxiety in those with forbidden thoughts (17, 24). Owing to major differences in neurobiology (25), treatment response (26) and other clinical features of patients with hoarding, it is now considered a separate diagnosis (27). Research on how the other symptom dimensions may differ from each other with respect to familial aggregation, genetics, or neurobiology, is still in its early stages (28).

Several studies have examined the familiality of broadly-defined OCD & clinical correlates of the familial form of OCD, but only a few of them have examined the familiality of individual symptom dimensions. Table 1 summarizes these studies. The largest of these studies (31) done in clinical populations analyzed the sample from the Obsessive-Compulsive Collaborative Genetics Study (OCGS), found significant co-occurrence between siblings, of contamination and hoarding dimensions. They also found that gender could play a role in the degree of sharing between the sibling pairs (35). Also reported similar findings with respect to contamination and hoarding dimensions (35). However, the ascertainment of information regarding OC symptoms in relatives was done only through administering a family history screen to the probands. A few other studies have found high concordance particularly for contamination symptoms (30, 33). Two twin studies have shown conflicting results regarding the commonality, i.e. shared vs. specific heritability of symptom dimensions. The smaller of the two studies (33) found commonality between all dimensions with specific heritability for contamination. However, the study done in the TwinsUK sample (34), in a much larger sample found that the best-fit model was one that included common and unique genetic/environmental factors for the symptom dimensions, and hoarding was found to have the lowest loading on the common factor.


Table 1. Studies that have examined familial sharing of symptom dimensions in Obsessive Compulsive Disorder (OCD).
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Overall, the studies have shown heterogeneous findings, which might result from the varying methodology. For example, some of the studies have focused primarily on a particular phenotype, such as comorbid Tourette syndrome, early-onset symptoms, female subjects etc., which may limit the generalizability of the results. Some studies have been conducted on non-clinical analog populations. Other methodological issues include varying methods of clinical assessment and type of relationships with probands studied (some studies have focused on sibling/twin pairs alone).

Hence, from the available research, it is still difficult to conclude whether the individual symptom dimensions in OCD are heritable, or at least have a familial concordance. This is important to study, especially in clinical populations, as familiality is one of the criteria originally proposed by Robins & Guze (38), to establish the validity of a construct. Additionally, there are no studies on the effect of specific relationships, like sex-concordance and parent-of-origin (i.e. imprinting) in the transmission of the OC symptom dimensions.

The aim of this current study was to examine the familial patterns in the co-aggregation of these specific symptom dimensions in a sample of families with multiple first-degree relatives affected with OCD. We hypothesized that all symptom dimensions would show familial concordance and that the degree of concordance may differ based on gender and type of relationship between the affected individuals.



MATERIALS AND METHODS


Clinical Recruitment

We screened all individuals seeking treatment for OCD at the speciality OCD Clinic of the National Institute of Mental Health and Neurosciences (NIMHANS), Bangalore between July 2016 and December 2019 for the presence of OCD in their first-degree relatives. Individuals were asked about a family history of OCD for the purpose of recruitment into the Accelerator Program for Discovery in Brain Disorders using Stem Cells (ADBS) (39). The study is approved by the Institute Ethics Committee and all participants gave written informed consent to participate in the study.

Out of a total of 1,354 subjects with OCD, 330 (24%) individuals, belonging to 153 families were found to have familial OCD (that is having a first-degree relative, either a parent or a sibling, with OCD). A diagnosis of OCD was ascertained first by interviewing at least three family members, for a family history of OCD and then confirmed later by directly interviewing the affected family members by asking questions from the OCD section of the MINI International Neuropsychiatric Interview (MINI) 7.0.0 (40).



Assessments

All subjects underwent a detailed clinical assessment using the Mini International Neuropsychiatric Interview (MINI) 7.0.0 (40) and the Yale-Brown Obsessive Compulsive Scale (Y-BOCS) symptom checklist and the severity measure (41, 42). The diagnosis of OCD was confirmed by two clinicians, at least one being a consultant psychiatrist specialized in the diagnosis of OCD. All raters underwent training with inter-rater reliability exercises for the Y-BOCS every 3 months using interview transcripts, which yielded high reliability indices for the total score (Cronbach's alpha = 0.83–0.89), and for all the main symptom categories in the checklist (Cohen's kappa = 0.90–0.96).



Statistical Analysis
 
Sample Size and post-hoc Statistical Power Estimation

Sample size estimation & post-hoc power analysis was carried out (43) using the package ICC Sample Size (44). With the given sample size of 153 families, the minimum ICC value which can be reliably detected with a statistical power of 0.8 is 0.20. As we intend to also look at pairs of specific relationship types within the sample, we extrapolated this power analysis for various sample sizes and ICC estimates, as shown in Supplementary Figure 1. The ICC value increases to 0.24 at N = 100 and to 0.34 at N = 50.



Item Response Theory Analysis

The Item response theory (IRT) has gained popularity as a method to identify latent traits or dimensions within categorical/binary data. It is known to have several advantages over approaches based on classical test theory, such as factor analysis. IRT involves the estimation of certain parameters that helps in understanding the relationship between each item in the scale and the latent trait/dimension(s) that we aim to measure. One of the most commonly used IRT methods is the 2-parameter logistic (2-PL) model, wherein each scale item is gauged based on a “discrimination” parameter and a “difficulty” parameter. The discrimination parameter indicates the degree of specificity of that item that latent trait, and the difficulty parameter indicates the likelihood (or ‘ability’) of a subject endorsing the item. These are represented graphically as item response characteristics curves, with difficulty indicated in the x-axis and discrimination in the y-axis, respectively. Hence, the identification of latent traits/dimensions and their scores, are considered to have greater accuracy with IRT than with the other methods (45).

Using the irt.fa function in the “psych” package in R (46), multidimensional item response theory analysis (MIRT) with the 2-parameter logistic (2-PL) model was carried out, with the main categories of the Y-BOCS checklist items. From the “Miscellaneous” categories of the obsession and compulsion checklists, only those items which were present in more than 10% of the sample were included. As part of the MIRT, exploratory factor analysis was done using the “generalized least squares” method, from a tetrachoric correlation matrix of the Y-BOCS symptom checklist items. An orthogonal rotation using the “varimax” method was employed. The resultant loadings from the factor analysis are transformed to item discrimination parameters. The “tau” parameter from the tetrachoric correlations, combined with the item factor loading are then used to estimate item difficulties. As the number of factors to be extracted can be pre-specified, we ran the same analysis starting from 2-factor up to a 6-factor model. We compared the fit indices (Bayesian Information Criteria, Comparative Fit Index & Root Mean Square of Approximation) of each of these models. The final model was chosen after considering both the fit indices as well as concordance with the existing literature on symptom dimensions from the factor-analytic studies on OCD (47). Using the parameter estimates for discrimination and difficulty IRT-based scores were derived for each individual subject, to take up for the familiality analysis.



Familiality Analysis

Using the “lme4” (48) and “performance” (49) packages in R, we used a linear mixed-effects model to compute the intra-class correlation coefficient (ICC) values for each symptom dimension. The ICC has been used in several other studies (31) to measure the level of sharing of phenotypic traits between family members, and was originally developed for this purpose (50).

Sex and age at onset were included as fixed-effect covariates, in order to regress out their influences on phenotypic expression. Several previous studies have indicated that symptom dimensions vary based on sex (51–53) and age at onset of illness (9, 54). The “Family ID” was included as a random-effects variable, and the ICC was calculated as the ratio of the residual variance between families (or pairs) to the total variance between all subjects (55). We report “adjusted-ICC” values in the output, due to the non-Gaussian distribution of the residuals (56). Similar analyses were carried out separately to estimate ICCs for each type of relationship (e.g. parent-offspring, sibling-sibling, sex-concordant and sex-discordant). Sex was not added as a covariate while analyzing the gender-concordant pairs, but the age at onset was included in all of them. In order to estimate standard errors and 95% confidence intervals for the ICCs, a bootstrapping procedure, run for 10,000 iterations, was employed for each of the mixed-effect models.





RESULTS


Sample Characteristics

Figure 1 shows four representative pedigrees from our sample, along with the principal symptom dimension of the affected individuals in the family. The sample consisted of 132 families with two affected members, 19 families with three affected members, one family with three affected members and one family with five affected members. There were no families with concordant twins (monozygotic or dizygotic) in the sample.


[image: Figure 1]
FIGURE 1. Representative pedigrees from the sample showing principal symptoms in affected member. The pedigrees have been illustrated using standardized pedigree nomenclature (57). Boxes represent male sex, and circles represent female sex. Black shading within a box/circle indicates the disease affectation status (OCD), while an unshaded box/circle indicates that the individual is unaffected. Diagonal line through a square/circle indicates deceased status.


Table 2 shows the clinical and sociodemographic details of the total sample. Juvenile-onset OCD (age at onset before 18 years) was seen in 112 (34%) of the sample. Supplementary Figures 1, 2 also show the differences in the age at onset of OCD by generation, and be sex. Additionally, a majority of the sample (84%) had at least one lifetime comorbidity, as assessed using the MINI.


Table 2. Clinical characteristics of the sample (N = 330).
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Item Response Theory Analysis

The results of the item-response theory analysis are shown in Figure 2. As shown in the figure, the four factors were as follows: Factor 1 included mental compulsions along with sexual, religious and aggressive obsessions, Factor 2 included pathological doubts with checking, repeating and counting compulsions, Factor 3 included need for symmetry obsessions along with ordering/arranging compulsions, Factor 4 was fear of contamination with cleaning/washing compulsions. The YBOCS checklist item of “somatic” obsessions did not appear to have significant loading with any of the factors. This model was found to have the following fit indices: the cumulative variance explained by the factor analysis step was 68%, the comparative fit index was 0.95, and the root mean square error of approximation was 0.076 (90% CI 0.067–0.085), all of which indicate an acceptable level fit for the model.


[image: Figure 2]
FIGURE 2. Item Information Curve (IIC) Plots of the Multi-dimensional Item Response Theory analysis done with the Yale-Brown Obsessive-Compulsive Checklist Items (N = 330). These plots represent the item information curves (IICs) for the items that are loaded within each factor. The x-axes represent the “difficulty” parameter (lesser “difficulty” means greater likelihood of the subject endorsing this item), and the y-axes represent the “discrimination” parameter. IICs with high peaks and relatively narrow spread indicate high discrimination, or high specificity of the item for that particular factor.




Mixed-Effects Intraclass Correlation Co-efficient Analyses

Figure 3 shows the results of the ICC values derived from the mixed-effect modeling, for the overall sample and for each specific relationship type (see Supplementary Table 1 for the actual ICC values). Only Factor 2 (Doubts/Checking), Factor 3 (Symmetry/Arranging) and Factor 4 (Contamination/Washing) were found to have significant ICC values when all members within families were included, regardless of the gender or type of relationship. The highest ICC was seen for symmetry/ordering (0.41), followed by contamination/washing (0.29) and then in pathological doubts/checking (0.27) dimension. The ICC values in the sex-concordant pairs were higher than those in the sex-discordant pairs for every factor. The ICC values and their 95% confidence intervals do not appear to deviate markedly from each other when parent-offspring and sibling pairs were looked into specifically. Significant ICC values were found in every relationship type for symmetry/ordering and contamination/washing dimension. ICC values were not found to be significant in any of the specific relationship types for Factor 1 (“Forbidden thoughts”), and in the gender-discordant pairs for doubts/checking dimension. We also conducted post-hoc analyses on a subset of families having multiple members (≥2) having OCD with comorbid depression (either Major Depressive Disorder or Dysthymia). We found similar results even in this subset; significant ICC values were found for all factors except Factor 1 (“forbidden thoughts”) (Supplementary Table 2).
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FIGURE 3. Intra-class Correlation Coefficients (ICC) of the factor analysis-derived symptom dimension scores between first-degree relative pairs. The colored dots represent the ICC value, the error bars represent their 95% confidence intervals, for each symptom dimension and across different relationship types. See Supplementary Table 1 for the source data.





DISCUSSION

To our knowledge, this is the first study to report familial aggregation of symptom dimensions among first-degree relatives affected with OCD in a large sample of multiplex OCD families. The study also analyzed how the sharing of symptom dimensions might be influenced by the type of relationships between the affected members, and gender.

We originally hypothesized that all symptom dimensions would show strong familial concordance. The main finding of our study showed that only three of the symptom dimensions, which include “symmetry/arranging,” “contamination/washing” and “doubts/checking” had significant familial concordance. The “forbidden thoughts” dimension, which includes aggressive, sexual and religious obsessions along with mental compulsions, did not show significant concordance. Also, higher degrees of concordance for all symptom dimensions was found when the affected members within a family were of the same sex, in contrast to when they were of the opposite sex. There were no major differences between parent-offspring pairs (both mother-offspring as well as father-offspring) and sibling pairs.

Similar findings of high familial concordance for the contamination/washing dimensions have been demonstrated in two previous studies (31, 35). A previous twin study that analyzed the sample from the Virginia Twin Cohort (33) found contamination to have a distinct genetic heritability, all other dimensions were better explained by a latent common factor model. In contrast, a subsequent study from the TwinsUK registry with a much larger sample size found only the hoarding dimension to have distinct genetic influences (34). However, as these studies were done in non-clinical populations, it is not clear how these self-reported “OC-like” behaviors may differ from symptoms in OCD. The heritability of the contamination/washing dimension hence needs to be examined further.

Studies that have compared familial and sporadic OCD have indicated the high occurrence of symmetry/arranging dimension in familial OCD samples (18, 23, 58). This was also shown when comparing early-onset OCD to adult-onset and tic-related OCD to non-tic related OCD, showing higher rates of symmetry/arranging (14). A recent candidate gene study from our center, evaluating a polymorphism in the DRD4 gene found a specific association with the symmetry/arranging dimension (59). All of these indicate that there may be a higher genetic contribution associated with this factor.

The “forbidden thoughts” factor was found to have the least degree of familial concordance, even after accounting for comorbid depression. The low familiality of this dimension, especially between siblings, is in contrast with the findings of the OCD Collaborative Genetics Study (OCGS) (31), which reported the highest concordance for this factor among sibling pairs. Their sample consisted of early-onset OCD with predominantly females (70%), and were Caucasians. It may hence be important to examine this separately in early and late onset cohorts, and further across different ethnicities as well.

Previous factor analysis studies in OCD have shown discrepant findings with respect to aggressive/harm & checking- related symptoms. While some studies have shown checking compulsions to load with aggressive obsessions (60, 61), many others (32, 62, 63) including several from our center (12, 64, 65) found doubts & checking to load separately from aggressive obsessions (which loads with forbidden/taboo thoughts). In the current study “doubts” were coded separately from aggressive obsessions, which could have resulted in a factor structure different from the OCGS study. This could have thus influenced the findings with respect to the familiality of the “forbidden thoughts” dimension.


Strengths of the Study

There are several strengths to this study. First, the study is unique in that the sample included multiplex OCD families of OCD which is different from the previous studies that have looked at only sibling pairs or one study which looked only at parent-offspring pairs. This helped in examining the patterns between specific relationship types in the sample. All participants were evaluated by interviewing them directly, and the assessments were carried out by trained raters with high inter-rater reliability. This is a key advantage over several of the studies, which used self-report tools or assessed only one of the subjects within the family (see Table 1 for details).

The sample was ascertained from a tertiary-care speciality OCD clinic, and information was collected about all first and second-degree relatives in the families. Despite this, there was an uneven sex distribution in the parental generation. Although the overall sex ratio was even (nearly 1:1, as shown in Table 2), in the parent-child pairs, the ratio of number of female: male parents was 77:42 (as depicted in Figure 3). One might also speculate that there may be a “cohort effect.” That is, the males in the older generation who had the phenotype of familial OCD with an earlier age at onset of symptoms, greater comorbidities and possibly poorer overall outcome, may have had lesser fecundity and hence were poorly represented in our sample. Females, on the other hand, have a later onset of OCD, and are also commonly known to have onset of OCD after the first child-birth (66). This phenomenon, of a “cohort effect” has been reported previously in longitudinal cohort studies of schizophrenia (67).



Limitations

Despite the relatively large overall sample size (330 subjects from 153 families), the power analysis indicated that the minimum ICC that could be reliably estimated was 0.2 with the total sample, and this increased gradually for smaller sample size. Hence, the results of the sub-analyses done for the specific relationship pairs need to be interpreted with caution.

Another limitation of our study was the use of a checklist for assessing OCD symptoms, which is categorical/dichotomous measure, hence the factor scores that were derived for each subject may not indicate a true “severity” of that particular dimension for the subject. This could have been overcome by the use of the dimensional YBOCS (D-YBOCS), which gives a separate severity score ranging from 0 to 15 across each symptom dimension (68). However, the D-YBOCS is used only as a cross-sectional measure and its reliability in measuring the lifetime severity of these symptom dimensions is uncertain. Unaffected FDRs were not included in the analysis as very few of them reported symptoms that could be tapped by the YBOCS checklist. Possibly, the additional use of either the D-YBOCS or a self-reported measure like the Obsessive-Compulsive Inventory – Revised (OCI-R) (69) or the Padua Inventory (70) may have been more sensitive to pick up sub-threshold OC symptoms and symptoms with forbidden/taboo content.

In addition to the above limitation, it is difficult to draw inferences about genetic mechanisms such as imprinting/silencing due to confounding environmental/psychosocial influence. One might still argue that these could be behaviors that are “learned” or “taught” between family members. Family accommodation is one such factor that can play a significant role in the sharing of symptoms. Accommodation refers to responses of the patient's family (typically parents, spouse or even children) to his/her obsessive-compulsive symptoms, and includes behaviors such as directly participating in compulsions, or helping to avoid triggers of obsessions or distress (71). Investigating if such accommodative behaviors may have preceded the onset of OCD in the affected FDRs in multiplex OCD families would help understand this further. However, large-scale studies of OC symptoms in non-clinical twin samples have found that the sharing of symptoms between twin pairs is more likely to be due to genetic than environmental factors, with heritability estimates of around 60–100% (34, 37).




CONCLUSIONS

We conclude that the symptom dimensions, particularly checking, washing & arranging have a robust familial basis. Efforts are being made to validate symptom dimensions by identifying each of their unique clinical and neurobiological correlates. High familiality of these specific symptom dimensions further emphasizes the need for such an approach, in order to deconstruct the complex phenotype of OCD. Stratifying patients into such homogeneous sub-groups based on symptom dimensions may substantially improve statistical power and facilitate discovery of reproducible genetic and imaging signatures of the illness. Further research into the clinical utility of these symptom dimensions, such as response to specific treatments is also warranted and likely to have an important role in developing “personalized” treatment options for OCD.
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Background: Although abnormality of cerebellar-cerebral functional connectivity at rest in obsessive-compulsive disorder (OCD) has been hypothesized, only a few studies have investigated the neural mechanism. To verify the findings of previous studies, a large sample of patients with OCD was studied because OCD shows possible heterogeneity.

Methods: Forty-seven medication-free patients with OCD and 62 healthy controls (HCs) underwent resting-state functional magnetic imaging scans. Seed-based connectivity was examined to investigate differences in cerebellar-cerebral functional connectivity in OCD patients compared with HCs. Correlations between functional connectivity and the severity of obsessive-compulsive symptoms were analyzed.

Results: In OCD, we found significantly increased functional connectivity between the right lobule VI and the left precuneus, which is a component of the default mode network (DMN), compared to HCs. However, there was no correlation between the connectivity of the right lobule VI-left precuneus and obsessive-compulsive severity.

Conclusions: These findings suggest that altered functional connectivity between the cerebellum and DMN might cause changes in intrinsic large-scale brain networks related to the traits of OCD.

Keywords: obsessive-compulsive disorder, cerebellum, functional connectivity, default-mode network, precuneus


INTRODUCTION

Obsessive-compulsive disorder (OCD) is characterized by recurrent, intrusive, and distressing thoughts (obsessions) and repetitive behaviors or mental acts (compulsions) that are executed to avoid anxiety or neutralize obsessions. A large number of previous neuroimaging studies have indicated that cortico-striato-thalamo-cortical (CSTC) circuit dysfunction is a pathophysiology of OCD (1, 2).

In recent years, resting-state functional connectivity (rsFC), which is defined as temporal correlations of spontaneous blood oxygen level-dependent (BOLD) signal among spatially distributed brain regions (3) at rest, has been used to analyze neural circuits in the brain. Numerous studies of rsFC have identified intrinsic large-scale brain networks defined as the default mode network (DMN), central executive network (CEN), and salience network (SN). DMN consists of three major subdivisions: the ventromedial prefrontal cortex, posterior cingulate cortex, and precuneus (4). Activities in these cortical regions are decreased during task states (5). CEN is divided into two major subdivisions, the dorsolateral prefrontal cortex and posterior parietal cortex, and activity in them is increased during a wide range of cognitively demanding tasks (6, 7). SN consists of major two regions, the dorsal anterior cingulate cortex and anterior insular cortex (6, 8). SN works on detecting, integrating, and filtering interoceptive, autonomic, and emotional information (6). In addition, SN plays a role in switching between DMN and CEN (8).

In the last decade, several studies using resting-state data demonstrated not only functional dysconnectivity within the CSTC circuit (9–13) but also abnormal functional connectivity within and among the DMN, ECN, and SN (14–18) in OCD. These studies, however, had mainly focused on the pathophysiology in the cerebrum of OCD.

Meanwhile, a large number of studies revealed that the cerebellum is involved in not only motor function but also cognitive function (19–25). In psychiatric disorders such as mood disorder, schizophrenia, and neurodevelopmental disorders, there is abundant evidence of alteration of the cerebellum (26–29). Furthermore, some neuroimaging meta-analysis studies of patients with OCD demonstrated structural and functional abnormalities in the cerebellum. Hu et al. reported greater gray matter volume in the cerebellum in adult OCD (30). Eng et al. also indicated that the gray matter volume in the cerebellum was greater and activation was reduced during a response inhibition task in patients with OCD (31). However, the precise roles of the cerebellum in OCD pathophysiology are still unknown.

Based on rs-fMRI, the subregions in the cerebellum are coupled with specific cortical networks, and rsFC was shown to mediate executive function, the default mode, and sensorimotor function in healthy subjects (32, 33). Especially, recent study revealed that the cerebellum is two times as involved the frontoparietal network as the cerebral cortex (34).

In recent years, several studies have investigated the altered cerebellar-cerebral functional connectivity in OCD. In the first study, Xu et al. compared the cerebellar-cerebral functional connectivity of 27 patients with OCD with that of 21 healthy controls (HCs) (35). They found that OCD patients showed significantly decreased cerebellar-cerebral functional connectivity in executive control and emotion processing networks. They also demonstrated a positive correlation between OCD symptom severity and functional connectivity spanning the right Crus I in the cerebellum and the inferior parietal lobule in the OCD group. Zhang et al. found decreased functional connectivity among the left Crus II, lobule VIII, and striatum and between the right lobule VII and the right striatum and cingulate in 27 medication-free OCD patients (36). Gao et al. investigated spontaneous brain activity by measuring the fractional amplitude of low-frequency fluctuations and resting-state functional connectivity in 64 medication-free OCD patients. They demonstrated that the OCD patients showed significantly increased functional connectivity between the left dorsolateral prefrontal cortex and the left cerebellum (37).

Although these studies reported alterations of cerebellar-cerebral functional connectivity in OCD, further investigation is needed to verify these results of previous studies because there are still few studies of cerebellar-cerebral functional connectivity in OCD.

For this reason, the aim of this study was to verify the alteration of cerebellar-cerebral functional connectivity in a larger number of drug-free OCD patients than previous studies.



METHODS


Subjects

A total of 109 subjects, including 47 medication-free OCD patients and 62 healthy controls (HCs) matched for age and sex participated in this study. All OCD patients were recruited from the Department of Neuropsychiatry, Kyushu University Hospital, Japan. They were diagnosed primarily using the Structured Clinical Interview for DSM-IV Axis I Disorders-Patient Edition (SCID) and fulfilled DSM-IV criteria. We ensured that none of them met the criteria for any current comorbid Axis I disorder and that all of them also fulfilled DSM-5 criteria for OCD. No OCD participant had taken any psychiatric medication for at least 4 weeks, and nine patients were drug-naïve. HCs were recruited from the local community, and interviewed according to the Structured Clinical Interviewed for DSM-IV non-patient Edition (SCID-NP). None of them had any psychiatric disorder. We excluded participants who had a comorbid axis I diagnosis, neurological disorder, head injury, serious medical condition, or history of drug or alcohol addiction. All of the participants completed an MRI scan, clinical assessment, and neuropsychological test within a few hours on the same day.

This study was approved by the Kyushu University Ethics Committee (No. 27-319). All participants provided written informed consent prior to study commencement.



Clinical Assessment

To assess the global severity of OCD symptoms, we used the Japanese version of the Yale-Brown Obsessive Compulsive Scale (Y-BOCS) (38). The Hamilton Rating Scales for Anxiety (HAM-A) (39) and Depression (HAM-D, 17-item version) (40) were also used to quantify the degree of anxiety and depression. The Japanese version of the National Adult Reading test (JART) (41) was administered to estimate a participant's verbal intelligence quotient (IQ). We used Student's t-test and the chi-square test to compare the demographic and clinical data of the OCD and HCs groups.



Image Data Acquisition and Preprocessing

The preprocessing and processing of image data acquired in this study were described in our previous study (42). All participants underwent MRI scanning on a 3.0-Tesla MRI scanner (Achieva TX, Phillips Healthcare, Best, The Netherlands) equipped with standard phased array head coils. A T2*-weighted gradient-echo echo-planar imaging (EPI) sequence (echo time (TE), 30 ms; repetition time (TR), 2,500 ms; field of view (FOV), 212 × 212 mm; matrix, 64 × 64; slice thickness, 3.2 mm; flip angle, 80°) was acquired from each participant. After an initial 10-s dummy scan, we completed 240 real scans during a 10-min real time scan. During a resting-state fMRI scan, participants were instructed to relax with their eyes opened and watch a presented gray cross. High-resolution T1-weighted anatomical images were also acquired (TE = 3.8 ms; TR = 8.2 ms; FOV 240 × 240 mm; flip angle 8°; slice thickness, 1 mm; inversion time = 1,026 ms) after each EPI image scan. After acquisition of all image data, the arousal level during the scan of all participants was checked by the Stanford-Sleepiness Scale.

We used the CONN toolbox 17.f (http://www.nitrc.org/projects/conn) (43) running on MATLAB R2016b version 9.1.0 (MathWorks, Inc., Natick, MA, USA) on MacOS 10.12.6 to analyze functional connectivity. After discarding the first four volumes, the remaining 236 volumes were preprocessed using the CONN toolbox default spatial and temporal processing. Functional images were slice timing corrections based on the slice order, and realigned and normalized in accordance with the standard Montreal Neurological Institute (MNI) template. Six rigid-body parameters (translational and rotational) were estimated for each subject. The ART scrubbing procedure (https://www.nitrc.org/projects/artifact_detect/) was applied to exclude image artifacts due to head movement using the 97th percentile in a normative sample (with thresholds for motion = 0.9 mm and global signal z = 5). We showed invalid scans of each groups applying these thresholds (Table 1). Signal noises from the white matter and cerebrospinal fluid were discerned. Next, fMRI data were band-pass filtered at 0.008–0.09 Hz, and all functional images were smoothed using a Gaussian kernel of 6-mm full width at half-maximum. There was no significant difference between OCD and HC groups in motion parameters (max motion [t = 1.45; p = 0.149] and mean motion [t = 0.90; p = 0.368]). From anatomical image of each participants, we created white matter and cerebrospinal fluid masks in the spatial processing steps. Then BOLD signal noise from the white matter and cerebrospinal fluid (CSF) were discerned applying linear regression of white matter and CSF signal as confounding effects (43). To regress out the anatomical component-based noise, CONN toolbox has implementation of the CompCor method (44) for noise reduction along with the efficient rejection of motion and artifactual scans.


Table 1. Cerebellar seeds and coordinates grouped by network (35).

[image: Table 1]

We used the spherical seed regions-of-interest (ROI) defined in a previous study (35) (Table 1), referring to the findings of healthy subjects (32, 33). Each ROI was created in each hemisphere as a 6 mm radius sphere.

Following the preprocessing steps, the blood-oxygen-level-dependent (BOLD) signal time series correlation was calculated between each pair of sources for each participant across the resting-state time series, and then a Fisher z transformation was applied. Seed-based connectivity maps were generated from each seed ROI for each participant.

We investigated the difference in functional connectivity from seed ROIs to whole brain voxels between the OCD and HC groups by using a two-sample t-test. The significance level was set at the individual voxel p < 0.001, and a cluster-size threshold of p < 0.05 false discovery rate (FDR) corrected. Then, we conducted a correlation analysis between the abnormal functional connectivity from group-level comparison and the Y-BOCS total score, obsession score, and compulsive score within the OCD group.




RESULTS


Demographic and Clinical Characteristics

Table 2 shows the demographic characteristics of the OCD group and HCs. Both groups were well-matched for age, sex, and handedness. The mean total Y-BOCS score in the OCD group was 25.13 (S.D.= 5.73). The mean HAM-D-17 and HAM-A scores were significantly higher in the OCD group than in the HCs (p < 0.001).


Table 2. Demographic and clinical features.
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Cerebellar-Cerebellum Functional Connectivity in OCD Group Relative to HCs

The OCD group showed significantly increased functional connectivity only between the right lobule VIexect3 and the left precuneus [peak MINI coordinate (−2, 60, 20), p-FDR:0.005277, cluster size: 195 voxels] (Figure 1). It, however, was not significant difference with Bonferroni correction (p-FDR < 0.0038) for adjusting 13 seeds ROIs. No decreased functional connectivity was found in the OCD group compared with HCs. There were no correlations were found between this functional connectivity from the right lobule VIexact3 to left precuneus and the Y-BOCS total score (r = 0.11) (Figure 2), obsession (r = 0.20) score, or compulsion (r = −0.014) score within the OCD group (Supplementary Figure 1). For supplemental analysis, within OCD group, we conducted voxel-wise regression analysis from right LobuleVIexact3 related to Y-BOCS total scores, while controlling for age and gender (statistical significance was set at a voxel height threshold of p < 0.001, and a cluster-size threshold of p < 0.05 FDR corrected). Though, there was no brain area that survive statistical significance.


[image: Figure 1]
FIGURE 1. Increased cerebellar-cerebral functional connectivity in OCD group compared with HC group. Patients with OCD showed significantly increased functional connectivity between right lobuleVIexect3 and left precuneus than HC (cluster size corrected significance p < 0.05 FDR, after applying a per-voxel height threshold of p < 0.001).



[image: Figure 2]
FIGURE 2. Correlation between altered functional connectivity with severity of obsessive-compulsive symptoms. There was no correlation of increased right lobule VIexec3-left precuneus connectivity with the Y-BOCS total score. L, left; R, right; rsFC, resting-state functional connectivity; Y-BOCS, Yale Brown Obsessive-Compulsive Scale.





DISCUSSION

This study showed an increased rsFC between the right lobule VIexact3 and left precuneus in OCD patients compared with HCs. There was no correlation between this rsFC and obsessive-compulsive symptom severity. Our findings were different from the results of previous studies that reported hypo- or hyper-connectivity between Crus I and DMN in OCD (35, 45). However, this study had the advantages of a larger number of subjects and more seeds in the cerebellum than previous studies.

Previous studies showed that there were some intrinsic connectivity networks not only DMN, CEN but also visual, somatomotor, attention, limbic networks in the cerebrum (46) and the precuneus participated in paralimbic networks which include subsystems of the DMN (47). We, however, proceed with the discussion based on triple network model hypothesis which was proposed by Menon (48). The precuneus is mapped to the medial parietal cortex and associated with higher-order cognitive processes such as visio-spatial imagery, episodic memory retrieval, and self-processing operations (49). Moreover, the precuneus is one of the brain regions involving the DMN (50–52) which has rsFC with Crus I, Crus II, and Lobule IX in HC (32, 53, 54). Numerous studies revealed alterations of the rsFC within or between the DMN, CEN, and SN in several psychiatric disorders such as schizophrenia, major depressive disorder, and autism (55–60). Menon proposed a triple network model in which a deficit in engagement and disengagement of these core neurocognitive networks play a role in psychiatric disorders (48). In a meta-analysis study of rsFC in OCD, Gürsel et al. demonstrated consistent hypoconnectivity within the DMN, CEN, and SN and general dysconnectivity within the DMN and frontoparietal network, which is involved in CEN, as well as between the frontoparietal lobe, DMN, and SN (60). Therefore, they concluded that the pathological interplay within and between network alterations could underlie core OCD symptoms (60).

Our findings suggest that the aberrant rsFCs might occur not only in the cerebral regions but also in the cerebello-cerebral region in OCD. Patients with OCD have executive dysfunctions, such as working memory, cognitive flexibility, and response inhibition (61, 62). The deactivation of DMN that is associated with these cognitive performances usually occurs when an individual is required to focus attention on an external stimulus in HC (63–65). However, OCD patients have decreased DMN homogeneity (18) in resting conditions and difficulties with deactivation of DMN in non-resting conditions (17). Therefore, we supposed that the increased rsFC between lobule VI, which has resting functional connectivity to the CEN, and the precuneus might relate to interference with the function of DMN and involve the cognitive dysfunction in OCD (Figure 3).


[image: Figure 3]
FIGURE 3. Our hypothesis of aberrant cerebellar-cerebral resting state functional network and cognitive dysfunction of OCD. (A) In HC, there is a resting functional connectivity between the lobuleVIexect3 and the central executive network. The allow indicates functional connectivity. DLPFC, dorsolateral prefrontal cortex; PCC, posterior cingulate cortex; VMPFC, ventromedial prefrontal cortex. (B) Cognitive dysfunction in OCD patients might be associated with increased functional connectivity from lobuleVIexect3 to the precuneus, hypoconnectivities in the default mode network and the central executive network and dysconnectivity between these large-scale intrinsic brain networks (60). Dashed line arrow means hypoconnectivity. Red arrow indicates increased connectivity.


We did not find a correlation between the functional connectivity of the right lobule VIexact3–left precuneus and the severity of obsessive-compulsive symptoms measured by Y-BOCS. This result means that the aberrant rsFC between the cerebellum and DMN is not associated directly with the obsessive-compulsive symptoms. DMN relates to response inhibition (66, 67), planning (68), and decision-making (69), which are trait markers for OCD (70). Our results, therefore, might show that this aberrant rsFC is not a state but a trait of OCD patients.

There are several reasons for the differences in the results between the previous study and the current study. First, OCD has heterogeneity (71). It, therefore, has been pointed out that replication of the findings has been variable (71). Second, functional organization of the cerebellum is individual specific (34). Marek et al. (34) revealed that there were differences across individuals from the group average in terms of relative amount of cerebellum associated with each intrinsic cerebral network. Third, there is methodological difference in imaging data analysis between the previous study and current study. We used CONN toolbox (43) which was commonly used in many previous studies, though previous study which was conducted Xu et al. (35) used the Data Processing & Analysis for Brain Imaging (72). We do not think that either of these two methods of analysis is better than the other.

There are several limitations in this study. First, we did not investigate the correlation between aspects of the neuropsychological performance such as response inhibition and aberrant rsFC in the OCD group. Therefore, we could not verify our suggestion that altered cerebellar-cerebral connectivity might relate to the cognitive dysfunction and be a trait of OCD. Second, we did not consider other aspects of OCD heterogeneity, such as the age at onset, duration of the illness, and OCD dimensional symptoms. Future studies with neuropsychological tests and more comprehensive clinical data would validate our study. Third, we had not used the newest validated seed regions which Seitzman et al. (73) had revealed. We, however, use the seed regions which were used in the previous study (35) since the aim of this study was to verify that study. In the future, it is necessary to conduct new analysis using the newest seed regions.



CONCLUSION

In conclusion, we found increased functional connectivity between lobule VI and the precuneus at rest in medication-free patients with OCD. There was no correlation between the functional connectivity and severity of obsessive-compulsive symptoms. These findings suggest that aberrant resting state cerebellar-cerebral functional connectivity might be associated with executive dysfunction in OCD patients and be a trait of OCD.
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Recent studies suggest that the endocannabinoid system could play an important role in the physiopathology of obsessive-compulsive disorder (OCD). There are reports of effective treatment with derivatives of tetrahydrocannabinol (THC). The study of the genetic factor associated with psychiatric disorders has made possible an exploration of its contribution to the pharmacological response. However, very little is known about the genetic factor or the prevalence of cannabis use in the Mexican population with OCD. The objective of this study is to compare the prevalence of use and dependence on cannabis in individuals with obsessive-compulsive symptomatology (OCS) with that of individuals with other psychiatric symptoms (psychosis, depression, and anxiety), and to explore the association between genetic risk and use. The study includes a total of 13,130 individuals evaluated in the second stage of the 2016 National Survey of Drug, Alcohol, and Tobacco Use (Encodat 2016), with genetic analysis (polygenic risk scoring) of a subsample of 3,521 individuals. Obsessive symptomatology had a prevalence of 7.2% and compulsive symptomatology a prevalence of 8.6%. The proportion of individuals with OCS who had ever used cannabis was 23.4%, and of those with cannabis dependency was 2.7%, the latter figure higher than that in individuals with other psychiatric symptoms (hypomania, 2.6%; anxiety, 2.8%; depression, 2.3%), except psychosis (5.9%). Individuals with OCS who reported using cannabis had an increased genetic risk for cannabis dependence but not for OCD. We thus cannot know how the increased genetic risk of cannabis dependence in people with OCD is influenced by their pharmacological response to derivatives of THC. The results, however, suggest paths for future studies.

Keywords: obsessive-compulsive symptoms, cannabis use, Mexican population, polygenic risk score, cannabis dependence


INTRODUCTION

Obsessive-compulsive disorder (OCD) is a chronic disorder that affects 1–3% of the population worldwide (1–3). Its diagnosis is based on the presence of obsessions, compulsions, or both (4). The obsessions usually take the form of recurrent thoughts, impulses, or images that can cause anxiety, while the compulsions are repetitive behaviors or mental acts that respond to the obsession (5). People diagnosed with OCD have a high rate of comorbidity with other disorders: an estimated 75.0% present an additional during their lifetime (6). OCD is a symptomatological spectrum, which has made it difficult to clarify its etiology, but there are some known risk factors, including a genetic factor and alterations in neurotransmitters and brain function (7). Genes have recently been discovered that may play an important role in the alteration of glutamatergic signaling (8), and OCD is one of the mental disorders most accompanied by alterations in brain function, mainly in the cortical-striatal-thalamic circuit (9–11). Alterations have also been reported in the levels of neurotransmitters such as serotonin, dopamine, and glutamate (7).

Another neurotransmission system associated with OCD, which has gained importance as a target for the development of possible pharmacological treatments, has been the endocannabinoid system (12–15). Some studies have shown that treatment with derivatives of tetrahydrocannabinol (THC), a partial agonist of the cannabinoid B1 receptor, could diminish anxiety-related symptoms in individuals with post-traumatic stress (13, 14, 16). Currently, the main pharmacological treatment for OCD is serotonin reuptake inhibitors, and the search for new treatments and growing approval of THC derivatives has produced favorable results in case studies (17). However, we cannot disregard the relationship between cannabis use and the development of dependence (18–20), which is inheritable, complex, and associated with mental health disorders (21, 22). A recent study explored genetic factors associated with lifetime use of cannabis and found ~35 genes in a sample of more than 180,000 individuals (23). Cannabis use with dependence has increased in Mexico from 2.4% in 2008 to 5.2% in 2016 (24), and Mexico is known for cannabis production (25).

Neither the prevalence of OCD, its relationship with the use of and dependence on cannabis, nor the genetic risk factors have been estimated on a populational level in Mexico. The objective of this study is thus to compare the prevalence of use and dependence on cannabis in individuals with obsessive-compulsive symptomatology (OCS) with that in individuals with other psychiatric symptoms (psychosis, depression, and anxiety) in a populational sample, and to explore the genetic risks associated with its use.



MATERIALS AND METHODS


Study Population

The study included a total of 13,130 Mexican respondents from the second stage of the National Survey on Drug, Alcohol, and Tobacco Use (Encuesta Nacional de Consumo de Drogas, Alcohol y Tabaco 2016; Encodat 2016). The Encodat 2016 is a household survey aimed at assessing the patterns of use of different psychoactive drugs and certain mental health problems in the Mexican population. The survey was cross-sectional, with a multi-stage, probabilistic, and stratified design, and a confidence level of 90%. The sampling universe for the primary sampling units (PSUs) was the sum of the Basic Geographical Statistical Areas (BGSAs), stratified according to state and urban-rural character. Participants were 12–65 years of age, from urban and rural communities, and living at home. Wherever possible, following the household questionnaire, one adult aged 18–65 and one teenager aged 12–17 were presented with the individual questionnaire, according to a simple random sampling in each age group. The Encodat 2016 was nationally representative, with a total response rate (household + individual) of 73.6% and a final sample of 56,877 complete interviews: 27,463 men and 29,414 women; 9,563 teenagers and 47,314 adults.

The sample was obtained in two representative blocks: two independent national samples. However, it was in the second national sample that the symptomatology screening section was included with the psychiatric standard questionnaire on alcohol, tobacco, and drugs. The latter was performed for those who agreed to provide a DNA sample, with the screening questionnaire of the Diagnostic Interview for Psychosis and Affective Disorders (DI-PAD screener, version 1.5) (26–28), which is based on the Diagnostic Interview for Genetic Studies and is linked to the Operational Criteria for Psychotic Illness (OPCRIT, version 4.0). The DI-PAD screener was applied by an interviewer with specialized training in its use. Of the total of 28,770 participants in this second sample, 13,130 agreed to provide a DNA sample (Table 1) and answer the screener questions. This sample was weighted to obtain data that were representative on the national level.


Table 1. Sociodemographic and clinical characteristics of the total sample.
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DI-PAD Screener Definition of Psychiatric Symptomatology

Participants were evaluated for lifetime psychiatric symptomatology using the following questions regarding obsessive symptomatology (OS) and compulsive symptomatology (CS):

OS symptomatology: “Have you ever had repetitive thoughts or images, much more exaggerated than normal worries, that you couldn't get out of your head, that were intrusive and uncomfortable, and that lasted an hour or more a day?”

CS symptomatology: “Have you ever had to repeat certain behaviors over and over for an hour or more a day? (Examples: washing your hands or checking the locks over and over again, or repeating words or counting things in your head.)”

Obsessive-Compulsive symptomatology (SOC): affirmative response to both of the above.

Definitions for other psychiatric symptomatologies (psychosis, hypomania, anxiety, and depression) were as following:

1. Hypomania.

To define a case must meet the following criteria:

- Have you ever been diagnosed with bipolar disorder (or manic depressive disorder)?

If you do not meet the above criteria, must meet the following two criteria:

- Have you ever had a period of time that lasted 3 days or more in which you felt unusually cheerful, irritable, energetic, or hyperactive, so much so that you felt or acted in a way that was clearly different from your normal character?

- Have you ever had a period of time that lasted 3 days or more in which you didn't need much sleep (or no sleep at all) without feeling tired, or even had more energy than normal?

2. Psychosis.

To define a case must meet the following criteria:

- Have you ever been diagnosed with schizophrenia?

- If you do not meet the above criteria, must meet the following two criteria:

- Have you ever had a period of time when you heard voices when no one was actually present, had visions, or saw things that other people couldn't see?

- Have you ever had beliefs or ideas that other people did not share with you or that you later discovered were not true?

3. Anxiety.

To define a case must meet the following three criteria:

- Have you ever had an experience where you suddenly felt very anxious or fearful?

- When you had this experience, did you feel rapid heartbeat, chest pain, feeling short of breath or strangulation, nausea, sweating, weakness, thinking you would go crazy or die?

- Did these problems get worse or stronger in the first 10 min?

4. Depression.

To define a case must meet the following criteria:

- Have you ever felt depressed, sad, down, or discouraged most of the day, almost every day, for 2 weeks or more?

In addition, must meet at least one of the following criteria:

- Have you had a period of 2 weeks or more in which you lost most or all interest in your normal activities?

- During this period, did you also have feelings of worthlessness or guilt, or did you spend a lot of time with thoughts of death, suicide, or self-harm?

- During this period, did you notice a significant change in your appetite, unexpected weight gain or loss, experienced changes in your normal sleep pattern, or had difficulty concentrating?

The use of or dependence on cannabis was evaluated in this study under the criteria of the Composite International Diagnostic Interview (CIDI). Dependence was considered to be three or more of the following symptoms: tolerance, abstinence, a longer time or a greater amount of use, persistent or uncontrollable cravings, excessive time spent in getting drugs or recuperating from their effects, reduction in social, work, or recreational activities, or continued use in spite of awareness of harmful effects.

All participants provided written informed consent or assent. The protocols were carried out based on international norms and the Helsinki Declaration; they were reviewed and approved by the research and ethics committees of the Instituto Nacional de Psiquiatría (Approval No. CEI/C/083/2015) and the Instituto Nacional de Medicina Genómica (Approval No. 01/2017/I).



Microarray Analysis

DNA was collected from cheek swabs, using a modified salting-out method with the Puregen commercial kit (Qiagen, USA). The quality and integrity of the DNA was evaluated with a NanoDrop spectrophotometer (Thermofisher, USA) and a 2% agarose gel. The procedure produced 7,170 samples of sufficient quality for microarray analysis. The genotyping was carried out with an Infinium Psycharray commercial microarray (Illumina, USA). The fluorescence intensities were read with iScan (Illumina, USA). The genotyping procedure was carried out in the high-technology microarray unit of the National Institute of Genomic Medicine. Genotyping was performed on a subsample of 3,600 individuals. A random sampling of the 7,170 samples was performed to select 60% with psychiatric symptomatology and 40% as controls.



Calling and Quality Control of Single Nucleotide Polymorphisms (SNPs)

The fluorescence intensities were transformed to genotypes using the software GenomeStudio (Illumina, USA), and quality control was performed with the Plink program (29). Single nucleotide variants (SNVs) with a call rate >95% were removed, as were those with a minor allele frequency (MAF) >1%, a p-value > 1e-6 for a chi-square Hardy-Weinberg equilibrium test, and A/T or G/C variants (to avoid the flip strand effect). Individuals with a genotyping of <95% were removed. To correct cryptic relationships, all pairs of individuals with an identity-by-state value >1.6 were marked, and the individual with the lowest rate of genotyping was removed (30).



Statistical Analyses

To evaluate the genetic risk for obsessive-compulsive disorder and lifetime use of cannabis, polygenic risk scores (PRS) were calculated, using summary statistics for cannabis dependence (23) and the scores reported by the Psychiatric Genomic Consortium for obsessive-compulsive disorder (8). Polymorphisms were selected with p-values < 0.05, as reported in the summary statistics, which had good genotyping quality control. The PRS were correlated with the principal components of ancestry. Genetic ancestry was estimated using principal component analysis with the PC-AiR package (31) and the reference base of the Human Genome Diversity Project (32). The standardized residuals for comparison between groups were obtained based on the correlations of the PRS with ten principal components of genetic ancestry. The comparisons of the PRS were performed using ANOVA or Student's t-test.




RESULTS


Estimation of the Prevalence of Obsessive-Compulsive Symptomatology

The prevalence of obsessive symptomatology (OS) was 7.1% (n = 866), of compulsive symptomatology (CS) was 8.2% (n = 1,004), and of obsessive-compulsive symptomatology (OCS) was 2.4% (n = 288). Differences were found in the presence of OCS between men (42.3%) and women (57.7%), but these were not statistically significant compared with gender differences in those without OCS (?2 = 1.4, p = 0.8620). The average age of those with OCS was less (m = 30.1, SD = 15.4) than those without such symptomatology (m = 33.4, SD = 15.7) (T = −3.9, p < 0.0001).



Estimation of Cannabis Use in Individuals With Obsessive-Compulsive Symptomatology

The prevalence of having ever used cannabis was 24.4% (n = 70) in individuals with OCS (n = 288), greater than that reported for the population as a whole (9.7%) and greater than that for those with other psychiatric symptoms (hypomania, 20.9%; anxiety, 19.5%; and depression, 15.1%) except psychosis (25.5%) (Figure 1). The prevalence of having ever used cannabis was similar in those with only OS (15.8%, n = 149) as in those with only CS (15.2%, n = 172).


[image: Figure 1]
FIGURE 1. Prevalence of Cannabis use and dependence in the population. Cannabis dependence is shown in red, and cannabis use in blue. The prevalence was divided in the psychiatric symptomatology.




Estimation of Cannabis Dependence in Individuals With Obsessive-Compulsive Symptomatology

The prevalence of having ever been dependent on cannabis in individuals with OCS was greater (4.3%, n = 12) than that found in the population as a whole (0.6%). Greater dependence was also observed in this group than in individuals with other psychiatric symptomatologies (hypomania, 2.6%; anxiety, 2.8%; depression, 2.3%) except psychosis (5.9%). However, dependence was greater in individuals with only CS (2.2%, n = 22) than in those with only OS (1.8%, n = 15).



Comparison of the Genetic Risk in Individuals With OCS for OCD in the Use of Cannabis

The subsample used for genotyping had the following distribution: 81.8% (n = 2,658 individuals) with no cannabis use or OCS, 14.9% (n = 485 individuals) having ever used cannabis but with no OCS, 2.1% (n = 68 individuals) with OCS but no cannabis use, and 1.2% (n = 38 individuals) with OCS and having ever used cannabis. The PRS for OCD was constructed using 11,959 SNPs, which passed the quality control test. The OCD-PRS comparison found no statistically significant differences between the different groups (F = 1.5, p = 0.2020) (Figure 2).


[image: Figure 2]
FIGURE 2. Polygenic risk score for obsessive-compulsive disorder (OCD-PRS). The OCD-PRS was calculated with data reported by the Psychiatric Genomics Consortium and standardized by ancestry. Differences between the four groups were evaluated by ANOVA. Non-OCS: individuals without OCS symptoms; Non-Cannabis Use: individuals who had never used cannabis; OCS: individuals with OCS symptoms; and Cannabis Use; individuals who had ever used cannabis.


The PRS for dependence on cannabis was constructed using 13,485 SNPs, which passed the quality control test. The CannabisDep-PRS comparison found statistically significant differences between the different groups (F = 3.3, p = 0.0192) (Figure 3). The post-hoc comparisons found that the CannabisDep-PRS between individuals with OCS with cannabis use were not significantly different from those of individuals with OCS but with no cannabis use (p = 0.2010). Individuals with OCS and cannabis use had the highest CannabisDep-PRS value (m = 0.3151), and the difference from the value for those without OCS or cannabis use was statistically significant (p = 0.0390).
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FIGURE 3. Polygenic risk score for cannabis dependence (CannabisDep-PRS). The CannabisDep-PRS was calculated with data reported from the Psychiatric Genomics Consortium and standardized by ancestry. Differences between the four groups were evaluated by ANOVA. Non-OCS: individuals without OCS symptoms; Non-Cannabis Use: individuals who had never used cannabis; OCS: individuals with OCS symptoms; and Cannabis Use: individuals who had ever used cannabis.





DISCUSSION

Cannabis dependence and use has increased in recent years, as have proposals for the use of THC derivatives as pharmacological agents in areas such as psychiatry and oncology (33–36). In psychiatry, these derivatives could improve the symptomatology of some disorders, mainly those related to stress, such as Tourette's syndrome, anxiety, and post-traumatic stress disorder (16, 22, 37–40). Even a non-psychoactive derivative (cannabidiol) has been used to treat substance use disorders (41, 42). There are case studies that suggest a possible improvement in OCD after treatment with THC derivatives (17). A pilot clinical trial found that use of THC derivatives with exposure therapy has a synergic effect on the treatment of obsession and compulsion on individuals diagnosed with OCD (43), and its use as a therapeutic agent should still be explored. But we cannot disregard the effect of the continuous use of cannabis on the development of cannabis use disorder where its use is already problematic. We found that the prevalence of cannabis dependence in individuals with obsessive-compulsive symptomatology (OCS) was second (at 4.3%) only to its prevalence in those with psychosis (5.9%) (44). This prevalence in those with OCS is interesting, given that psychosis, but not OCD, has been strongly associated with use of or dependence on cannabis (45). Such an association has been found for other psychiatric disorders, including depression, anxiety, and suicide attempts, and for psychosis manifested at earlier ages (45–48). We do not, however, know of its effect on OCS or on the development of psychosis.

One of the important aspects to consider in the relationship between cannabis and OCD is the development of cannabis dependence either through recreational use or in pharmacological applications. This development has been thought of as a complex phenotype that must include different risk factors, such as the genetic one, in its development (49–51). The genome scans have found hundreds or thousands of associated genetic variations that have been used to calculate polygenic risk scores (PRS) (52–55). We have found that the PRS for cannabis dependence was greater in those with OCD who used cannabis than in those who did not use it. Individuals with a high genetic risk who use cannabis might thus increase their risk of dependence either through recreational use or with pharmacological derivatives of THC. PRS have been used not only as predictors of risk, but also as markers of pharmacological response to psychoactive agents and in pharmacogenomic studies (56–59). It might be hypothesized that the use of the PRS for cannabis dependence could be useful in predicting which individuals are at high risk, and to determine whether pharmacological treatment based on THC derivatives would be useful, or would exacerbate obsessive-compulsive symptomatology.



STUDY LIMITATIONS

Although we found associations between obsessive-compulsive symptomatology and the use of or dependence on cannabis, a limitation of this study is its lack of direct psychiatric diagnostic evaluation of the individuals surveyed. A further limitation was our inability to conduct a longitudinal evaluation of OCD symptoms, before or after cannabis use, to evaluate the symptomatological changes brought about by that use. Finally, because of the sample size, our analysis of genetic risk was able to evaluate only the use of cannabis, and not dependence.



CONCLUSIONS

The use of and dependence on cannabis was found to be greater in the Mexican population among individuals with obsessive-compulsive symptomatology than in those with anxiety or depression, but less than in those with psychosis. The genetic risk for cannabis dependence was also associated with cannabis use in individuals with obsessive-compulsive symptomatology. It may be possible in future pharmacogenomic studies to determine the response rates of individuals with different genetic risk scores.
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Introduction: Optimizing individual outcomes of cognitive-behavioral therapy (CBT) remains a priority.

Methods: Youth were randomized to receive intensive CBT at a hospital clinic (n = 14) or within their home (n = 12). Youth completed 3 × 3 h sessions (Phase I) and up to four additional 3-h sessions as desired/needed (Phase II). An independent evaluator assessed youth after Phase I, Phase II (when applicable), and at 1- and 6-months post-treatment. A range of OCD-related (e.g., severity, impairment) and secondary (e.g., quality of life, comorbid symptoms) outcomes were assessed.

Results: Families' satisfaction with the treatment program was high. Of study completers (n = 22), five youth (23%) utilized no Phase II sessions and 9 (41%) utilized all four (Median Phase II sessions: 2.5). Large improvements in OCD-related outcomes and small-to-moderate benefits across secondary domains were observed. Statistically-significant differences in primary outcomes were not observed between settings; however, minor benefits for home-based treatment were observed (e.g., maintenance of gains, youth comfort with treatment).

Discussion: Intensive CBT is an efficacious treatment for pediatric OCD. Families opted for differing doses based on their needs. Home-based treatment, while not substantially superior to hospital care, may offer some value, particularly when desired/relevant.

Clinical Trial Registration: www.ClinicalTrials.gov; https://clinicaltrials.gov/ct2/show/NCT03672565, identifier: NCT03672565.

Keywords: stepped care, home-based treatment, exposure and response prevention, family treatment, treatment trial


INTRODUCTION


Treatment of Pediatric OCD

Scientific consensus supports cognitive-behavioral therapy (CBT) utilizing exposure and response prevention (ERP) as a first line treatment for pediatric obsessive-compulsive disorder (OCD) given its safety, tolerability, and efficacy in reducing symptom severity and improving global well-being (e.g., impairment, quality of life, family functioning) (1–5). However, many challenges remain around CBT effectiveness. Approximately one third of youth do not respond to treatment and an additional proportion of youth benefit from treatment, but remain clinically impaired (4). Poor dissemination, clinician utilization, and patient access of ERP-focused CBT represent additional challenges (6–8). As a result, continued efforts to optimize CBT through novel approaches to treatment delivery are needed.



Treatment Dose

While standardized protocols have been essential in establishing the efficacy of CBT for OCD-affected youth, fixed-dose models inadequately address inter-individual patient needs and desires, reduce efficiency of resource utilization, and thereby hold limited relevance to community care. For example, analysis of data from the NordLOTS trial found that 38% of youth were already considered responders by week 7, 73% were responders by the end of the 14-week protocol, and 50% of non-responders to the 14-week protocol responded after a second 14-week course (9, 10). Overall, a move away from standardized dose models and toward individually tailored delivery of CBT is not only warranted, but more consistent with community care models.



Treatment Intensity

Stepped care models, in which all patients receive a low intensity treatment (e.g., bibliotherapy) and non-responders proceed to higher intensity treatments (e.g., direct CBT), have been examined as a means to optimize resource utilization; however, the benefits of this approach are limited by higher OCD-related costs (i.e., sustained impairment) associated with the delay in optimal care for individuals unlikely to respond to low-intensity interventions (11). Alternatively, leading with scalable high intensity interventions may similarly optimize resource utilization while ensuring adequate care for more severely-affected youth. Intensive CBT, in which traditional weekly CBT sessions are condensed into a shorter time frame using longer sessions and/or increased session frequency, has been associated with rapid and robust improvements, as well as similar long-term outcomes, when compared to weekly approaches (12–14). Dosing of ERP is identified as an important contributor to response (15), although time restrictions represent a primary barrier to in-session ERP utilization among clinicians (7). As such, longer session length may enhance outcomes by providing additional opportunity for ERP implementation. To date, intensive CBT has demonstrated strong potential as a brief and rapid initial intervention (14, 16) and as a cost-effective approach for treatment refractory populations (17).



Treatment Setting

Research efforts to better understand the mechanisms through which ERP contributes to positive change in OCD-affected patients have identified the relevance of inhibitory learning (i.e., fear associations are inhibited, rather than replaced, by non-fear based associations learned during exposure) (18). Inhibitory learning appears to be impaired in OCD-affected individuals (19, 20) and the nature of these deficits appears to impact response to treatment (21). With the inhibitory learning model highlighting the importance of varying stimuli and contexts (18), providing ERP to OCD-affected youth in their natural environments (e.g., home, community), rather than in an hospital/clinic setting, may offer an opportunity to enhance outcomes. While home/community ERP was utilized with promising outcomes in Farrell et al.'s pilot trial of brief intensive CBT (16), direct comparisons of home vs. clinic CBT are lacking. A pilot trial in OCD-affected adults suggested no differences in improvement across office-vs.-home CBT delivery; however, the authors note that their clinical experiences, and discussions with providers who had incorporated or included home-based sessions into their programs, suggested that these sessions often provided unique opportunities to support patients through challenging scenarios that would not be feasible in the office and often led to meaningful change (22). Further comparison of outcomes between clinic and home ERP, particularly within a pediatric OCD population, is needed.



Present Study

Incorporating these goals, the present study sought to implement a patient- and family-driven, flexible-dose model of intensive CBT delivery while randomizing families to receive care in home vs. hospital settings. In particular, the following aims were explored:

Specific Aim 1. To evaluate the efficacy of an intensive flexibly-dosed CBT program in reducing OCD-related severity, impairment, and family accommodation. Consistent with past evidence in support of intensive CBT, we hypothesized that the program would be associated with large treatment effects across primary outcomes.

Specific Aim 2. To examine the extent to which individuals utilized available treatment sessions across the protocol. Given past evidence of variability in response, we hypothesized that families would utilize differing proportions of available treatment sessions.

Specific Aim 3. To compare the efficacy, treatment utilization, and satisfaction between home and clinic settings. Given theoretical models and preliminary evidence, we hypothesized that sessions provided within the home would be associated with greater outcomes compared to sessions provided in a clinic setting.




MATERIALS AND METHODS


Participants and Procedures
 
Study Overview

The present study utilized a randomized controlled trial design to compare the utility of home/community vs. outpatient clinic setting delivery of intensive CBT for OCD-affected youth. The study was approved by the University of British Columbia Children's and Women's Research Ethics Board and registered in advance with ClinicalTrials.gov (NCT03672565; https://clinicaltrials.gov/ct2/show/NCT03672565). Figure 1 provides an overview of participant flow through study procedures.
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FIGURE 1. Flow chart of participants through study procedures.




Recruitment Procedures

Study information was disseminated to local clinicians and community organizations, via online advertisements, and to suitable patients who completed an assessment through the Provincial OCD Program (POP), a tertiary level specialty clinic for OCD at BC Children's Hospital. Upon initial contact, study procedures and inclusion/exclusion criteria were discussed with families. Those interested and determined as likely eligible provided parental consent and youth assent to participate. Families referred by the POP provided consent for their clinical assessment data to be utilized for the present study to minimize study burden. External families completed a telephone screen and, if still eligible, progressed to an in-person diagnostic assessment.



Eligibility Criteria

Participants were youth between 7 and 19 years of age with a primary diagnosis of OCD who were seeking treatment and lived within an hour's drive of the study site. In order to be eligible, youth and at least one parent had to be willing to participate in treatment regardless of group assignment. Youth were required to have at least moderate symptom severity as indicated by a total score of 16 or greater on the Children's Yale-Brown Obsessive Compulsive Scale (CY-BOCS) (23). Participants were excluded if they were identified as having other mental health challenges that were a higher treatment priority than OCD or that posed a risk to participation in the study (e.g., extreme reactions to distress, self-harm). Youth were required to be on a stable medication regime (i.e., at least 10 weeks since initiation of a new serotonin reuptake inhibitor (SRI) and/or at least 4 weeks since initiation or dose adjustment of any existing psychotropic medication) and were restricted from receiving other interventions during active study treatment.



Treatment Phase I

Eligible families were randomized to treatment setting. In order to reduce potential bias, a computer-generated list that maintained a 1:1 condition assignment ratio over blocks of 4 or 6 participants was utilized. Following randomization, participants entered the first phase of study treatment. In the first phase, families received 3 × 3-h sessions. The first session comprised completion of a baseline assessment and an introduction to treatment while the following two-sessions were focused primarily on treatment delivery (see section Treatment Description for specifics). This initial dose was selected based on evidence that a portion of youth experience meaningful response after similarly brief interventions (10, 16). At the study outset, all three sessions were completed within a 7-day period (n = 12); however, to address emergent feasibility concerns in this pilot trial (e.g., difficulty staffing, higher burden on families), sessions were transitioned to occur weekly (n = 14). Following completion of Phase I, participants completed online surveys and were assessed by an independent evaluator (IE) who was blind to participants' group assignment. Participants achieving remission (i.e., CY-BOCS score < 11) (24) were transitioned to the follow-up phase of the study, while youth who had not yet achieved remission were offered the opportunity to enter Phase II.



Treatment Phase II

Families transitioned to Phase II were eligible to access up to four additional 3-h treatment sessions. Dosing in the second phase was selected in an effort to balance practical considerations (e.g., resource allocation, participant flow) with evidence suggesting a portion of youth require more substantial support to achieve treatment response (9). Each week, at least 72 h (3 days) prior to a potential session, families indicated their preference between: (A) completing another session; (B) ending treatment and transitioning to follow-up; or (C) delaying the decision by 1 week. Each family was provided with two opportunities to delay the decision, following which they were required to either utilize any remaining sessions or transition to follow-up. This provided families with scheduling flexibility (e.g., holidays, time to evaluate progress) while ensuring participant progression through the study. It also closely aligns with standard practice patterns in community-based treatment. Following either utilization of all four additional sessions or an earlier decision to end treatment, participants completed online surveys and a second assessment with the IE before moving to follow-up.



Follow-Up Phase

In the month following treatment completion, families were provided with up to three 30-min phone calls focused on reviewing, developing, and problem-solving independent ERP tasks, identifying next steps and long-term goals, supporting access to post-study services, and relapse prevention. This approach was selected based on simplicity, feasibility, and timing to follow-up. One- and six-months following treatment completion, participants completed online surveys and an additional assessment with the IE. Following completion of the one-month assessment, participants were free to access any other treatment resources, including medication changes.




Measures
 
Demographic Information

Demographic information, as presented in Table 2, was provided by the primary caregiver organizing study participation on behalf of the youth. While a variety of response options were provided for demographic variables, Table 2 presents relevant categories based on endorsed responses.



Eligibility Assessment

Participant OCD symptoms and severity were assessed using the CY-BOCS (23) while presence/absence of comorbid disorders was assessed via either: (A) the Anxiety Disorders Interview Schedule for DSM-IV Child Version (ADIS-C) for Parent Report (25) administered by MA-level clinicians under the supervision of a PhD-level psychologist (for externally referred participants); or (B) a comparable semi-structured interview completed by a PhD-level psychologist with expertise in OCD and related comorbidities (for POP assessed participants). For all participants, diagnoses were confirmed via group discussions involving PhD-level psychologists and child and adolescent psychiatrists.



Outcome Measures

See Table 1 for a detailed overview of all outcome measures included in the present study.


Table 1. Outcomes measures included in the present study.
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Treatment Description

Study treatment was provided by masters-level clinicians under the supervision of the first author, a PhD-level psychologist with expertise in OCD-treatment.


Initial Session/Baseline Assessment

The first session focused on rapport building, baseline assessment of primary symptoms including re-completion of the CY-BOCS with the assigned study therapist, provision of psychoeducation, exploration of motivation and goal identification, treatment planning (hierarchy building), initial introduction to ERP, and homework planning. Youth and their parent(s) also completed baseline questionnaires online prior to the session.



Additional Sessions

Integrating current conceptualizations of evidence-based CBT for OCD (15, 37–39), subsequent sessions operated under the central principle that ERP is the key ingredient to effective treatment of OCD, while acknowledging that an individual must be willing to engage in the process for it to be effective (i.e., not coerced; not engaged in avoidance, distraction, or compulsions during ERPs). Consistent with this, treatment sessions focused primarily on ERP development, delivery, and homework planning, with flexibility to utilize other evidence-based cognitive-behavioral strategies to enhance engagement and address patient reluctance, avoidance, and non-compliance with homework (e.g., values identification, acceptance, distress tolerance).

Similarly, given extensive and varied impacts of OCD on family and the relevance of family variables to outcomes (e.g., accommodation, conflict) (28, 40–43), family members participated in homework review and planning at a minimum, with additional involvement (e.g., observation and participation in ERP) and direct support provided based on child developmental level and openness, as well as individual family needs. Common family supports included addressing accommodations, exploring and addressing relevant parent emotions and beliefs, behavior management skills (e.g., positive reinforcement, limit setting), and communication and relationship skills (e.g., validation, autonomy support).

Supplementary Table 1 provides an overview of average time spent on individual components per session as rated by the treating clinician following session completion. No significant differences were found between groups in regard to time spent on components.




Analytic Plan

Statistical analyses were conducted using R software version 4.0.2. Following calculation of baseline descriptive statistics for the entire sample and each treatment group separately, treatment effects on repeatedly-measured outcome variables were evaluated using linear mixed-effects models. The intention-to-treat principle was followed such that all randomized participants were analyzed according to their treatment group allocation. The outcome of interest was modeled as a change from baseline at each follow-up time point. Treatment condition, time point, child age at baseline, and baseline value on the outcome variable were included as fixed effects. Additionally, the interaction between treatment condition and time point was included to evaluate differences between groups at each follow-up time point. Each model included a random intercept. These analyses use restricted maximum likelihood estimation, and all randomized participants contribute to estimation of treatment effects regardless of whether they complete follow-up assessments. In the results section, we present the estimated change from baseline within each group, the estimated difference between each group at each follow-up time point, and the 95% confidence intervals for these estimates.

Three binary outcomes, based on established definitions of response and remission (24), were calculated and reported descriptively using counts and percentages at each time point and for each group: (1) the number of youth who demonstrated > 35% reduction in CY-BOCS score from baseline at each timepoint; (2) the number of youth who demonstrated > 55% reduction in CY-BOCS score from baseline at each timepoint; and (3) the number of youth whose CY-BOCS score < 11 at the timepoint. Prior to calculating these values, missing CY-BOCS scores at each post-baseline follow-up were imputed using predictive mean matching, in which baseline age, treatment group, and prior CY-BOCS score was used to estimate the missing CY-BOCS total. Given that significance testing was already conducted on the continuous CY-BOCS measure, these outcomes are presented in a descriptive manner, with no additional statistical testing completed in regard to these findings.

Self- and parent-reported treatment perspectives were assessed only once (either at 1-month follow-up or during the booster call), and therefore, between-group differences were evaluated using analysis of covariance, with baseline age as a covariate and treatment group as the effect of interest.




RESULTS


Sample Characteristics

Table 2 presents summary descriptive data for the entire randomized sample (n = 26) and separately for children randomly allocated to the Hospital setting group (“Hosp”; n = 14) and to the Home/Community setting group (“Home”; n = 12). The mean age at baseline was 14.1 years (SD = 2.5) and 52% of the sample identified as male. Generally consistent with local population demographics, the sample was composed of White and/or Asian families. No parents self-identified as having an OCD diagnosis.


Table 2. Baseline descriptive statistics for the full sample and within groups.
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Session Utilization

See Figure 1 for a detailed overview of session utilization and treatment decisions. Of the 26 youth who entered treatment, one youth in the hospital condition dropped out prior to completion of Phase I in order to resume treatment with their community provider while a participant in the home condition dropped out after utilizing two additional sessions in Phase II due to a desire to initiate medication given continued difficulty tolerating triggers, particularly outside of session (e.g., intense distress, aggressive behaviors). An additional two youth in the hospital condition were unable to complete the study due to interruptions associated with the onset of the COVID-19 pandemic and related restrictions. Of the remaining 22-youth who completed the study as intended, youth used a median 2.5 Phase II sessions [interquartile range (IQR): 1, 4], with a median of 2 in the hospital condition (IQR: 0.5, 4) and 3 in the home condition (IQR: 1, 4). Five youth (23%) utilized the minimum number of sessions while nine youth (41%) utilized all four additional sessions.



Treatment Outcomes

Supplementary Table 2 presents the observed mean scores and standard deviations for the 16 continuous outcomes at each time point for the Hospital and Home/Community groups. Figure 2 presents: (a) on the right half, the modeled change over time for the two treatment groups on OCD-related outcomes; and (b) on the left half, between-group difference at each of the follow-up time points for those same outcomes. As shown in the left half of Figure 2, for many of these outcomes there was a statistically significant change from baseline for both groups, indicated by mean estimates (dots) and confidence intervals (vertical lines) that do not cross the dashed horizontal line at zero. In particular, symptom severity, child impairment, family accommodation, and family functioning demonstrated significant improvements with relative consistency across setting assignment. Significant reductions in coercive/disruptive behaviors were also observed within the home, but not the hospital, condition (Figure 2, left half). In direct comparisons, no significant between-group differences were observed (Figure 2, right half).
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FIGURE 2. Change in OCD-related outcomes across timepoints and between groups. See Table 1 for a list of all measure abbreviations.


Figure 3 presents secondary outcomes in the same manner as OCD-outcome representation in Figure 2. Improvements in secondary domains were less robust or consistent, although results still suggested treatment was associated with reductions in avoidance, improvements in quality of life, and reductions in comorbid symptoms (e.g., anxiety/depression, attention deficit-hyperactivity disorder; ADHD).


[image: Figure 3]
FIGURE 3. Change in secondary outcomes across timepoints and between groups. See Table 1 for a list of all measure abbreviations.


Table 3 shows the proportion of youth within each group meeting standardized definitions of response and remission based on the CY-BOCS absolute scores and score changes. Differences between groups suggest more favorable outcomes within the home condition, particularly at 6-month follow-up.


Table 3. Levels of response and remission within groups at each time point.
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Treatment Satisfaction

Table 4 presents the between-group differences in treatment perspectives, as reported by ratings from the child and the average of two parents. As noted above, these data were collected only at one follow-up session. The program was rated highly overall by both youth and parents. Youth in the home condition rated treatment significantly more favorably in regard to ease of completion and pleasantness. In contrast, items related to recommending the program to others and supporting the program being made a permanent service were rated higher by parents in the hospital group. Youth and parents in the home condition were significantly more likely to report that they believed they benefited more in their assigned treatment setting than they would have in the other condition.


Table 4. Youth and parent perspectives regarding treatment with comparisons between groups.
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DISCUSSION

This randomized pilot study investigated the benefits of an intensive flexible-length CBT program while comparing outcomes across home and hospital setting delivery. Consistent with prior research, the intensive CBT program was efficacious, with large reductions observed across OCD-specific domains as well as modest benefits in more global domains (comorbid symptoms, quality of life). Observed differences in treatment session utilization levels across participants suggest that flexibility in treatment dosing is desirable and useful in optimizing levels of care based on individual need. Treatment was rated highly by participants overall. The present study provides further evidence that intensive CBT is a feasible, desirable, and efficacious form of treatment for pediatric OCD.

Both groups demonstrated comparable reductions in symptom severity and no between group differences were statistically significant. Youth in the hospital condition utilized a median of one fewer sessions than those in the home condition, which could indicate a faster rate of change, but may also have been influenced by youth's dislike for the hospital setting or reduced utility of remaining in treatment given more limited opportunities for ERP completion within the hospital setting. Although lower median session utilization within the hospital condition may play a role, close inspection of the data suggest some potential benefits associated with the home condition. In particular, reductions in coercive/disruptive-behaviors were significant within the home condition but not the hospital condition; the home condition demonstrated slightly larger improvements in youth- and family-functioning when rated by parents; and rates of response and remission favored the home condition, particularly by the time of 6-month follow-up. Youth and families within this condition may have benefited from additional opportunities to tackle symptoms and impairment within their natural environment and develop alternative systems of management/response, potentially enhancing generalizability and maintenance of learning. In contrast, families among the hospital condition initially demonstrated greater reductions in family accommodation, which may reflect how, when opportunities for specific-ERPs are limited by setting (e.g., touching the bed), clinicians instead can support families around reducing accommodations related to those symptoms and achieve positive outcomes. This trend was no longer evident at 6-month follow-up.

Despite limited between-group differences, youth in the home condition rated treatment more favorably (significant for easier and more pleasant), and both youth and their parents in the home condition were more likely to report that they believed they benefited more from being in their assigned condition than they would have in the alternative setting. In comparison, parents in the hospital condition appeared to rate treatment more positively (significant for recommending to others and belief that program should be a permanent service). Our clinical observations suggested that home conduct of sessions added particular value for certain participants (e.g., for whom primary triggers or impairments were focused within the home) while being less relevant to others (e.g., for whom primary triggers were internal or exhibited impairment in non-home settings). Without consideration of inter-individual contextual influences on OCD, the potential to identify benefits associated with home-treatment may be notably diluted. Overall, home-based work may increase participant buy-in and willingness, allow for more naturalistic experiences for patient/family learning, and have particular utility for context-dependent symptoms. Given this, a blended model that incorporates standard clinic-based service provision with occasional in-home/community ERP sessions, especially when relevant, may be optimal for minimizing costs/therapist burden while still capitalizing on potential benefits of home-based sessions.

The present study contributes to the growing body of evidence supporting a transition away from fixed-length individual treatment models toward patient-driven treatment and supports intensive CBT as a suitable format to provide tailored care. In particular, the extended session length facilitated in-home treatment provision and increased ERP engagement and practice, allowing for substantial within-session progress and rapid improvements within a short period of time. However, clinical observations and informal participant feedback indicate that greater flexibility (even beyond that offered in the current pilot study) is warranted. First, for families with limited scheduling flexibility, lower levels of impairment/immediate need, and/or higher levels of ambivalence, the 3-h format may be a barrier to accessing and/or continuing with treatment. As a result, the traditional 1-h session length may be optimal for many families. Second, we observed emergent challenges around treatment decisions when families had largely improved but still desired supports around specific symptoms that could not be effectively targeted in session (e.g., bedtime ritual). This challenge could likely be addressed by tapering down from 3- to 1-h sessions as symptoms improve. Third, while the total therapeutic dose in the present study was limited to a maximum of 22.5-h (7 × 3 h + 3 × 0.5 h), many families requested, and would likely have benefited from continued treatment or higher levels of care, as has been demonstrated previously (9, 17).

The following are limitations of the present study. First, eligibility assessments differed slightly depending on recruitment source which may have impacted determination of eligibility and identification of comorbid conditions. Second, given the use of a flexible treatment protocol, lack of a control condition, and limits to participant choices (e.g., no 1-h session options; defined maximum amount of treatment offered), the present study did not aim to assess superiority relative to standard weekly sessions, or to establish an optimal approach to dosing. Third, as a pilot trial, the study focused primarily on establishing the overall feasibility and efficacy of the treatment program (regardless of delivery method) and lacked power to detect smaller between group differences. Given some indications toward the potential benefit of home-delivered treatment (particularly when clinically-relevant), further study of this domain is warranted. Fourth, responding to feasibility concerns, Phase I session frequency was changed mid-study, potentially introducing an additional confound; however, the impacts of this confound should be equivalent across groups. Fifth, facilities used for treatment delivery within the hospital condition were limited and generally less comfortable or inviting than may be typical of community-based offices (e.g., medically oriented, small, undecorated). This may have contributed to less favorable perceptions within this condition, such as in regards to “pleasantness.” Finally, the extent to which findings may generalize to other groups may be limited by the characteristics of the sample (e.g., ethnicity, gender identity, caregiver type).

In summary, the results of the study support the conclusions that: (1) intensive CBT is an efficacious treatment for pediatric OCD that produces improvements in a wide variety of domains and is acceptable to patients and their families; (2) adjusting the amount of treatment provided based on patient need/preference is feasible and allows for flexible allocation of resources; and (3) although treatment setting was not found to have a major impact on outcomes, treating patients within their home environment may offer some additional benefits in generalizability and maintenance of gains as well as youth satisfaction. Continued efforts to develop and evaluate individualized approaches to the treatment of pediatric OCD are warranted.
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Background: Subtle differences in white matter microstructure have been found in obsessive-compulsive disorder (OCD) compared to controls using diffusion tensor imaging (DTI), but it is unclear if and how this change after treatment. The primary aim of this pre-registered study was to investigate white matter integrity between OCD patients and controls and changes after concentrated exposure and response prevention (ERP).

Methods: Fractional anisotropy (FA), radial diffusivity (RD), axial diffusivity (AD) and mean diffusivity (MD) were estimated using FMRIB Software Library (FSL). The images were registered to a study-specific template using a longitudinal pipeline based on full tensor information in DTI-TK. Voxel-based analysis was performed using tract-based spatial statistics (TBSS). Using SPSS, we compared the integrity in three bilateral regions of interest (ROI), the sagittal stratum, posterior thalamic radiation and cingulum, in 32 OCD patients and 30 matched healthy controls at baseline. Patients received a four-day concentrated ERP format. We investigated longitudinal changes in 26 OCD patients and 22 healthy controls at 3months follow-up using repeated-measures ANOVA. Exploratory t-tests were conducted for AD and MD. Secondary hypothesis used linear regression to investigate if baseline FA predict treatment outcome 3 months later, and if patients with illness onset before 18 years of age would show lower FA in sagittal stratum. Finally, we performed sensitivity analysis on medication and comorbidity influences on FA.

Results: Three months after treatment, 77% of the patients were in remission. Contrary to our hypotheses, we did not find any significant differences in FA, RD, AD or MD between the groups before treatment, nor significant group by time effects in any of the ROI. None of the baseline FA measures significantly predicted treatment outcome. Illness onset before 18 years of age did not significantly predict FA in the sagittal stratum. Adjusting for medication or comorbid anxiety or mood disorder did not influence the results.

Conclusions: Although concentrated ERP in OCD lead to high remission, we did not find significant long-term changes by DTI. Future studies will benefit from using larger sample sizes and multi-shell diffusion-weighted imaging when investigating white matter microstructure in OCD and underlying neurobiological mechanisms of treatment.

Keywords: obsessive-compulsive disorder, exposure and response prevention, white matter microstructural integrity, diffusion tensor imaging, tract-based spatial statistic


INTRODUCTION

Obsessive-compulsive disorder (OCD) characterized by intrusive, recurrent mental obsessions followed by various compulsive responses performed in the attempt to neutralize the discomfort (1), with a world-wide estimated prevalence of up to 2% combined with high rates of comorbidity (2). OCD is associated with abnormalities in the function and structure of cortico-striato-thalamo-cortical, fronto-limbic and fronto-parietal circuits (1). Diffusion tensor imaging (DTI) allows for modeling of white matter microstructure in white matter tracts connecting different regions and circuits in the brain (3, 4). Emerging results based on DTI data indicate that several white matter tracts may show lower integrity in OCD patients compared to controls as reflected in the measure of fractional anisotropy (FA) [e.g. (5)]. The FA value ranges from 0 to 1 and indicates the average diffusivity restriction in the voxel (6). Common DTI measures include mean diffusivity (MD), which is the average from all three of the tensor eigenvalues. Axial diffusivity (AD) is sensitive to the longest eigenvalue, while radial diffusivity (RD) represents the two shortest eigenvalues (6). Regarding the findings of white matter alterations in OCD, it remains to be determined if white matter microstructure features are stable, potentially underlying trait characteristics that contribute to the risk of developing OCD [e.g., (7)], or if they normalize once the patients recover [e.g., (8, 9)]. Longitudinal studies on white matter microstructure before and after successful treatment are therefore needed to better understand the pathophysiology of the disorder and the potential for treatment-related change.

Studies using DTI in OCD suggest that several white matter tracts may be affected in the disorder. The Enhancing NeuroImaging Genetics through Meta-Analysis (ENIGMA) OCD Working Group used harmonized image processing and tract-based spatial statistics on DTI data from 700 adult patients, 645 adult controls, 174 pediatric patients and 144 pediatric controls from multiple sites (5). Using meta-analysis, the authors reported lower fractional anisotropy (FA) in the posterior thalamic radiation and sagittal stratum in adults with OCD. OCD patients also showed higher RD in these regions, but this did not survive correction for multiple comparisons. No significant group differences were found for AD or MD. Lower FA in the sagittal stratum in adult OCD patients was associated with younger age of illness onset, longer illness duration, and a higher percentage of medicated patients in the included cohorts. These findings could either indicate an illness specific trait or might be caused by long-term living with the illness (5). A whole-brain meta-analysis of studies using voxel-based analysis (VBA) on white matter volume and FA found the most pronounced alterations (increased volume and reduced FA) in parts of the corpus callosum body and cingulum, primarily in adult OCD patient (10). Recent studies have further corroborated the finding of lower FA in the cingulum (11–13) along with findings of higher radial diffusivity (RD) (12, 13).

Cognitive-behavioral therapy (CBT), including exposure and response prevention (ERP), are effective treatments for OCD (14–16). Previous studies combining neuroimaging and CBT in OCD have found changes after treatment in gray matter volume, resting-state connectivity, and brain activation during symptom provocation, as well as in glutamate levels or other spectroscopy derived neurometabolites [e.g., (17–24)]. However, the findings are heterogeneous and often not replicated. Only one previous study has applied DTI before and after CBT. In this study, FA increased in medial and ventral prefrontal regions, medial temporal gyrus, and decreased RD in the right posterior internal capsule after 12 weeks of CBT in 56 unmedicated OCD patients (25). One SSRI treatment study found decreased RD in the left stratum after 12 weeks in 27 patients (8), while another with 13 patients found decreased FA in the posterior thalamic radiation (9). Together, these treatment studies suggest that clinical improvement may be related to changes in white matter microstructure, but the findings are inconsistent regarding the location, magnitude and direction of changes after treatment.

In the present study, we first compared FA values between OCD patients and demographically matched healthy controls the day before treatment. Patients took part in concentrated ERP over four consecutive days, called the Bergen 4-Day Treatment (B4DT), while healthy controls received no intervention. Both groups were re-scanned after 3 months, which provided an opportunity to detect white matter changes after a period of normalized living when most patients were in remission. Based on previous findings (5, 8–10, 25), we hypothesized to find lower FA in the cingulum bundle, sagittal stratum, and posterior thalamic radiation at baseline in OCD patients vs. healthy controls, along with higher RD in the same regions. We expected OCD patients to show an increase in FA in the cingulum, sagittal stratum, and posterior thalamic radiation 3 months after treatment, while we expected no changes in the healthy controls. We also expected that these tracts would show decreased RD after treatment in OCD patients. Changes in FA and RD were expected to be related to improvements in symptom severity. Finally, we hypothesized to find lower FA in the sagittal stratum of patients with illness onset before the age of 18 compared to patients with onset after 18 years (5). The hypotheses and analyzes plan were preregistered at the Open Science Foundation (https://osf.io/vufg8). We performed exploratory analyzes of all regions in the JHU atlas at baseline and after 3 months to explore potential group differences in regions outside the regions of interest, and to allow for future meta-analysis. We also explored if baseline FA and RD in the regions of interest predicted change in Y-BOCS 3 months after treatment using linear regression.



MATERIALS AND METHODS


Sample

Thirty-five patients were recruited from a specialized outpatient clinic at Haukeland University Hospital, Bergen, Norway. Thirty-one diagnosis-free controls were recruited via bulletins and email from the local community. The inclusion criteria were 18 years or older, fluency in Norwegian, no known neurological conditions, and for patients, a primary diagnosis of OCD with a score ≥16 on the Yale-Brown Obsessive-Compulsive Scale (Y-BOCS) (26). Patients were excluded if primary symptoms were substance abuse, hoarding, active bipolar or psychosis symptoms, suicidal ideation, intellectual disability, or unwillingness to refrain from psychoactive substances such as benzodiazepine and/or alcohol before or during therapy, as well as contraindications to MRI. All OCD patients were offered the treatment as part of ordinary public mental health care. The study was approved by the Regional Ethics Committee for South-Eastern Norway (2015/936) and all participants provided informed written consent before participation in line with the declaration of Helsinki.

The final sample included 32 OCD and 30 healthy controls at baseline, and 26 OCD patients and 22 controls at follow up (see Figure 1). Two patients dropped out from the first scanning because of claustrophobia and one declined the diffusion-weighted imaging. At follow-up, three patients declined further scanning, two were pregnant and one was excluded from further scanning due to reading impairment that interfered with cognitive testing not part of the present study. Eight of the controls were not invited back for longitudinal scanning, in line with planned study design.


[image: Figure 1]
FIGURE 1. Flowchart of participation over the timespan of the study. This includes from pre-study exclusion to baseline, 1 week after treatment, dropouts, and 3 months after treatment scanning.




Clinical Assessment

All patients were diagnosed using the Structured Clinical Interview for DSM-IV Axis I Disorders (SCID-I) (27). Self-reports of depressive symptoms were measured with the Patient Health Questionnaire (PHQ9) (28), anxiety symptoms were measured using the Generalized Anxiety Disorder (GAD-7) (29). Obsessive-compulsive symptom severity in patients was assessed using Y-BOCS (26) by trained raters. A total Y-BOCS score below 13 was used as the cut-off for clinical remission after treatment, while a reduction of 35% or more indicate clinical response (30).



Treatment

The patients underwent a concentrated ERP treatment (ERP) format termed the B4DT program. In this format, the first day of treatment is allocated to psychoeducation and preparation, followed by 2 days of ERP in various contexts, interspersed with group meetings. The last day consist of summarizing the treatment, planning how the patient can integrate the change into their everyday life, and relapse prevention. On the third evening, family and friends are invited for a lecture on how to support the patient in the future. Trained therapists deliver this over four consecutive days with a 1:1 ratio between patients and therapists. The results in clinical practice and randomized controlled trials suggest a remission rate of around 70% (31–34), and recovery rates are retained 4 years after treatment (35).



MRI Acquisition

We performed scanning on a 3T General Electric Discovery MR750 (GE Healthcare, Milwaukee, Wisconsin, USA) using an eight-channel head coil at Haukeland University Hospital, Bergen. We performed single shell diffusion weighted imaging (DWI) with 30 diffusion-weighted (b = 1,000 s/mm2) and six non-diffusion-weighted volumes (b = 0 s/mm2). Images were acquired using a 128 × 128 matrix, TR = 14s, TE = 90 ms, flip angle = 90°, 51–69 slices depending on head size, slice thickness = 2.4 mm, slice gap = 0 mm, in-plane resolution = 1.72 × 1.72 mm.


Diffusion MRI Processing

The diffusion-weighted data were first denoised using MRtrix (36), followed by corrections for motion within and between volumes and eddy-current induced distortion (37, 38) in FMRIB Software Library [FSL, version 6.0.1; (39)]. The images were visually quality controlled for artifacts and abnormalities. FA, RD, AD and MD maps were computed by fitting a diffusion tensor model to the corrected diffusion data using FSL DTIFIT, followed by visual quality control of the fit of the principal diffusion direction (λ1). DTI-TK was used to non-linearly register DTI images using full tensor information following a protocol developed by Keihaninejad and colleagues (40, 41). This involved generating a study-specific template by first registering each subject's DTI images from each time point to each other and then calculating a mean image of the two. The mean images were used to create the study template. In cases where participants had no follow-up data, we used the baseline scan in the template's creation. Each native image per subject was then diffeomorphically registered to the common study-specific template. Tract-based spatial statistics [TBSS; (42)] was used to create a mean skeleton representing the locally maximal value (43) and threshold was set to FA > 0.2. Each participant's FA, as well as AD, MD and RD data was then projected onto the skeleton. To define the ROIs, FSL FNIRT was used to non-linearly register the Johns Hopkins University (JHU) ICBM-DTI-81 white-matter labels atlas (JHU-ICBM-labels-1 mm) to the study template, as recommended by Mahoney and colleagues (44). The registered atlas was eroded by 2 mm for optimal overlap with the major white matter tracts, which was visually inspected for all participants. We when created a binary mask containing the bilateral dorsal and ventral cingulum bundle, sagittal stratum, and posterior thalamic radiation from the JHU atlas (see Figure 2).


[image: Figure 2]
FIGURE 2. Preprocessing and analysis steps: (A) Image of principal diffusion direction from diffusion tensor estimation. (B) Flowchart for the pipeline for registration of the DTI data into a study-specific template to align the images onto a common space. (C) Visualization of JHU atlas registration onto a study template, which was further used to locate the regions of interest. (D) Chronologically ordered listing of pre-processing and analysis steps used in the current study.




Statistical Analysis

Tract-wise differences in FA, RD, MD and AD between the groups were tested using non-parametric permutation tests in randomize (45). Statistical threshold was set at family-wise corrected p < 0.05 using threshold-free cluster enhancement (TFCE) with 5,000 permutations (46). We compared the FA, AD, MD, and RD in the ROIs between OCD patients and healthy controls at baseline and 3 months follow-up using two independent t-tests with age and sex as covariates. We used linear regression in FSL's randomize to investigate if FA or any of the other diffusion values at baseline were predicted by clinical change. This was modeled using the mean DTI values as the dependent variables and mean centered Y-BOCS score after 3 months, centered pre-treatment-YBOCS score, and centered age added as covariates.

We extracted the mean values for FA, RD, MD, and AD from all regions of the JHU atlas for further analyzes in IBM SPSS Statistics version 26. Here, we examined the differences in regional FA, RD, MD and AD between OCD patients and controls by independent sample t-tests at baseline and at 3 months follow-up, and calculated Cohen's d as a standardized effect size (see results for FA in Supplementary Material). For each ROI we then used a two (group: OCD vs. HC) by two (time: baseline vs. 3 months follow-up) repeated-measures ANOVA to analyze the main effects and the group by time interactions in 26 OCD patients and 22 healthy controls, along with age and sex as covariates. Partial eta squared ([image: image]) was calculated to show the explained variance by each contrast. We applied the Benjamini-Hochberg False Discovery Rate correction (FDR) per contrast in the repeated-measures ANOVAs to reduce the type I error rate. For paired t-tests, we calculated Cohen's d as [image: image] (47). We used independent samples t-tests to compare the mean FA in the bilateral sagittal stratum for patients with a childhood-onset of OCD (<18 years) vs. adult-onset (≥18 years) of disease. For the 26 OCD patients with data at both time points, we used a linear regression to explore if OCD onset was related to changes in FA in the sagittal stratum over time. We used linear regression to investigate the relationship between change in FA and RD in the ROIs and change in Y-BOCS from baseline to 3 months after treatment, co-varying for baseline Y-BOCS scores. The p-values for the coefficients for change in FA and RD were separately corrected using FDR. Four patients and two healthy controls had some missing clinical measures (see Supplementary Materials for details). Missing data were estimated using expectation maximization with 25 iterations (See more information on missing values in Supplementary Material). Available information across all three time points were used to replace the missing values (48).





RESULT


Demographics and Clinical Characteristics

OCD patients (n = 32) and healthy controls (n = 30) were matched on age, sex, handedness, and education (Table 1). The mean age of the OCD patients was 30.25 (SD = 9.01) with 62.5% females. The mean age of the controls was 31.03 (SD = 10.50) and 63.3% females. Before treatment, eight (25%) of the patients were using medication, and all continued using medications throughout participating in the study (see Table 1 for all medications). Fifteen (46.9%) had a comorbid anxiety disorder and eleven (34.4%) had a comorbid mood disorder (see Table 1 for details). Fourteen (43.8%) of the patients were diagnosed with OCD before the age of 18.


Table 1. Demographics and clinical characteristics in the sample.

[image: Table 1]

A repeated-measures ANOVA of Y-BOCS scores in the OCD patients showed a significant effect of time (F(1.636,40.894) = 129.148, p < 0.001, [image: image] = 0.838) (Table 1). Paired t-test in the OCD patients showed a large decrease in symptom severity 1 week after treatment (t(25) = 12.893, p < 0.001, 95%CI [14.026, 19.359], d = 3.92), with no significant change between 1 week and 3 months after treatment (t(25) = 0.131, p = 0.897, 95%CI [−1.699, 1.930], d = 0.16) (Table 2). Three months after treatment, 20 (76.9%) patients were in remission, three (11.5%) responded, and three (11.5%) showed no clinically significant change.


Table 2. Repeated measures ANOVA results for mean FA in OCD patients (n = 26) and healthy controls (n = 22).

[image: Table 2]

Repeated-measures ANOVA for PHQ9 showed a significant effect of time (F(2,50) = 5.367, p = 0.008, [image: image] 0.177). Paired t-tests showed significantly decreased depression scores from baseline to 1 week after treatment (t(25) = 2.667, p = 0.013, 95%CI [4.247, 2.667], d = 0.41), with no significant change between 1 week and 3 months after treatment (t(25) = −0.413, p = 0.683, 95%CI [−1.547, 1.030], d = −0.05) (Table 2).

Repeated-measures ANOVA for GAD7 showed a significant effect of time (F(1,1.414,50) = 26.006, p < 0.001, [image: image] = 0.510). Paired samples t-test showed significant decrease in anxiety scores from baseline to 1 week after treatment (t(25) = 5.929, p < 0.001, 95%CI [2.544, 5] d = 0.15) with no significant change between 1 week and 3 months after treatment (t(25) = 1.808, p = 0.083, 95%CI [−0.116, 1.780], d = 0.20) (Table 2).

Repeated-measures ANOVA in healthy controls showed no significant effects of time for depressive (F(2,1.537) = 0.703, p = 0.470, [image: image] = 0.032) or anxious symptoms (F(2,42) = 0.151, p = 0.860, [image: image] = 0.007).



Pre-registered DTI Analyzes

TBSS analyzes did not indicate any significant differences in FA or RD between OCD patients and healthy controls at baseline or 3 months after treatment in for the ROIs. Whole-brain analyzes at uncorrected p < 0.001 did not reveal any significant findings.

No significant effects of group, time, or group-by-time interactions in the repeated-measures ANOVAs survived after correction for multiple comparisons in the 26 OCD patients and 22 healthy controls (Table 2).

We did not find any significant association between baseline FA in the ROIs and change in Y-BOCS 3 months after treatment using linear regression in FSL randomize or SPSS (Tables 3, 4).


Table 3. Linear regression results for change in mean FA with change in Y-BOCS in the OCD patients (n = 26).

[image: Table 3]


Table 4. Linear regression results for change in mean RD with change in Y-BOCS in the OCD patients (n = 26).

[image: Table 4]

Linear regression models did not find a significant relation between illness onset before vs. after 18 years of age and FA in left (beta = 0.132, 95% CI [−0.023, 0.43], p = 0.748) or right sagittal stratum (beta = 0.260, 95% CI [0.008, 0.45], p = 0.168). Age was entered into both models as a covariate, and was not significantly related to FA in left (beta = 0.132, 95% CI [−0.002, 0.001], p = 0.500) and significantly related to FA in right sagittal stratum (beta = −0.564, 95% CI [−0.004, −0.001], p = 0.005


Exploratory Analyzes

In SPSS, we compared the extracted means for AD, MD, and RD in the ROI in OCD patients vs. healthy controls at baseline and after months (see Figures 3 and 4 for mean FA). None of the results survived after correcting for multiple comparisons (see Supplementary Tables 1–11).


[image: Figure 3]
FIGURE 3. Mean fractional anisotropy (FA) values for each region of interest in patients and controls before treatment.



[image: Figure 4]
FIGURE 4. Mean fractional anisotropy (FA) values for each region of interest in patients and controls after treatment.




Sensitivity Analyzes

A series of t-tests were performed to investigate if comorbid anxiety or mood disorders and medication status in the OCD patients were related to FA in any of the ROI, but no tests were significant after FDR-correction (see Supplementary Tables 12–14 for results).





DISCUSSION

The present longitudinal study investigated white matter microstructure in OCD patients before concentrated ERP and 3 months after treatment and compared these white matter integrity measures in patients with healthy controls re-scanned at the same time point. Contrary to our hypotheses, we did not find any significant differences in mean FA or RD between OCD patients and controls in the bilateral posterior thalamic radiation, sagittal stratum, dorsal and ventral cingulum at baseline or 3 months after treatment. We did not find any significant differences in FA in the sagittal stratums between patients with illness onset before vs. after 18 years of age. The clinical results showed that 77% of the patients were in remission 3 months after treatment. Contrary to our hypotheses, the OCD sample did not present white matter alterations before treatment. The planned repeated-measures ANOVAs where nevertheless carried out to determine if stable group differences emerged with the greater statistical power afforded by two time points, or if OCD patients would show any compensatory changes. However, we found no significant evidence of either. Therefore, we conclude that white matter measures did not change after successful treatment response. Our exploratory analysis did not find influence on the results when adjusting for medication or comorbid anxiety or mood disorders. Analysis on AD, MD and RD did not reveal any group differences before or after treatment after correcting for multiple comparisons.

In contrast to previous cross-sectional studies and meta-analyzes, we did not find any group differences in the white matter tracts. Similar to the previous treatment studies, the meta-analyzes of OCD patients vs. controls differ in study inclusion and how images were processed. Piras and colleagues (5) applied meta-analyzes on both published and unpublished data in the ENIGMA OCD working group. Here, DWI were first processed and analyzed in FSL using a common pipeline across sites. They then submitted summary statistics per tract to meta-analysis. In comparison, Radua et al. (10) performed meta-analysis on published data using voxel-based analysis (VBA) and found markedly more widespread FA abnormalities. Interesting to note, a recent meta-analysis found that studies on OCD using TBSS reported fewer significant findings compared to those applying VBA on DTI (49). However, the report of less significant findings when applying TBSS contra VBM suggests that the location and magnitude of white matter abnormalities in OCD may be influenced by several factors, including the choice of image processing and analysis method.

Psychological and pharmacological treatment studies in OCD using DTI investigating changes in white matter microstructure after treatment have produced mixed results as summarized in the introduction. Thus, there seem to be few common findings (5, 8–10, 13, 25). This, together with the null findings of the present paper, suggests that changes in white matter microstructure after treatment are subtle and require large sample sizes to find significant effects. However, variation in rates of comorbidity, medication use, and symptom severity in the present study compared to previous studies may also contribute to the spurious results.

Besides variability in clinical, demographical and data processing methods between studies, the biological non-specificity of DTI limits most studies. For example, DTI cannot separate intra- and extracellular restricted diffusion, and is limited in regions with crossing, diverging and converging fibers (3, 4, 10). Drawn from our DTI results, we suggest that successful treatment may not depend on or lead to major changes in white matter detectable by the applied method. Future studies could apply multi-shell diffusion-weighted imaging in combination with advanced diffusion models, which are better able to separate crossing fibers and thus may reflect the biological processes more accurately (6).

Various usage of image processing and statistical analysis tools is a challenge in comparing previous results and the present study. The three previous treatment studies directly applied image registration to a standard space separately for each subject and time point, followed by voxel-based analysis using lenient statistical thresholds (8, 9, 25). The use of lenient threshold might signal how the changes are likely subtle. Voxel-based morphometry is found to have a higher risk of poor registration than TBSS. This is often solved by smoothing the FA images, which results in less anatomical precision (42). The use of TBSS may alleviate some of these issues, although there is some evidence that the default settings and normalization to standard space using FA images may not be optimal (43). We therefore applied image registration using full tensor information in DTI-TK, which has been shown to result in fewer misregistered voxels in white matter (43). Furthermore, image registration methods that do not account for the longitudinal nature of the data may result in poorer overlap in standard space, which may further result in spurious findings (40, 43). We therefore applied a validated longitudinal pipeline, which has been shown to result in better registration and higher test-retest reliability (41).

The present study is limited by its sample size, which although comparable to previous treatment studies, is not powered to detect the subtle differences between OCD patients and healthy controls. The study may also be underpowered to answer our secondary hypothesis that patients with an illness onset before 18 years of age would show lower FA in the sagittal stratum. Another limitation for finding predictors of treatment outcome is the high rates of remission, which reduces the explainable variation. However, this makes the study more likely to detect the hypothesized changes in the OCD patients 3 months after treatment on a group-level. Furthermore, the lack of a waiting-list group prevents us from comparing the natural course of white matter microstructure to that concentrated ERP treatment in OCD.

In conclusion, our results suggest that successful concentrated ERP may not lead to or depend on major changes in white matter microstructure detectable by DTI. However, the small sample size may have hindered the detection of subtle baseline group differences and changes over time. Taken together with previous mixed results, we suggest that larger sample sizes, rigorous analyzes, and high quality imaging processing is needed to reliably detect white matter microstructural differences between patients and controls, as well as changes after treatment.
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Background: Thalamic volume measures have been linked to obsessive-compulsive disorder (OCD) in children and adolescents. However, it is unclear if alterations in thalamic volumes occur before or after symptom onset and if there is a relation to the presence of sub-clinical obsessive-compulsive symptoms (OCS). Here, we explore the relationship between OCS and the rate of thalamic volume change in a cohort of children and youth at high risk to develop a mental disorder. A secondary aim was to determine if there is a relationship between OCS and the individual's OCD polygenic risk score (OCD-PRS) and between the rate of thalamic volume change and the OCD-PRS.

Methods: The sample included 378 children enrolled in the longitudinal Brazilian High-Risk Cohort for Mental Conditions. Participants were assessed for OCS and the symmetrized percent change (SPC) of thalamic volume across two time-points separated by 3 years, along with the OCD-PRS. Zero-altered negative binomial models were used to analyze the relationship between OCS and thalamic SPC. Multiple linear regressions were used to examine the relationship between thalamic SPC and OCD-PRS.

Results: A significant relationship between OCS and the right thalamus SPC (p = 0.042) was found. There was no significant relationship between changes in thalamic volume SPC and OCD-PRS.

Conclusions: The findings suggest that changes in the right thalamic volume over the course of 3 years in children may be associated to OCS. Future studies are needed to confirm these results and further characterize the specific nature of OCS symptoms associated with thalamic volumes.

Keywords: obsessive-compulsive disorder, MRI, thalamus, obsessive-compulsive symptoms, polygenic risk score, OCD-PRS, neuroimaging


INTRODUCTION

Obsessive-compulsive disorder (OCD) is a common, chronic and potentially disabling condition (1). Obsessive-compulsive symptoms (OCS) are linked to OCD both by epidemiological and genetic studies, and have been associated with distress and impairment at the subclinical level (2, 3). Subclinical OCS in childhood increase the risk of full-blown OCD in adulthood (4). A recent study found a lifetime prevalence of OCS in children and adolescents from 11 to 21 years-old of 38.2% and the prevalence of OCD of 3% (5). The OCS prevalence varies from 8.7 to 38.2%, depending on the population and methodology used (2, 4–7). Only a minority of individuals with OCS in the community fulfill diagnostic criteria for OCD, and, indeed, the prevalence of OCD is much lower (2–3%) than OCS when both are assessed in the same sample (4, 5).

Cortico-striato-thalamo-cortical circuitry (CSTC) has been consistently implicated in the pathobiology of OCD both from animal models and neuroimaging studies (8, 9). It is hypothesized that alterations in CTSC circuits involved in sensorimotor, cognitive, affective, and motivational processes contribute to the pathophysiology of OCD (8, 10). It is likely that the same circuit is involved in OCS for individuals with subclinical OCD (11, 12). The thalamus, as part of this circuitry, is a region that has been repeatedly examined in both human and animal studies. There have been consistent findings of structural alterations in the thalamus of OCD patients in both adults and children. While four earlier meta-analyses and one mega-analysis showed no difference in thalamic volume between OCD patients and healthy controls (HC) (13–17), these studies combined adults and children and more recent work suggests that there may in fact be an association. A worldwide mega and meta-analysis from the ENIGMA-OCD Working Group reported increased thalamic volumes in unmedicated children with OCD, but no differences were seen in adult patients (18). A recent study found increased thalamic volumes in children from the community with probable OCD (19). An additional meta-analysis combining both children and adults reported that increased thalamic volumes were associated with OCD (20).

Given this literature, the thalamic volume has emerged as a potential candidate for an endophenotype for OCD and potentially OCS; however, this still needs further investigation. An endophenotype is a biological or psychological trait that is in the causal chain between genetic susceptibility and disease expression. Specific criteria have been proposed to define endophenotypes, such that the trait needs to be: associated with illness, heritable, primarily state independent, co-segregate within families, and found in unaffected family members at a higher rate than in the general population (21). Although the thalamus has been implicated in the neurobiology of OCD, it is still unknown if the thalamic alterations are related to the genetic risk for OCD, if they precede or develop after symptom's expression or if they develop after the full syndrome is present. Prospective cohorts are ideal to clarify these issues and add to the understanding of thalamic volume as an endophenotype for OCS. There is evidence that during brain development, the thalamus follows a curvilinear trajectory of volume change (22). The trajectory peaks at 13.8 years in females and at 17.4 years in males (23). Previous studies assessing thalamic volume on OCD or OCS have been limited to cross-sectional samples. To date, there is little evidence if the alteration in thalamic volumes seen in OCD and OCS are due to different trajectories that occur during childhood and adolescence or due to higher baseline volumes. It is possible that children at risk for OCD have an altered thalamic trajectory leading to the increased thalamic volume reported in unmedicated children with OCD (18). As most studies, such as the ones included in the ENIGMA mega and meta-analysis (18), are cross-sectional, the higher volumes could be related with steeper slopes leading to higher thalamic volume.

It is widely known that genetics play an important role in mental disorders. Although heritability for OCD is not very high (~0.47), it still indicates that genetic factors contribute to the etiology of this disorder (24). The heritability of OCS is reported to be 0.40, indicating that it also has a genetic basis (25, 26). Polygenic risk scores (PRS) have emerged as a potentially valuable tool for assessing genetic risk and can be useful for testing the relationship between genetic risk and endophenotypes. For common polygenic conditions like Alzheimer disease, coronary artery disease and type 2 diabetes mellitus, the PRS are being studied as a useful tool for prioritization of preventive interventions and screening, prediction of age of disease onset, benefit from lifestyle modifications and changes in clinical decision-making (27). PRS are computed from genome wide association studies (GWAS). PRS is a weighted sum of the number of risk alleles carried by an individual, in which the risk alleles and their weights are defined by the loci and their measured effects as found by GWAS (27). Genetic overlap between OCD and OCS is suggested by the fact that PRS based on OCD GWAS data significantly predicted OCS (3, 26).

A prospective longitudinal study enriched for children at risk for developing OCD is an ideal approach for studying the development, genetic risk, and neurobiology of the disorder. There are many studies comparing the neurobiology of OCD and healthy controls, but prospective longitudinal studies on the development of OCD are rare. The Brazilian High-Risk Cohort for Mental Conditions is an ongoing study that has prospective data on genetics, neuroimaging, and psychopathology. Data from the cohort was used here to study the OCS phenotype prospectively in a community-based sample.

We hypothesized that youth with subclinical OCS from a community sample and youth with genetic risk for developing OCD would have an altered rate of thalamic volume change, with slower decrease or faster increase of thalamic volume. More specifically, we hypothesized that thalamic volume symmetrized percent change (SPC) would be related to the presence and intensity of OCS in children in the follow-up. A second hypothesis was that OCS would be related to OCD-PRS. A third hypothesis was that the thalamic volume SPC would be related to OCD-PRS.



METHODS


Participants

A subsample of the participants from the Brazilian High-Risk Cohort for Mental Conditions was included in this analysis (28). The study was submitted and approved by the Ethical Committee of the University of São Paulo. All parents signed informed consent and children provided verbal assent. Details about the cohort can be found elsewhere (28). In 2010, children from 6 to 14 years old from 57 schools in the cities of São Paulo and Porto Alegre were enrolled in the study based on their risk for mental disorders. A subsample of 750 children completed a scanning protocol. After quality control assessment, the final subsample for the current report consisted of 732 children. The baseline evaluation included a structured household interview with a biological parent, acquisition of T1-weighted brain magnetic resonance imaging (MRI) in two centers using a 1.5T General Electric Scanner and blood samples collection. After 3 years, parents were once again interviewed, and children were interviewed for psychiatric symptoms by certified psychologists. After the psychopathological assessment, participants were invited to complete another scanning session. Retention at follow-up was 90% for the psychopathological measures. In total, 378 children were included in the analysis in the present study as they were scanned in both waves of the data collection and had viable data for analysis. The primary reason some children could not undergo scanning at the second time point was due to fMRI contraindications (e.g., wearing braces), with issues such as refusal or loss to follow-up only explaining a minority of the missing wave 2 imaging data.



Obsessive-Compulsive Symptoms

Psychiatric diagnosis was assessed using the Brazilian Portuguese version (29) of the Development and Well-Being Assessment (DAWBA) (30). This structured interview was administered to biological parents by trained lay interviewers on baseline and follow-up and to children by certified psychologists on follow-up. The interview information was then scored by trained psychiatrists who were supervised by a senior child psychiatrist to generate DSM-IV diagnosis. There were only a few participants of the cohort that developed sufficient OCS to meet the DSM-IV criteria for OCD. From the 378 children, only 1 child was diagnosed with OCD at baseline and 5 at follow-up. A dimensional score for OCS was computed using answers from the youth at follow-up using the 9 items from section F of the DAWBA (Supplementary Material). Each item is scored from 0 (no), 1 (a little) to 2 (a lot). A total score was calculated by summing the 9 items, resulting in a total OCS score from 0 (no symptoms) to 18 (maximum symptoms).

OCS score was built based on the DAWBA assessment of youth at follow-up because that was the only measurement of self-reported symptoms. The OCS score was used as the dependent variable in the hurdle models. A score for baseline OCS was computed to be used as a control variable. The baseline OCS score was computed using the same approach as the OCS score but only included information from the guardian.

An additional analysis was performed using the obsessive-compulsive (OC) factor score recently published by our group (31). Briefly, OC factor score combining information from parents and children on the follow-up was built under the Bartlett's method. The OC factor score included information from three sources: the DAWBA assessment of youth, DAWBA assessment with information from parents and Child Behavior Checklist (CBCL) information from parents. In that study, a baseline OC factor score was computed based on information only from parents combining DAWBA and CBCL. These previously reported OC factor scores were used in the mixed effects model considering that they may represent the same latent variable.



Neuroimaging

Identical imaging protocols were used in both sites with 1.5-T MRI scanners (GE Signa HDX and GE Signa HD; GE, USA). At follow-up, children were rescanned in the same scanner as baseline at each site. T1-weighted scans (three-dimensional fast spoiled gradient sequence) used the following parameters: 160 axial slices for whole brain coverage, TR = 10.9 ms, TE = 4.2 ms, thickness = 1.2 mm, flip angle = 15°; matrix size = 256, FOV = 24 cm, and NEX = 1. Imaging acquisitions were repeated whenever participants moved during the procedure in order to ensure that optimal quality was obtained.

The T1-weighted scans were processed using FreeSurfer version 6.0. The longitudinal processing stream of Freesurfer was used to reduce variability and avoid over-regularization (32). The thalamus was selected as the region of interest and thalamic volume was computed using the automated subcortical segmentation stream of Freesurfer (33). For assessing the longitudinal change in thalamic volume, the Symmetrized Percent Change (SPC) rate computed in FreeSurfer was used. The SPC is computed using the formula: SPC = 100 * rate/average. Rate corresponds to the difference in volume per time unit, so rate = (volume 2 – volume 1)/(time 2 – time 1). Average corresponds to the average volume: average = 0.5 * (volume 1 + volume 2). The SPC could be negative, zero, or positive.



Polygenic Risk Score

From the subsample of 378 children who had both time-points of brain imaging, 364 were genotyped. Genomic DNA was isolated from saliva (Oragene) using prepIT-L2P reagent (DNAgenotek). Genotyping was performed using the Global Screening Array (Illumina). Single-nucleotide polymorphisms (SNPs) with a minor allele frequency <1%, locus missingness >10%, or Hardy-Weinberg equilibrium significance <0.000001 were excluded, as were individuals with genotype missingness >10% and an estimation of identity by descent >0.12.

OCD polygenic risk scores (OCD-PRS) were calculated with the PRSice V2 software package (34), using as a training sample the summary statistics of the meta-analysis from the two OCD consortia, totalizing 2,688 cases (35–37). For the main analyses, p-threshold of 0.476 was selected, which contained 97,413 independent SNPs in the training and target samples. This p-threshold was pointed by PRSice V2 as the most correlated with OCS in our sample.



Statistical Analysis

The variable OCS was zero inflated, with ~44% of the sample endorsing no symptoms of OCD in the DAWBA at follow-up (Figure 1). Given that, and considering that the OCS variable was skewed and over dispersed (the variance is almost 4 times the mean), we selected a model to deal with zero inflated data. A zero altered negative binomial model (ZANB)—also known as hurdle model or two-part model—was used (38). The Negative Binomial model was selected over Poisson because the latter assumes the variance is equal to the mean with equi-dispersion. After running the two models and comparing them with the likelihood ratio test of nested models (implemented in “r” package “lmtest”), there was significant evidence for a better fit of the Negative Binomial model compared to Poisson regression model (df = 1, χ2 = 137.2, p < 0.0001). The hurdle model considers that the entire group of participants is at risk for the event under study and that all zeros are generated from a single process (39). Hurdle models consist of two parts. In the first part (zero-hurdle), the data are considered as zeros vs. non-zeros and a binomial model is used to model the probability that a zero value is observed (40). In the second part (count), the non-zero observations are modeled with a truncated negative binomial model. Two ZANB models were built: one for the left and one for the right thalamus. The models included the OCS as dependent variable, thalamic SPC as the independent variable and age at follow-up, sex, any psychiatric comorbidity (excluding OCD), and site as covariates. The same variables were included in the zero-hurdle and count components of the models. To control for baseline OCS, a model was built with the same variables listed above, but including OCS at baseline as an independent variable (Supplementary Table 1). Another ZANB model was built to access the relationship between OCS and OCD-PRS, including age at follow-up, sex, any psychiatric comorbidity (excluding OCD), site and 10 first principal components from genetic data as covariates.


[image: Figure 1]
FIGURE 1. Distribution of obsessive-compulsive symptoms (OCS) at follow-up.


For the analysis of the relationship between thalamic volume SPC and OCD-PRS multiple linear regression was used. The regressions included the thalamic SPC as the dependent variable, OCD-PRS as the independent variable and age at follow-up, sex, site, and 10 first principal components from genetic data as covariates.

A mixed effects model was used to assess total thalamic volume change in relation to OC factor scores reported previously (31). The mixed model was run with the participant entered as random factor and thalamic volume as dependent variable. The OC factor score was the independent variable and included the assessment at baseline and follow-up as described in the “obsessive-compulsive symptoms” section. Age, an interaction term between OC factor score and age, sex, any psychiatric comorbidity (excluding OCD), total intracranial volume and site were included as covariates.

To study the relationship between thalamic volume change and OCD-PRS, a mixed effects model was built with participant entered as random factor, thalamic volume as dependent variable and OCD-PRS as independent variable. Age, sex, site, total intracranial volume and 10 first principal components from genetic data were included as covariates.

The statistical analysis was performed using R. Version 4.0.1. The function “hurdle” from the R package “pscl” was used to build the ZANB models. The function “lm” was used for the linear model. The function “lmer” from the R package “lme4” was used to build the mixed effects models.




RESULTS


Sample Characteristics

The sample for the neuroimaging evaluation consisted of 378 children who underwent two scans in a 3-year interval. The mean age at baseline was 10.48, at follow-up it was 14.24 and 42% were females (Table 1). From the 378 children, 364 had viable blood samples and took part in the genetics evaluation. The mean age for the 364 children was 10.49 at baseline, 14.25 at follow-up and 42% were females. The distribution of OCS was right-skewed and zero-inflated (Figure 1). There was around 44% of zeros.


Table 1. Demographic and clinical characteristics.
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Thalamic Volume SPC and OCS

A significant positive relationship between right SPC and OCS (p = 0.042) was found in the zero-hurdle part of the model (Table 2). There was no significant relationship between right SPC and OCS in the count part of the model (Table 2). The zero-hurdle part of the model gives the probability of a non-zero count (40). The results indicate that right thalamus change was related to having at least one OCS reported (Figure 2). The thalamic variation was not related to the amount of OCS as the count part was not significant. There was no significant relationship between left SPC and OCS in both the zero-hurdle and the count parts of the model (Table 2). The analysis was repeated including OCS reported by parents at baseline as a control variable and the relationship between right SPC and OCS remained significant (Supplementary Table 1). Models including an interaction term between both Thalamic SPC and age were tested. In those models there was no significant association between the variables (Supplementary Table 2).


Table 2. Zero-altered negative binomial (ZANB) models examining the relationship between OCS and thalamic SPC.
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FIGURE 2. Boxplot of Right Thalamic SPC in participants with and without obsessive-compulsive symptoms at follow-up. SPC, Symmetrized Percent Change.




OCD-PRS and OCS

There was no significant relationship between OCD-PRS and OCS in both the zero-hurdle and the count parts of the model (Supplementary Table 3).



Thalamic Volume SPC and OCD-PRS

There was no significant relationship between right or left thalamic SPC and OCD-PRS (Supplementary Table 4).



Mixed Effects Model for Total Thalamic Volume

There was no significant relationship between thalamic volume and OC factor scores, assessed longitudinally (Supplementary Table 5).

There was no significant relationship between thalamic volume and OCD-PRS in the mixed model (Supplementary Table 6).




DISCUSSION

Changes in right thalamic volume after 3 years were related to the presence of OCS at follow-up in children from a community sample. This result was only significant in the zero-hurdle part of the model. No relationship was observed between changes in left thalamic volume and OCS or between both right and left thalamic volume change and OCD-PRS. The Thalamic SPC measures change, ranging from negative to positive values (Figure 2). A thalamic volume decrease (thalamic volume in the follow-up is smaller than baseline), will yield a negative SPC. On the other hand, participants with an increase in thalamic volume in the period will have a positive SPC. Our results indicate that participants with at least one OCS had a slower decrease in right thalamic volume.

Previous studies, as the recent worldwide mega and meta-analysis from the ENIGMA-OCD Working Group and one meta-analysis, found increased thalamic volume in individuals with OCD (18, 20). It is possible that a slower decrease in right thalamic volume found in our sample could lead to increased average thalamic volume found in previous studies. It can be hypothesized that individuals from the community with subclinical OCS might have a slower decrease in thalamic volume suggesting that thalamic trajectory alterations might be found even without the full syndrome. However, five meta-analyses found no differences in thalamic volume comparing individuals with OCD and HC (13–17). Our analysis of thalamic volume was limited by the fact that self-reported OCS was only assessed on follow-up. The analysis including other informants by using the OC factor score did not support an altered thalamic volume related to symptoms in our sample. Of note, there are important differences in the samples from the prior studies included in previous meta-analyses and the sample of participants included in this study. The sample in the present study is community based and the prevalence of OCD was very low. Moreover, it is not known at this time how many participants will develop full-blown OCD later in young adulthood. Despite not fulfilling the diagnostic criteria and having relatively low levels of symptom severity, subclinical OCS have been associated with psychiatric comorbidities and impaired functioning in the literature (5, 41, 42). A recent neuropsychological study of children and adolescents with OCS that were first-degree relatives of an individual with OCD identified impairments in spatial working memory and a trend in significance for impairment in motor and processing speed (43). Here we found that the presence of OCS may be directly associated with right thalamic volumes change, and the thalamus is a key element of the cortico-striato-thalamo-cortical (CSTC) circuits that are implicated in the pathophysiology of OCD (44). The thalamus selectively filters information for further processing in other areas of the brain, functioning as a relay station and a gatekeeper (45). It has a role in the processing of information related to many cognitive processes, including motor processes, cognition, emotion, learning, pain, attention, and consciousness (45).

The polygenic risk score (PRS) has been related to the genetic risk for developing OCD. We expected to find an association between OCS and OCD-PRS and between thalamic volume change and OCD-PRS, but no relationship was detected. One hypothesis for that finding is the small sample size of OCD GWAS studies. Therefore, future summary statistics may be more informative. GWAS for chronic clinical conditions like coronary artery disease and type 2 diabetes include >100,000 of individuals (46, 47). Even for some psychiatric disorders like Alzheimer's disease and major depressive disorder there are around 100,000 individuals in the GWAS (48, 49). For OCD, there are only two GWAS studies published totalizing 2,688 cases (35–37). The small sample size of GWAS for OCD underpower the ability of OCD-PRS to explain the OCD phenotype. Moreover, OCD GWAS are based mostly on European ancestry samples and our sample is ethnically diverse as the Brazilian population has a multi-ethnic and admixed background. It has been previously shown that the performance of PRS in non-European populations is generally poorer than the performance in European ancestry samples, particularly for African ancestry samples (50). Despite considering ancestry by using 10 principal components, we must consider that the training and target samples used to build PRS are from different populations, and, hence, this could still have had an important impact (51).

Results should be interpreted in light of several limitations. Only participants with complete assessment in baseline and follow-up were included, as we were interested in the rate of change of thalamic volume. This decreased the available sample for this study. Another limitation was the small number of participants that met DSM-IV criteria for OCD in the sample. Differently from previous OCD studies, the phenotype here is based only on the presence of OCS. Small changes in symptom dimensions are likely to be related to small effect sizes, hence, there is a clear need to increase the sample size to achieve adequate statistical power.

This is the first study that assessed longitudinal changes during thalamic development in youth with OCS. In this study, thalamic alterations reported in OCD patients were found in youth with OCS. It can be hypothesized that thalamic alterations may be a trait related to the OCS phenotype and independent of disease state, supporting the idea of an endophenotype. However, the hypothesis that individuals with genetic risk for OCD would also show thalamic alterations was not confirmed. Thus, thalamic alterations may not be related to increased genetic risk for OCD. However, alterations in thalamic development may be a marker of OCS even before the full syndrome develops.
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There appear to be two peaks of incidence of Obsessive Compulsive Disorder (OCD), one with a pre-adolescent onset and another in early adulthood. As new cases are added, the cumulative prevalence of OCD increases, but the great majority of cases have an onset in youth. The notion that early onset OCD represents a unique developmental subtype of the disorder has been considered by many researchers based on several specific age-related factors. Ascertainment and early intervention in affected youth is critical to abbreviate the functional impairments associated with untreated illness. In this paper we review the clinical, familial and translational biomarker correlates seen in early onset OCD that support the notion of a developmental subtype and discuss implications for research and treatment aimed at this cohort. The importance of cognitive, academic and social development tasks of childhood and adolescence, illness-specific and familial factors, and immune-mediated inflammatory factors are discussed, with their implications for management.
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INTRODUCTION

For decades, clinical research has posited a developmental subtype of Obsessive Compulsive Disorder (OCD) that affects youth, and which may be distinct in important ways from the adult-onset form. Evidence for such a developmental subtype draws from multiple lines of observation and investigation at the clinical, translational and basic science levels. Despite this, the latest incarnation of the Diagnostic and Statistical Manual of the American Psychiatric Association, the DSM5 (1) does not specify a developmental subtype, but rather includes two different “specifiers” that apply particularly to children and adolescents. In this review, we will examine the differences between the early- or pediatric-onset form of OCD (these terms are used interchangeably) and the adult-onset form, including epidemiology, symptom presentations, clinical correlates, comorbid disorders, familial and genetic factors, environmental and epigenetic factors, salient neurocircuitry, treatment response, course and outcome. Many of these features are different in youth with OCD compared to adult OCD subjects.

Children and adolescents generally display a pre-pubertal onset of their symptoms, some as young as 6 years of age, and may show a distinct symptom pattern (2–4) as well as distinct array of concurrent psychopathology (2) and neuropsychological function (5, 6). Familial loading (7–9), and the role of the family (10) are amplified in pediatric cases, and youth may be susceptible to environmental triggers that are notably present in the early years (11, 12), and may display unique biosignatures (13). Outcomes are often more favorable for pediatric OCD and treatment response is robust and more durable (10).

The recognition and management of OCD in youth generally require specialist knowledge and care, not least because of the numerous and specific developmental tasks and milestones of early life that may be disrupted by illness, with potential long term adverse consequences (14). For this reason, OCD affecting youth and more especially, untreated or inadequately treated illness, is of particular concern to OCD clinicians and researchers. Although the effects of early intervention to mitigate long-term adverse outcomes has not been systematically studied, these considerations strongly support effective early intervention in youth affected by OCD (14).



OCD IN CHILDREN, ADOLESCENTS, AND ADULTS


Definition in DSM 5

While the core diagnostic features of OCD are the same across the lifespan, the DSM5 includes two “specifiers” especially relevant to pediatric cases (Table 1). Core symptoms include intrusive obsessions and compulsions (worries and rituals) that are time-consuming, distressing and functionally impairing, that are not better explained by the physiological effects of a substance or another mental disorder.


Table 1. DSM5 OCD specifiers relevant to pediatric OCD.
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Definition of Early- or Pediatric-Onset OCD

Pediatric OCD is defined as onset before age 18 years of age. The first comprehensive description of a case series was published in 1991 in (15) “The boy who couldn't stop washing: The experience and treatment of obsessive compulsive disorder,” demonstrating that the recognition of this disorder in youth is relatively recent.




Epidemiology

OCD in children may go unrecognized for some time and in several of the epidemiological studies, youth identified with the disorder had usually not come to clinical attention or received a formal diagnosis (16, 17). Reasons for under-recognition include the limited verbal skills of younger subjects who may either be unable to articulate their intrusive thoughts, or not recognize them as irrational. Even in those with moderate insight, symptoms are often secretive and hidden due to embarrassment or shame. Sometimes impairments are seen only in more familiar home environments, may be domain specific, and may be masked in more public settings such as school. In addition, some symptoms, such as perfectionism, are unwittingly reinforced by parents and teachers based on good grades. Browne et al. (18) reported a cohort prevalence of 0.84% in a recent epidemiological study using the Danish health registry of more than one million youth. This prevalence is likely the most accurate to date and falls between the earlier estimates of 1–2% (16) and the 0.25% point prevalence reported by Heyman et al. (17). The prevalence of OCD in adult populations has been variously reported between 1 and 3% (19), but these figures may include some subthreshold cases. Although one would expect an increasing cumulative prevalence of cases (and therefore a higher cumulative prevalence) in adults as new cases are added to the affected population, the relatively higher rates of remission (10) (~one third to one half remit or improve to subthreshold levels) of pediatric cases offsets the new adult incidence so that the overall prevalence does not change much over time. The prevalence of both adult (20) and pediatric OCD (18) has been noted to be remarkedly consistent across different counties and continents.



Clinical Features


Age at Onset

It is notable that there are two peaks of incidence (new onsets) of OCD, one early peak with a mean age of 9 to 10 (with an SD of ± 2.5 years) years of age and by definition, pre-pubertal, so that two thirds of affected youth will have an onset between about 7 and 12 years of age and well-before adulthood (21). There is a second peak of incidence in the early 20's (see Figure 1) (22, 23), but, because of cumulative prevalence as new cases are added to the affected population starting with the early peak, two thirds of current adult cases have their onset before adulthood, a potentially confusing finding (24).
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FIGURE 1. A Bimodal distribution of incidence of OCD across the lifespan. *Geller et al. (22). **Rasmuseen et al. (23).


As noted above, there is often a lag between age at ascertainment and age at onset due to under-recognition (25), a finding that may have clinical consequences. Because age at ascertainment generally lags behind onset by several years, onsets are acquired by anamnestic parental report and may therefore be inexact. We may look to other areas of medicine for an understanding of distinct peaks (but overlapping curves) of illness onset. In diabetes, the phenotype of high blood sugar, glucosuria and ketonuria are well-known, but it was only in the era of modern medicine that the distinction between type 1 diabetes (pancreatic insulin insufficiency resulting from auto-immune islet cell destruction) and type 2 diabetes (peripheral insulin resistance from persistent high circulating insulin in overweight subjects) was understood. Type 1 is known to affect younger people with a typical age at onset that is less than type 2, which more often affects older subjects related to insulin resistance secondary to obesity (26). However, the recent increase in childhood obesity in the Western world has led to higher incidence of type 2 diabetes in youth blurring these boundaries (27). Thus, similar phenotype does not imply a single etiology or set of genetic risk factors, even when some common pathophysiological pathways are involved.



Gender Ratio

There is some uncertainty about this issue. Whilst earlier reports generally found a male predominance (25, 28), the more recent Danish epidemiological survey (18) reported a slight female preponderance in youth with OCD (29) similar that that generally reported in adult cohorts (30) Notably, common comorbid conditions that are frequently seen in younger OCD subjects, such as chronic tic disorders and Tourette's syndrome, ADHD, and autism spectrum disorders (ASD) all show a clear male preponderance. The weight of evidence from clinical samples suggests that pediatric OCD does indeed represent a developmental subtype, with male preponderant cases with concurrent tics, ADHD and ASD-like psychopathology that often remit in adolescence and constitute one of the core hallmarks of such a subtype. Rates of OCD may also be much higher in transgender populations, with up to 9.8% prevalence estimated for transgender women and 7.6% for transgender men (31).



Primary Symptoms


Normal Development

Typically, preschool-age children engage in ritualistic behavior, for example, routines at bedtime or mealtime, but these provide familiarity and comfort and are not disruptive. These are usually easily managed within normal family structure and are not disruptive to either child or family. However, for some children, insistence on routines or rules shows a high degree of inflexibility and rigidity and when not complied with, can lead to behavioral outbursts and disrupted family function. It has been reported however that these children's insistence on excessive rituals may be a red flag and indicator of risk for OCD in later childhood (32). Magical thinking, or the belief that a person's thoughts or actions can somehow influence real outcomes even though there is no causal connection between these, reflects normal development in very young children. This ego-centric world view ascribes influence to (irrational) rituals that are often performed to avert feared bad or unsafe outcomes. Normal cognitive development is associated with more reality-based apprehension of causality by the time most children show an onset of OCD (age 8 years and older), so that persistent magical thinking at this age is not normal. It should be noted that magical thinking can persist and be seen in adults, but there is some overlap with extreme superstitions or those that are heavily culturally based. Collecting and saving of personally meaningful items such as sports cards, coins, stamps, comic books etc., is also normal behavior in youth and should not be confused with hoarding of items of little value such as bits of lint, old bottle tops or pieces of paper that lead to clutter and refusal to discard without family conflict.



Pediatric OCD Symptoms

In addition to a diminished capacity to articulate their concerns, some younger subjects may lack the ego function to recognize their obsessions as abnormal. On occasion, obsessions must be inferred by the parents who observe rituals in their children (33).

Obsessional anxiety frequently contains themes that reflect exaggerated developmental concerns at any given age, which may be difficult to dissociate from normal childhood development (22). For example, young children may struggle with increasing autonomy and independence, especially around separations from important parental figures, leading to intrusive fears of harm or loss of attachment figures. While this may appear as more typical separation anxiety, checking behaviors and magical rituals are also common (34). Recurrent worries about catastrophic family events or loss can also appear in youth with OCD with no premorbid history of separation anxiety disorder. Verbal checking and reassurance seeking often inadvertently engage parents in accommodation behaviors. Hoarding, saving and collecting rituals affect up to a quarter of youth with OCD (35) and are excessive, often with items that are unusual for the age, causing clutter and upset if discarded. Youth with hoarding also display other rituals and show increased rates of tic disorders. In adults, hoarding has typically been associated with poorer exposure and response prevention (ERP) outcomes but in a recent study, CBT treatment response in youth who hoarded was not adversely impacted (35). Symmetry and ordering, as well as “just-right” rituals have been reported to be more prevalent in pediatric OCD (36), and may reflect comorbidity with chronic tic disorders. Some children cannot articulate specific cognitions that drive rituals, reporting instead a vague feeling of unease or discomfort until certain actions are performed repeatedly. Without concrete cognitive obsessions, ERP may be less successful because habituation to vague but intense feelings of unease cannot utilize a cognitive strategy to “boss back” the urge to ritualize. For example, discomfort from the sensation that one's hands are greasy may be more difficult to reason through than the idea that they may have touched an object with dangerous germs.

Adolescents often experience tensions around sexual, moral and religious ideas and these thoughts are more often prevalent in the obsessional content of adolescent patients at an age in normal development when such concerns are more likely to cause anxiety or conflict (36). Scrupulosity is therefore seen more commonly in adolescents and young adults, leading to confessing and apologizing rituals (37). The role of religious authorities in management is to be considered for these patients.

Most youth report contamination obsessions at some time, similar to adults, and consequently display washing, cleaning and avoidance rituals, but, similar to adults, the primary associated affect may be disgust (“gross”) rather than fear-based, for example, of germs or harm. Most will also demonstrate obsessions and compulsion from more than one “category” and gender has not been reported to influence specific symptoms. Finally, while some OCD symptoms tend to persist, their relative presence and interference may change with time showing less stability over time than symptoms in adult patients (38). Factor or cluster analysis has often been used to better identify subtypes of “dimensions” of OCD (3) and there is a “dimensional” form of the Yale-Brown OCD Scale DY-BOCS) (39) but this approach has not shown any consistent benefit for genetic or translational approaches or yielded particular biological signatures. More recent network analysis of symptoms to identify meaningful symptom structures may however prove more useful for subtyping subjects for both treatment trials and further translational investigation (40).

While not a core symptom of OCD, children with this disorder also frequently display irritable behavior, that may in turn be a cause of greater impairment of function, especially in the domain of the family (41). Storch et al. (41) also reported that profound irritability and tantrums led to more parental accommodation (in order to manage conflict), which is known to reinforce OCD behaviors. According to Guzick et al. (42), parents often report irritability in their affected children, driven by anxiety when frustrated by a need for perfection or certainty, or by an overestimated assessment of responsibility or threat. These findings in youth also conform to reports of greater distress, impairment and treatment resistance in OCD sufferers in the extant literature (43–46). Treatment protocols may benefit from taking the high levels of irritability into account when designing CBT interventions for some youth (47) requiring close work with families (48).




Insight

Insight in youth with OCD may be limited. Selles et al. (49) reported a meta-analysis of 573 children and adolescents enrolled in several North American and international CBT treatment trials and found that only 63% had good or excellent insight. Similarly, adults with the condition have been found to have poor/no insight in 13.8–30.7% of cases (50). The construct of insight may be difficult to measure quantitatively in youth with OCD as shown in a study that found no direct correlation between insight and treatment response, but at the same time, found that youth who had limited appreciation of the impairment from their OCD and greater avoidance behaviors, showed less likelihood of response to ERP (49), an apparent contradiction. Insight likely varies with anxiety levels and cognitive maturation, rather than being a static quantity. Studies of adults with OCD may be more informative regarding the adverse impact of insight on treatment. A number of adult studies (23–26) suggest a correlation between (poorer) insight and (poorer) outcome with standard of care treatment but insight at baseline, and changes in insight with CBT, show contradictory results (27, 28). One pediatric study (29) suggested that poorer treatment response correlated with less insight at baseline across all treatment modalities (30). Frank delusional beliefs and psychosis are very uncommon in pediatric OCD, although schizophreniform illness may first manifest as obsessional anxiety.




Comorbidity

All studies, including epidemiological studies of non-referred cases (16), find that most OCD-afflicted youth will have concurrent psychopathology, especially over time. Clinically referred and ascertained cases have even higher rates of comorbidity, as high as 80% (51). There is an ontogeny of comorbid conditions affecting those with pediatric OCD that is distinct for youth compared with adult-onset cases (51). This means that certain comorbid conditions arise at different and specific ages over time. As with adults, mood and other anxiety disorders are very common, but some frequently seen concurrent disorders are classically pediatric-onset disorders, such as Attention Deficit Hyperactivity Disorder (ADHD) and Tourette's Disorder (TD), and predominate in pediatric cases. The majority of children with ADHD and tic disorders are male, and they typically have an earlier onset (2). If gender ratios averaged across all the pediatric years indeed show equal prevalence, as noted above, it would suggest that older affected youth trend toward a female preponderance with less comorbid ADHD and tic disorders. The triad of OCD, Tourette's disorder and ADHD is not uncommon in pediatric cases, and reflects an underlying inhibitory deficit affecting thoughts (obsessions), motor behavior (tics) and attention (52). Poor inhibitory control may be identified by deficits in neuropsychological tests of inhibition in affected families (53). Neural maturation often brings improvement or remission of some of these symptoms with diminished tics and improved executive function (2). Comorbid mood and anxiety disorders occur at all ages and may persist into the adult years, sometimes becoming the main concern. As described above, youth with predominant irritable presentations may also meet criteria for oppositional defiant disorder (ODD) or even disruptive mood dysregulation disorder (ICD10 F34.81) (54).

One of the more difficult diagnostic dilemmas occurs when there is some evidence of an autism spectrum disorder (ASD), which shows an infrequent but notable comorbidity with pediatric OCD (51) and is thus distinguished from adult OCD. This overlap presents challenges for both diagnosis and treatment and has a major impact on treatment and educational interventions, role of the family, and outcome (55). Defining symptoms of ASD such as a restricted and narrow range of interests and activities, and stereotypic and repetitive behaviors can lead to confusion in younger children. It is estimated that perhaps 5% of OCD-affected youth also meet the diagnostic threshold for ASD (51). Helpful considerations are whether symptoms are subjectively experienced as ego-dystonic (OCD) or ego-syntonic (ASD), whether anxiety drives rituals (OCD) or occurs when rituals are impeded (ASD), whether rituals are resisted (OCD) or preferred, self-stimulating, and providing gratification (ASD). When classical OCD symptoms such as washing or checking are present, OCD can be reasonably inferred.

The presence of comorbid disorders may speak to a developmental subtype of OCD with conditions unique to pediatric cases, but also has relevance to phenotype, treatment and outcome (see Treatments section below). The DSM 5 specifier, “with tics” is a clear acknowledgment of this with a preponderance of “just right” rituals that may be confused with complex tics (recurrent touching or tapping) (56). Furthermore, certain comorbid disorders have been shown to diminish treatment response, both to conventional CBT (57) and also to standard SSRI treatment (58). Geller et al. (58) also reported that relapse of OCD was more common following discontinuation of paroxetine in a placebo-controlled randomized withdrawal trial in those with more comorbid conditions.




FAMILIAL AND GENETIC FACTORS


Role of the Family

Children are embedded in family units and not surprisingly, parents are often deeply engaged in behavior that accommodates their child's distress that, by providing relief in the immediate moment, inadvertently reinforces the cycle of obsessions and compulsions (59–62). Verbal reassurance, engaging in back and forth verbal rituals, and performing actions that permit children to avoid feared stimuli are all quite common. Examples include opening doors, excessive laundering of “contaminated” personal items such as clothing or linen, or arranging meals in a highly ritualized fashion (63). Add to this the common occurrence of anxiety or even OCD in a parent, given the highly familial nature of this disorder (64), and the management can become complex. Family members, including siblings (65), therefore play a central role in both the maintenance of OCD symptoms and by extension, the effectiveness of CBT, in order to allow response prevention to occur. Scales to assess and quantify the degree of family accommodation (FA) such as the Family Accommodation Scale for OCD–Interviewer Rated [FAS-IR] (66), may be useful and can show decreasing scores that reflect improvement over time with standard CBT protocols.

Some treatment intervention models such as the Pediatric Obsessive Compulsive Treatment Study for Young Children [POTS Jr] (67) specifically incorporate structured approaches for family involvement to address unhelpful accommodation. A recent rigorous randomized controlled multi-site trial found that impairments in social, home, and school life were significantly correlated with the degree of FA at baseline, but notably, in this study, baseline FA did not predict a poorer outcome over the course of treatment. Family accommodation decreased significantly with successful implementation of CBT and treatment response, with gains maintained at 6 months follow-up (68) in youth with OCD. Scalar FA scores fell by more than half over a 10 session CBT protocol to non-clinical levels (69). In this cohort, the relationship between severity of OCD symptoms and functional impairment was mediated by FA. In other words, greater involvement of family members was associated with worse OCD symptoms and worse illness-associated impairment (68).

The impact of FA can be widely felt within families of both children and adults with OCD, although there tends to be less direct involement in rituals by relatives of adult patients compared to parents of children with the condition (70). Storch et al. (71) reported that family members often took over responsibilities of affected youth, while Peris et al. (61) reported that conflict within families increased with the degree of FA. The ability of youth to tolerate exposures delivered as part of CBT may also be diminished by high levels of FA (72) and the outcome of such treatment may be adversely affected (69, 71, 73, 74). For this reason, effective treatment often underscores the need to recognize and manage FA (51, 67, 75–77).



Genetics

It should be clear from the above text that not all that is familial is also genetic. Disentangling familial environmental effects from genetic contribution requires segregation analyses of twin and family genetic studies, as well as the more recent genome-wide association studies (GWAS) (24, 64, 78). Overall, heritability estimates for OCD are in the range of 0.25–0.28 (78). However, when an index case is a child, that is, an pediatric case, the risk of OCD in a first-degree relative is approximately two-fold (79) and as high as 26% compared to about 12% risk in adult-onset cases (64). This means that a pediatric disorder is likely the result of a higher cumulative genetic loading of many genes of small effect. Recent GWAS studies have lent support to the notion that, like most psychiatric disorders, OCD is a polygenic disorder (80), with genes implicated in serotonin transmission (81) and glutamate pathways (9, 78, 82) at the very least. In a recent report from the cross-disorder group of the psychiatric genomics consortium (80) substantial pleiotropy of genetic loci was identified across eight psychiatric disorders. The strongest correlations with OCD were with anorexia nervosa and Tourette's disorder (but not ADHD) (80). Copy number variants (CNVs), which describe large mega-base deletions or duplications have also been implicated (13). Genetic studies of pediatric cases have reported specific variants of genes coding for receptors in serotonin, glutamate and dopamine pathways, as well as transcription and neurotrophic factors (13, 83).




ENVIRONMENTAL AND EPIGENETIC RISK FACTORS

Because monozygotic twins (with identical DNA) show at most a 50% concordance for OCD (84), it is clear that epigenetic factors (modification of gene expression without change in DNA sequence) and non-genetic factors are equally or even more important. Indeed, more than half of all new cases of new onset OCD occur without a positive first-degree family history of OCD, so called “sporadic” cases (85). While sporadic cases may still have a genetic cause due to a new mutation (86), the frequent appearance of non-familial cases has led to interest in epigenetic triggers and non-shared environmental factors (85), especially as their occurrence cannot be ascribed to an affected relative. Three areas of investigation of possible environmental etiological influences which may be especially relevant to pediatric OCD include studies documenting higher rates of perinatal injury, acute onsets following infection with presumptive immune and/or inflammatory processes, and life events experienced as traumatic.


Adverse Perinatal Risk Factors

Lensi et al. (87) reported that boys with OCD had elevated rates of adverse perinatal events, such as breech birth or low Apgar scores suggesting hypoxia. Geller et al. (88) compared perinatal history between 130 youths with OCD to 49 matched controls ascertained in a family genetic study and found maternal pregnancy histories of illness that needed medical attention, (x2 = 8.61, p = 0.003), and higher rates of labor difficulties such as induction, forceps, or prolonged labor (x2 = 7.51, p = 0.006). There was a positive correlation between these adverse labor events and earlier age at onset of OCD, greater symptom severity, and presence of concurrent disorders including chronic tics, anxiety, depression and ADHD. These early clinical observations were supported by a large epidemiological study of more than 2.4 million singleton births using the Swedish birth registry over a 24 year period that identified over 17,000 cases of OCD. After controlling for shared familial confounds, a number of adverse perinatal risk factors were associated with OCD including maternal smoking during pregnancy (HR, 1.20; 95% CI, 1.13–1.28), breech presentation (HR, 1.26; 95% CI, 1.15–1.39), and delivery by cesarean section (HR, 1.09; 95% CI, 1.04–1.15) (11). Additionally, low and high birth weight (1,501–2,500,g and >4,500,g, respectively) were related to a slightly higher risk for OCD (LBW: HR, 1.10; 95% CI, 1–1.21; HBW: HR, 1.17; 95% CI, 1.07–1.27) (11). Such epidemiological approaches provide a powerful method for finding epigenetic triggers with very small effect sizes and, although non-specific, indicate that OCD could have antecedents long before the disorder appears, and during periods of vulnerable neural maturation. These findings are consistent with those of Vasconcelos et al. (89), whose research similarly showed a relationship between clinical expression of OCD and perinatal complications in adult cases of OCD compared to controls, including cesarean delivery (p = 0.005), prolonged labor (p < 0.001), and nuchal cord entanglement (p = 0.05), as well as other postnatal complications. In one study that examined perinatal complications among individuals with chronic tic disorders (age range 3–79 years), the authors found that pregnancy, delivery, and postnatal complications were associated with comorbid OCD (12).



Psychosocial Stress

Ironically, data that shows an association between traumatic life events and OCD affecting youth is extremely sparse, perhaps because definitive linkage is hard to establish. In contrast, the association between OCD and PTSD has been reported in numerous studies of adults with OCD (90) either with sequential or concurrent onsets, including in military veterans (91, 92). In one of the only pediatric studies to report on this potential association, Lafleur et al. (93) examined a cohort of 263 pediatric cases of OCD, finding child and parental reports of salient traumatic and stressful life events at higher rates than matched controls. Domestic violence, sexual or physical assault and forced home entry were some examples reported by youth and families and in some cases, the thematic content of obsessional fears and rituals mirrored the nature of the trauma (e.g., checking for safety repeatedly following a serious domestic assault on a parent) (93). It may be difficult to determine whether any given event reaches a threshold considered as “trauma” and further to demonstrate statistical significance across pediatric cohorts but for a subset of children, OCD will sometimes follow severe psychological stress. One interesting study illuminates how trauma may be translated into fear related behaviors at the molecular level. McGregor et al. (94) examined children exposed to trauma using the childhood trauma questionnaire (CTQ) and several polymorphisms in genes encoding mono-amine oxidase A and B (MAO-A, MAO-B) and catechol-O-methyl transferase (COMT). Gene by environment interactions suggested that these haplotypes “interacted” with childhood sexual trauma to increase risk for OCD in youth, providing a potential epigenetic mechanism of action for adverse psychosocial experiences (95).



Immunity, Infection, and Inflammation

In 1997, Swedo et al. (96) described a group of children who developed OCD subsequent to infection with group A beta-hemolytic streptococcal (GABHS or strep) infection and introduced the hypothesis of pediatric autoimmune neuropsychiatric disorder associated with streptococcus (PANDAS). This hypothesis posits that an immune response to streptococcal infection may be a causative antecedent of OCD in some youth. Evidence to support such a hypothesis derives from observations of other neurobehavioral sequelae of group A strep, notably Sydenham's chorea, implicating basal ganglia dysfunction (97). Some level of confirmation for the etiological role of streptococcal infection was also derived from the OCD Genetics Association Collaborative (genome-wide association) Study (OCGAS GWAS), where high rates of infection were seen in pediatric OCD cases. Putative immune factors, for example, cross reactive anti-strep antibodies affecting circuits implicated in OCD and causing inflammation and dysfunction, are thought to cause a range of neurobehavioral symptoms including, but not limited to, OCD. Although over two decades have passed, the academic discussion about the validity of such an etiology remains highly controversial, because such antibodies have yet to be reliably demonstrated and other biomarkers have not been consistently identified. Diagnostic criteria include (1) OCD and/or a tic disorder; (2) prepubertal onset between 3 and 12 years of age, or Tanner stage I or II; (3) episodic course (abrupt onset and/or exacerbations); (4) symptom onset/exacerbation temporally linked to documented GABHS infections on two occasions; (5) association with neurological abnormalities (96). These criteria do not operationalize several important elements including the temporal duration between GABHS and onset, the data needed to definitively document GABHS, or the nature of neurological abnormalities (usually considered to be chorea or chorea-like movements or a loss of fine motor skills). The relevance for an pediatric subtype derives from the fact that nearly all youth are exposed to GABHS by early adolescence and develop antibodies. Therefore, new GABHS infections are far less common after puberty due to the heard immunity of the adolescent and their peers.

For all supporting studies there appear to be studies with conflicting findings. For example, Mell et al. (98) found an association between OCD/Tourette's disorder and GABHS while others have refuted this finding (99, 100). Giedd et al. (101) described acute and transient structural abnormalities in the brains of some children with putative PANDAS but such findings have not been reproduced. Some suggest that transient increases in tics and OCD are well-known sequelae of many infections and other physiological stressors and not unique to GABHS (102). The search for specific culpable antibodies that co-localize to brain targets of interest has generally been unsuccessful. While anti-streptococcal antibodies can easily be measured in serum (103), presence of such antibodies or indeed other anti-neuronal antibodies, has not been consistently demonstrated. Two very recent studies demonstrated binding of antibodies from sera of children with putative PANDAS to cholinergic interneurons in the striatum with a subsequent alteration in their function, which represents the first such definitive finding but requires replication (104).

One adult study (105) showed inflammation in nuclei of the basal ganglia in adults with OCD compared with controls, but neuroimaging data in putative PANDAS youth has been sparse. Biomarker studies in other psychiatric disorders have frequently been reported to show evidence of inflammation (106), so that this may not be unique to OCD. Indeed Fullana et al. (107) reviewed this literature and found none to be sufficiently sensitive or specific for OCD. Humoral immunodeficiency has also been linked to OCD onset in children (97) as well as psychiatric disorders and suicide in adults (108) perhaps suggesting increased risk for infections and subsequent pathogenic immune responses.

Treatment studies represent another approach to validate the immune-mediated etiology using anti-microbials (109, 110), non-steroidal anti-inflammatory agents such as naproxen sodium (111) and cyclo-oxygenase inhibitors such as celecoxib (112, 113), but these studies involved several psychiatric disorders, suggesting a non-specific effect. However, one study reported an improvement in OCD symptoms specifically (114). Finally, direct immune modulation using intravenous immunoglobulin failed to demonstrate a benefit in a randomized placebo-controlled trial in OCD-affected PANDAS youth although several methodological limitations leave open the question of whether this finding was true or simply a failed trial (115). Similarly, a recent prospective study failed to show exacerbation of tics following documented streptococcal infections (116).

While the clinical studies have provided, at best, contradictory evidence, more convincing evidence comes from epidemiological studies that by definition, are retrospective and agnostic to any pre-existing notions of the validity of immune-mediated neuropsychiatric illness. Mataix-Cols et al. (117) examined the records of over seven million youth from the Swedish birth registry born between 1940 and 2007 (mostly before PANDAS had been described) and showed a significantly higher rate of autoimmune illnesses in families of those youth affected by OCD and Tourette's disorder. Of course, correlation does not equal causation, and both may share underlying etio-pathological mechanisms, but the link between OCD and immune illness appears well-established and provides an important avenue for future research. Orlovska et al. (118) also analyzed the medical records of more than one million youth between birth and age 17 years from the Danish birth registry and found that all psychiatric disorders were over-represented in those with a history of both streptococcal and non-streptococcal. Of interest, tic and OCD showed the greatest increased risk among disorders studied (119).

In 2010, a scientific “white paper” consensus group at the NIMH child psychiatry branch suggested decoupling the acute onset of neuropsychiatric disorders in children from specific pathogens (GABHS) and expanded the clinical presentations to include avoidant/restrictive food intake disorder (ARFID) (120). Disordered eating behaviors have been described in a population-based prospective cohort study of over half a million young women identified thought the Danish longitudinal health register over a 6-year period (121). Anorexia nervosa, bulimia nervosa and eating disorder not otherwise specified was significantly more prevalent among females previously hospitalized for severe infections as well as those who had received anti-microbial treatment. This expanded constellation of clinical presentations was coined pediatric acute onset neuropsychiatric disorders or PANS. There are advantages to this approach (opening up research to other possible pathogens and pathogenetic mechanisms and perhaps expanding treatment options for a subset of affected youth), as well as disadvantages (linkage between infection and subsequent is inferred from acuity of onset and proximity to an infection but with no specificity). If PANDAS and PANS are conceived as variants of an autoimmune encephalitis, then the anti-N-methyl-d-aspartate (NMDA) receptor antibody mediated neurological disorder (122) may serve as a model. However, in PANS and PANDAS, the presumptive immune trigger is an exogenous infection of some kind, and it is the immune response that causes inflammatory-mediated neurobehavioral change, either through innate or adaptive immune responses, including cross reactivity of antibodies and cytokine activation.

In summary, evidence is accumulating incrementally that a subset of cases of pediatric OCD are triggered by infections and mediated by immune and inflammatory processes (123).




NEUROIMAGING FINDINGS

Structural and functioning imaging research over several decades have shown great concordance across studies regarding the underlying neurocircuitry of OCD (53). OCD is associated with abnormal findings in cortico-striato-thalamo-cortical (CSTC) circuitry which originate in the prefrontal cortex connect to the striatum, pallidum and thalamus and then loop back to cortical areas (124). Cortical areas consistently implicated using structural MRI include the orbitofrontal cortex (OFC), anterior cingulate cortex (ACC) and striatum (125) as well as thalamus (126). A finer grained understanding of the involvement of these regions is provided by fMRI studies that have identified specific roles of the dorsal ACC (dACC), medial and lateral OFC, and connections between amygdala and cortex (127, 128).

While a recent imaging study of youth with subclinical OC symptoms showed no morphological abnormalities at all, many reviews (129) of the neurocircuitry in adults and children with OCD show concordant abnormal findings (130–132). Confirmation derives from the recent ENIGMA Consortium meta-analysis of 16 pediatric and 30 adult OCD datasets that found cortical thinning in parietal regions in both age groups. However, some differences between age groups were also noted. The ENIGMA study reported asymmetries in thalamus and pallidum volumes in children that were not seen in the adult studies (133, 134). A recent structural MRI study of 2,551 youth enrolled in the Generation R study (135) showed a significant reduction in total brain volume in probable OCD cases compared to non-OCD healthy controls, and a significant increase in thalamic volume (126). While the same cortical thinning that was seen in ENIGMA was not demonstrated in this study, the mean age at imaging was much younger in the R Generation study so that developmental changes may account for discrepancies. Along with earlier findings by Gilbert et al. (136) cumulative evidence has led to a focus on the thalamus as an area that may distinguish pediatric and adult OCD (126). In contrast, an fMRI study (137) reported involvement of the temporal poles during symptom provocation in children with OCD compared to matched healthy controls, rather than the CSTC loops generally reported. It is important to emphasize that morphology and circuitry will mature considerably throughout childhood and adolescence and at differing and variable rates (138) with implications for both imaging research as well as future non-invasive neuromodulation treatment protocols.



NEUROPSYCHOLOGICAL FINDINGS

Although many studies have examined neuropsychological test performance in OCD subjects, in both adults and in affected youth, the literature is rather inconsistent. Salient domains include attention, executive function, short-term memory and visuospatial function. Academic difficulties, seen frequently in youth with OCD, could simply reflect the intrusive effect of primary obsessions and high anxiety, or some deficits related to abnormalities in the CSTC not due to OCD at all (139). Efforts to identify significant performance deficits in neurocognitive function in youth and throughout development may yield findings relevant to translational investigations in OCD.

In one study of 102 youth with OCD and matched controls, a standard battery of tests showed reductions in processing speed and timed visuospatial test performance (139, 140). Working memory evaluation showed a similar pattern with deficits in timed tests. Processing speed weaknesses may therefore be central to deficits in neuropsychological performance in youth. Notably, these were relative weaknesses, inasmuch as the overall scores remained within the “normal” range (5th-95th%) but these may have ecologically important consequences in academic settings (140). Similarly, in adults, deficits in non-verbal memory, planning, processing speed and inhibition has also been reported consistently (141).

Interest in the heritability of these deficits has been explored in some familial studies of neurocognitive performance, and have extended to cognitive flexibility and set shifting, decision making and visuospatial integration (142, 143). In a recent pediatric study of OCD youth and their first-degree unaffected relatives designed to examine neuropsychological endophenotypes, poorer proactive control and initial concept formation, seen in tests of set shifting and inhibitory control were found to be heritable (6).



TREATMENT RESPONSE

The very high prevalence of comorbid psychiatric disorders associated with OCD in youth, in clinical and also non-referred epidemiological cohorts, present real challenges in treatment which are not seen in adult cases. For example, high rates of Tourette's syndrome and chronic tic disorders as well as ADHD (144, 145) mean that a child's OCD cannot be treated in isolation (146). While CBT is the first recommended intervention for all affected youth, it is notable that in the management of OCD, selective serotonin re-uptake inhibitors (SSRIs) (147) are considered first-line medication treatments. In contrast, ADHD responds best to stimulant medication approaches while tics are most often treated with either alpha agonist medications or dopamine blockers. In other words, pharmacotherapy approaches for each comorbid condition diverge markedly despite the frequent triad of these conditions. Add to this the increased risk of behavioral activation and suicidal ideation accompanying SSRIs in youth (148), the potential for increased anxiety, obsessions and tics with use of stimulants and the risk for adverse mood effects with alpha agonists, and the pharmacological approach in affected youth may require increased complexity compared to adult OCD cases. While CBT is clearly the treatment of choice for youth with OCD (147, 149, 150), more severe illness and concurrent psychopathology are indications for consideration of introduction of medication. Poor insight and low levels of family cohesion may also impede delivery of successful CBT. Youth with OCD who represent putative post-infectious, immune-mediated and/or inflammatory etiology have received a variety of anti-microbial and immune modulating treatments (109, 110, 115, 151) but none have yet shown consistent efficacy that permits recommendation for routine use.



COURSE AND OUTCOME

Again, comorbid externalizing symptoms have been reported to affect quality of life ratings at baseline and also with treatment (152). Many researchers have suggested that poorer treatment outcomes may be due to greater levels of family accommodation (FA) and this is especially relevant to pediatric cases (69, 71, 73, 74). As well, concurrent psychopathology has been shown to reduce response rates, particularly for conditions prevalent in pediatric cases. For example, comorbid tic disorders and ADHD reduced response rates to 53 and 59%, respectively, in a randomized controlled trial of paroxetine (153), and relapse was also higher in comorbid cases. March et al. (154) found the same poor response in youth with OCD who had a comorbid tic disorder, again suggesting that this pediatric subtype may be distinct in important ways.

Remission rates of OCD in youth treated with CBT are fair with partial remission reported in 53% and full remission in 27%, but also with some risk of relapse (155, 156). Outcome in youth appear to be better than in adults with some children becoming subclinical or remitting entirely over time (10, 150), whereas only 16.9% of adults were shown to achieve full remission in a 5 year longitudinal study by Eisen et al. (157). The Nordic Long Term OCD Treatment Study (NordLOTS) that used a stepped treatment protocol showed 90% response and 73% rate of clinical remission at 3 year follow-up (150). Fatori et al. (158) found that, treatment sequence with either SSRI or CBT did not affect outcome when the second treatment arm was added as needed.



SUMMARY

In this review, we have detailed the many differences between pediatric or pediatric OCD and OCD that onsets in adults. These numerous distinctions are summarized in Table 2. Distinct age peaks lend credence to the notion of differing pathophysiological mechanisms rather than simply increased genetic loading leading to earlier onsets. Familial patterns, comorbid disorders, phenotypic presentations, etiologies, neurocognitive findings, treatment and outcome are also different, and the many developmental factors that distinguish pediatric cases have been elucidated. Keeping in mind that development throughout the pediatric years is rapid and that accompanying neuronal maturation occurs with similar rapid synchrony, these factors consequently may greatly affect the presentation and research findings in affected youth and adults. Therefore, while there is substantial evidence to support the notion of a “developmental” pediatric subtype of OCD, clarification must await further translational and genetic studies.


Table 2. Comparison of pediatric and adult-onset OCD.

[image: Table 2]



AUTHOR CONTRIBUTIONS

DG, GJ, and SH declare that they have contributed substantially to the content and production of this review and agree to be accountable for the content of this work. All authors contributed to the article and approved the submitted version.



FUNDING

This work was supported by the National Institute of Mental Health 1R01MH093402-01A1, NCT01404208: 2/2-D-cycloserine augmentation of CBT for pediatric OCD (PI DG); National Institute of Mental Health R01MH 079489: A genome wide association study of early onset Obsessive Compulsive Disorder (PI DG); and National Institute of Mental Health 1K08MH01481-01A: Juvenile onset Obsessive Compulsive Disorder as a meaningful developmental subtype (PI DG).



ACKNOWLEDGMENTS

The authors wish to acknowledge the helpful contributions of Dr. Kyle Williams, Dr. Sarah O'Dor, and Dr. Ryan Jacoby.



REFERENCES

 1. Association AP. Diagnostic and Statistical Manual of Mental Disorders. 5th ed. DSM-5. Arlington, TX: American Psychiatric Publishing (2013).

 2. Geller DA, Biederman J, Stewart SE, Mullin B, Farrell C, Wagner KD, et al. Impact of comorbidity on treatment response to paroxetine in pediatric obsessive-compulsive disorder: is the use of exclusion criteria empirically supported in randomized clinical trials? J Child Adolesc Psychopharmacol. (2003) 13:19–29. doi: 10.1089/104454603322126313

 3. Stewart ES, Rosario MC, Brown TA, Carter AS, Leckman JF, Sukhodolsky DG, et al. Principal components anaylsis of obsessive-compulsive disorder symptoms in children and adolescents. Biol Psychiatry. (2007) 61:285–91. doi: 10.1016/j.biopsych.2006.08.040

 4. Brezinka V, Mailander V, Walitza S. Obsessive compulsive disorder in very young children—a case series from a specialized outpatient clinic. BMC Psychiatry. (2020) 20:366. doi: 10.1186/s12888-020-02780-0

 5. Geller DA, McGuire JF, Orr SP, Pine DS, Britton JC, Small BJ, et al. Fear conditioning and extinction in pediatric obsessive compulsive disorder. Ann Clin Psychiatry. (2017) 29:17–26.

 6. Abramovitch A, De Nadai AS, Geller DA. Neurocognitive endophenotypes in pediatric OCD probands, their unaffected parents and siblings. Prog Neuropsychopharmacol Biol Psychiatry. (2021) 110:110283. doi: 10.1016/j.pnpbp.2021.110283

 7. Rosario-Campos MC, Leckman JF, Mercadante MT, Shavitt RG, Prado HS, Sada P, et al. Adults with early-onset obsessive-compulsive disorder. Am J Psychiatry. (2001) 158:1899–903. doi: 10.1176/appi.ajp.158.11.1899

 8. Taylor S. Early versus late onset obsessive-compulsive disorder: evidence for distinct subtypes. Clin Psychol Rev. (2011) 31:1083–100. doi: 10.1016/j.cpr.2011.06.007

 9. Walitza S, Wendland JR, Gruenblatt E, Warnke A, Sontag TA, Tucha O, et al. Genetics of early-onset obsessive-compulsive disorder. Eur Child Adolesc Psychiatry. (2010) 19:227–35. doi: 10.1007/s00787-010-0087-7

 10. Stewart SE, Geller DA, Jenike M, Pauls D, Shaw D, Mullin B, et al. Long term outcome of pediatric obsessive compulsive disorder: a meta-analysis and qualitative review of the literature. Acta Psychiatrica Scandinavica. (2004) 110:4–13. doi: 10.1111/j.1600-0447.2004.00302.x

 11. Brander G, Rydell M, Kuja-Halkola R, Fernandez de la Cruz L, Lichtenstein P, Serlachius E, et al. Association of perinatal risk factors with obsessive-compulsive disorder: a population-based birth cohort, sibling control study. JAMA Psychiatry. (2016) 73:1135–44. doi: 10.1001/jamapsychiatry.2016.2095

 12. Abdulkadir M, Tischfield JA, King RA, Fernandez TV, Brown LW, Cheon KA, et al. Pre- and perinatal complications in relation to Tourette syndrome and co-occurring obsessive-compulsive disorder and attention-deficit/hyperactivity disorder. J Psychiatr Res. (2016) 82:126–35. doi: 10.1016/j.jpsychires.2016.07.017

 13. Grunblatt E, Marinova Z, Roth A, Gardini E, Ball J, Geissler J, et al. Combining genetic and epigenetic parameters of the serotonin transporter gene in obsessive-compulsive disorder. J Psychiatr Res. (2018) 96:209–17. doi: 10.1016/j.jpsychires.2017.10.010

 14. Fineberg N, Hollander E, Pallanti S, Walitza S, Grunblatt E, Dell'Osso B, et al. Clinical advances in obsessive compulsive disorder: a position statement by the international college of obsessive compulsive spectrum disorders. Inter Clin Psychopharmacology. (2020) 35:173–93. doi: 10.1097/YIC.0000000000000314

 15. Rapoport J. The boy who couldn't stop washing: the experience and treatment of obsessive-compulsive disorder. Am J Psychiatry. (1991) 148:678. doi: 10.1176/ajp.148.5.678-a

 16. Flament M, Whitaker A, Rapoport J, Davies M, Berg C, Kalikow K, et al. Obsessive compulsive disorder in adolescence: an epidemiological study. J Am Acad Child Adolesc Psychiatry. (1988) 27:764–71. doi: 10.1097/00004583-198811000-00018

 17. Heyman I, Fombonne E, Simmons H, Ford T, Meltzer H, Goodman R. Prevalence of obsessive–compulsive disorder in the British nationwide survey of child mental health. British J Psych. (2001) 179:324–9. doi: 10.1192/bjp.179.4.324

 18. Browne HA, Hansen SN, Buxbaum JD, Gair SL, Nissen JB, Nikolajsen KH, et al. Familial clustering of tic disorders and obsessive-compulsive disorder. JAMA Psychiatry. (2015) 72:359–66. doi: 10.1001/jamapsychiatry.2014.2656

 19. Ruscio AM, Stein DJ, Chiu WT, Kessler RC. The epidemiology of obsessive-compulsive disorder in the National Comorbidity Survey Replication. Mol Psychiatry. (2010) 15:53–63. doi: 10.1038/mp.2008.94

 20. Weissman M, Bland R, Canino G, Greenwald S, Hwu H, Lee C, et al. The cross national epidemiology of obsessive compulsive disorder. J Clin Psychiatry. (1994) 55:5–10.

 21. Dell'Osso B, Benatti B, Hollander E, Fineberg N, Stein DJ, Lochner C, et al. Childhood, adolescent and adult age at onset and related clinical correlates in obsessive-compulsive disorder: a report from the International College of Obsessive-Compulsive Spectrum Disorders (ICOCS). Int J Psychiatry Clin Pract. (2016) 20:210–7. doi: 10.1080/13651501.2016.1207087

 22. Geller D, Biederman J, Faraone SV, Frazier J, Coffey BJ, Kim GS, et al. Clinical correlates of obsessive compulsive disorder in children and adolescents referred to specialized and non-specialized clinical settings. Depress Anxiety. (2000) 11:163–8.

 23. Rasmussen SA, Eisen J. The epidemiology and clinical features of obsessive compulsive disorder. Psychiatr Clin. (1992) 15:743–58. doi: 10.1016/S0193-953X(18)30205-3

 24. Pauls D, Alsobrook II J, Goodman W, Rasmussen S, Leckman J. A family study of obsessive-compulsive disorder. Am J Psychiatry. (1995) 152:76–84. doi: 10.1176/ajp.152.1.76

 25. Geller D, Biederman J, Faraone SV, Bellorde CA, Kim GS, Hagermoser LM. Disentangling chronological age from age of onset in children and adolescents with obsessive compulsive disorder. Int J Neuropsychopharmacol. (2001) 4:169–78. doi: 10.1017/S1461145701002395

 26. Tao Z, Shi A, Zhao J. Epidemiological perspectives of diabetes. Cell Biochem Biophys. (2015) 73:181–5. doi: 10.1007/s12013-015-0598-4

 27. Reinehr T. Type 2 diabetes mellitus in children and adolescents. World J Diabetes. (2013) 4:270–81. doi: 10.4239/wjd.v4.i6.270

 28. Fineberg NA, Brown A, Reghunandanan S, Pampaloni I. Evidence-based pharmacotherapy of obsessive-compulsive disorder. Int J Neuropsychopharmacol. (2012) 15:1173–91. doi: 10.1017/S1461145711001829

 29. Dalsgaard S, Thorsteinsson E, Trabjerg BB, Schullehner J, Plana-Ripoll O, Brikell I, et al. Incidence rates and cumulative incidences of the full spectrum of diagnosed mental disorders in childhood and adolescence. JAMA Psychiatry. (2019) 77:155–64. doi: 10.1001/jamapsychiatry.2019.3523

 30. Mathis M, Alvarenga P, Funaro G, Torresan R, Moraes I, Torres A, et al. Gender differences in obsessive-compulsive disorder- a literature review. Rev Bras Psiquiatr. (2011) 33:390–9. doi: 10.1590/S1516-44462011000400014

 31. Millet N, Longworth J, Arcelus J. Prevalence of anxiety symptoms and disorders in the transgender population: a systematic review of the literature. Int J Transgenderism. (2016) 18:27–38. doi: 10.1080/15532739.2016.1258353

 32. Leonard HL, Goldberger EL, Rapoport JL, Cheslow DL, Swedo SE. Childhood rituals: normal development or obsessive-compulsive symptoms. J Am Acad Child Adolesc Psychiatry. (1990) 29:17–23. doi: 10.1097/00004583-199001000-00004

 33. Storch EA, Wu MS, Small BJ, Crawford EA, Lewin AB, Horng B, et al. Mediators and moderators of functional impairment in adults with obsessive-compulsive disorder. Compr Psychiatry. (2014) 55:489–96. doi: 10.1016/j.comppsych.2013.10.014

 34. Storch EA, Caporino NE, Morgan JR, Lewin AB, Rojas A, Brauer L, et al. Preliminary investigation of web-camera delivered cognitive-behavioral therapy for youth with obsessive-compulsive disorder. Psychiatry Res. (2011) 189:407–12. doi: 10.1016/j.psychres.2011.05.047

 35. Hojgaard D, Skarphedinsson G, Ivarsson T, Weidle B, Nissen JB, Hybel KA, et al. Hoarding in children and adolescents with obsessive-compulsive disorder: prevalence, clinical correlates, and cognitive behavioral therapy outcome. Eur Child Adolesc Psychiatry. (2019) 28:1097–106. doi: 10.1007/s00787-019-01276-x

 36. Labad J, Menchon JM, Alonso P, Segalas C, Jimenez S, Jaurrieta N, et al. Gender differences in obsessive-compulsive symptom dimensions. Depress Anxiety. (2008) 25:832–8. doi: 10.1002/da.20332

 37. Geller D, Biederman J, Agranat A, Cradock K, Hagermoser LM, Kim GS, et al. Developmental aspects of obsessive compulsive disorder: Findings in children, adolescents and adults. J Nerv Ment Dis. (2001) 189:471–7. doi: 10.1097/00005053-200107000-00009

 38. Rettew DC, Swedo SE, Leonard HL, Lenane MC, Rapoport JL. Obsessions and compulsions across time in 79 children and adolescents with obsessive-compulsive disorder. J Am Acad Child Adolesc Psychiatry. (1992) 31:1050–6. doi: 10.1097/00004583-199211000-00009

 39. Goodman WK, Rasmussen SA, Price LH. Children's Yale-Brown Obsessive Compulsive Scale (CY-BOCS). 1st ed. New Haven, CT: Yale University (1986).

 40. Cervin M, Miguel EC, Guler AS, Ferrao YA, Erdogdu AB, Lazaro L, et al. Towards a definitive symptom structure of obsessive-compulsive disorder: a factor and network analysis of 87 distinct symptoms in 1366 individuals. Psychol Med. (2021) 1–13. doi: 10.1017/S0033291720005437

 41. Storch E, Jones AM, Lack CW, Ale C, Sulkowski M, Lewin A, et al. Rage attacks in pediatric obsessive-compulsive disorder- phenomenology and clinical correlates. J Am Acad Child Adolesc Psychiatry. (2012) 51:582–92. doi: 10.1016/j.jaac.2012.02.016

 42. Guzick AG, Geller DA, Small BJ, Murphy TK, Wilhelm S, Storch EA. Irritability in children and adolescents with OCD. Behav Ther. 51:582–92. (2020). doi: 10.1016/j.beth.2020.11.001

 43. Brandes CM, Herzhoff K, Smack A, Tackett JL. The p factor and the n factor- associations between the general factors of psychopathology and neuroticism in children. Clin Psychol Sci. (2019) 7:1266–84. doi: 10.1177/2167702619859332

 44. Copeland WE, Angold A, Costello E, Egger H. Prevalence, comorbidity, and correlates of DSM-5 proposed disruptive mood dysregulation disorder. Am J Psychiatry. (2013) 170:173–79. doi: 10.1176/appi.ajp.2012.12010132

 45. Evans SC, Bonadio FT, Bearman SK, Ugueto AM, Chorpita BF, Weisz JR. Assessing the irritable and defiant dimensions of youth oppositional behavior using CBCL and YSR items. J Clin Child Adolesc Psychol. (2020) 49:804–19. doi: 10.1080/15374416.2019.1622119

 46. Shimshoni Y, Lebowitz ER, Brotman MA, Pine DS, Leibenluft E, Silverman WK. Anxious-irritable children: a distinct subtype of childhood anxiety? Behav Ther. (2020) 51:211–22. doi: 10.1016/j.beth.2019.06.005

 47. Sukhodolsky DG, Smith SD, McCauley SA, Ibrahim K, Piasecka JB. Behavioral interventions for anger, irritability, and aggression in children and adolescents. J Child Adolesc Psychopharmacol. (2016) 26:58–64. doi: 10.1089/cap.2015.0120

 48. Kircanski K, Craske MG, Averbeck BB, Pine DS, Leibenluft E, Brotman MA. Exposure therapy for pediatric irritability: theory and potential mechanisms. Behav Res Ther. (2019) 118:141–9. doi: 10.1016/j.brat.2019.04.007

 49. Selles RR, Hojgaard D, Ivarsson T, Thomsen PH, McBride NM, Storch EA, et al. Avoidance, insight, impairment recognition concordance, and cognitive-behavioral therapy outcomes in pediatric obsessive-compulsive disorder. J Am Acad Child Adolesc Psychiatry. (2020) 59:650–9. e2. doi: 10.1016/j.jaac.2019.05.030

 50. Jacob ML, Larson MJ, Storch EA. Insight in adults with obsessive-compulsive disorder. Compr Psychiatry. (2014) 55:896–903. doi: 10.1016/j.comppsych.2013.12.016

 51. Peris TS, Rozenman MS, Sugar CA, McCracken JT, Piacentini J. Targeted family intervention for complex cases of pediatric obsessive-compulsive disorder: a randomized controlled trial. J Am Acad Child Adolesc Psychiatry. (2017) 56:1034–42. e1. doi: 10.1016/j.jaac.2017.10.008

 52. Kessler R, Ormel J, Petukhova M, McLaughlin K, Green J, Russo L, et al. Development of lifetime comorbidity in the world health organization world mental health surveys. JAMA. (2011) 68:90–100. doi: 10.1001/archgenpsychiatry.2010.180

 53. Chamberlain SR, Blackwell AD, Fineberg NA, Robbins TW, Sahakian BJ. The neuropsychology of obsessive compulsive disorder: the importance of failures in cognitive and behavioural inhibition as candidate endophenotypic markers. Neurosci Biobehav Rev. (2005) 29:399–419. doi: 10.1016/j.neubiorev.2004.11.006

 54. World Health Organization. ICD-10 Classification of Mental and Behavioural Disorders. Geneva: World Health Organization (1992).

 55. Volkmar F, Siegel M, Woodbury-Smith M, King B, McCracken J, State M, et al. Practice parameter for the assessment and treatment of children and adolescents with autism spectrum disorder. J Am Acad Child Adolesc Psychiatry. (2014) 53:237–57. doi: 10.1016/j.jaac.2013.10.013

 56. Leckman JF, Pauls DL, Zhang H, Rosario-Campos MC, Kastovich L, Kidd KK, et al. Obsessive-compulsive symptom dimensions in affected sibling pairs diagnosed with gilles de la tourette syndrome. Am J Med Genet B Neuropsychiatr Genet. (2003) 116B:60–8. doi: 10.1002/ajmg.b.10001

 57. Storch EA, Merlo LJ, Larson MJ, Geffken GR, Lehmkuhl HD, Jacob ML, et al. Impact of comorbidity on cognitive-behavioral therapy response in pediatric obsessive-compulsive disorder. J Am Acad Child Adolesc Psychiatry. (2008) 47:583–92. doi: 10.1097/CHI.0b013e31816774b1

 58. Geller DA, Wagner KD, Emslie G, Murphy T, Carpenter DJ, Wetherhold E, et al. Paroxetine treatment in children and adolescents with obsessive-compulsive disorder: a randomized, multicenter, double-blind, placebo-controlled trial. J Am Acad Child Adolesc Psychiatry. (2004) 43:1387–96. doi: 10.1097/01.chi.0000138356.29099.f1

 59. Calvocoressi L, Lewis B, Harris M, Trufan S, Goodman W, McDougle C, et al. Family accommodation in obsessive-compulsive disorder. Am J Psychiatry. (1995) 152:441–3. doi: 10.1037/t29858-000

 60. Lebowitz ER, Panza KE, Su J, Bloch MH. Family accommodation in obsessive-compulsive disorder. Expert Rev Neurother. (2012) 12:229–38. doi: 10.1586/ern.11.200

 61. Peris TS, Bergman RL, Langley A, Chang S, McCracken JT, Piacentini J. Correlates of accommodation of pediatric obsessive-compulsive disorder: parent, child, and family characteristics. J Am Acad Child Adolesc Psychiatry. (2008) 47:1173–81. doi: 10.1097/CHI.0b013e3181825a91

 62. Boeding SE, Paprocki CM, Baucom DH, Abramowitz JS, Wheaton MG, Fabricant LE, et al. Let me check that for you: symptom accommodation in romantic partners of adults with obsessive-compulsive disorder. Behav Res Ther. (2013) 51:316–22. doi: 10.1016/j.brat.2013.03.002

 63. Wu MS, Lewin AB, Murphy TK, Geffken GR, Storch EA. Phenomenological considerations of family accommodation: Related clinical characteristics and family factors in pediatric obsessive–compulsive disorder. J Obsess Compuls Relat Dis. (2014) 3:228–35. doi: 10.1016/j.jocrd.2014.05.003

 64. Nestadt G, Samuels J, Riddle M, Bienvenu J, Liang K-Y, LaBuda M, et al. A family study of obsessive-compulsive disorder. Arch Gen Psychiatry. (2000) 57:358–63. doi: 10.1001/archpsyc.57.4.358

 65. Jacoby RJ, Heatherington L. Growing up with an anxious sibling: psychosocial correlates and predictors of sibling relationship quality. Curr Psychol. (2015) 35:57–68. doi: 10.1007/s12144-015-9360-8

 66. Calvocoressi L, Mazure C, Kasl S, Skolnick J, Fisk D, Vegso S, et al. Family accommodation of obsessive-compulsive symptoms: instrument development and assessment of family behavior. J Nerv Ment Dis. (1999) 187:636–42. doi: 10.1097/00005053-199910000-00008

 67. Freeman J, Sapyta J, Garcia A, Compton S, Khanna M, Flessner C, et al. Family-based treatment of early childhood obsessive-compulsive disorder: the pediatric obsessive-compulsive disorder treatment study for young children (POTS Jr)—a randomized clinical trial. JAMA Psychiatry. (2014) 71:689–98. doi: 10.1001/jamapsychiatry.2014.170

 68. Jacoby RJ, Smilansky H, Shin JG, Wu M, Small BJ, Wilhelm S, et al. Predictors of change in family accommodation during exposure therapy for pediatric OCD. Partnering with families in therapy: leveraging family processes in the treatment of anxiety disorders. Paper presented at the 53rd annual convention of the Association for Behavioral and Cognitive Therapies. Atlana, GA. (2019).

 69. Merlo LJ, Lehmkuhl HD, Geffken GR, Storch EA. Decreased family accommodation associated with improved therapy outcome in pediatric obsessive-compulsive disorder. J Consult Clin Psychol. (2009) 77:355–60. doi: 10.1037/a0012652

 70. Albert U, Baffa A, Maina G. Family accommodation in adult obsessive-compulsive disorder: clinical perspectives. Psychol Res Behav Manag. (2017) 10:293–304. doi: 10.2147/PRBM.S124359

 71. Storch EA, Geffken GR, Merlo LJ, Jacob ML, Murphy TK, Goodman WK, et al. Family accommodation in pediatric obsessive-compulsive disorder. J Clin Child Adolesc Psychol. (2007) 36:207–16. doi: 10.1080/15374410701277929

 72. Morgan J, Caporino NE, De Nadai AS, Truax T, Lewin AB, Jung L, et al. Preliminary predictors of within-session adherence to exposure and response prevention in pediatric obsessive–compulsive disorder. Child Youth Care Forum. (2013) 42:181–91. doi: 10.1007/s10566-013-9196-z

 73. Garcia AM, Sapyta JJ, Moore PS, Freeman JB, Franklin ME, March JS, et al. Predictors and moderators of treatment outcome in the pediatric obsessive compulsive treatment study (POTS I). J Am Acad Child Adolesc Psychiatry. (2010) 49:1024–33; quiz 86. doi: 10.1016/j.jaac.2010.06.013

 74. Lavell CH, Farrell LJ, Waters AM, Cadman J. Predictors of treatment response to group cognitive behavioural therapy for pediatric obsessive-compulsive disorder. Psychiatry Res. (2016) 245:186–93. doi: 10.1016/j.psychres.2016.08.033

 75. Lewin AB, Wu MS, Murphy TK, Storch EA. Sensory over-responsivity in pediatric obsessive compulsive disorder. J Psychopathol Behav Assess. (2014) 37:134–43. doi: 10.1007/s10862-014-9442-1

 76. Thompson-Hollands J, Abramovitch A, Tompson MC, Barlow DH. A randomized clinical trial of a brief family intervention to reduce accommodation in obsessive-compulsive disorder: a preliminary study. Behav Ther. (2015) 46:218–29. doi: 10.1016/j.beth.2014.11.001

 77. Lebowitz ER, Shimshoni Y. The SPACE program, a parent-based treatment for childhood and adolescent OCD- the case of jasmine. Bull Menninger Clin. (2018) 82:266–87. doi: 10.1521/bumc.2018.82.4.266

 78. Paul D, Askland KD, Barlassina C, Bellodi L, Bienvenu Iii OJ, Black D. Revealing the complex genetic architecture of obsessive-compulsive disorder using meta-analysis. Mol Psychiatry. (2018) 23:1181. doi: 10.1038/mp.2017.154

 79. Do Rosario-Campos MC, Leckman JF, Curi M, Quatrano S, Katsovitch L, Miguel EC, et al. A family study of early-onset obsessive-compulsive disorder. Am J Med Genet B. (2005) 136B:92–7. doi: 10.1002/ajmg.b.30149

 80. Consortium C-DGotPG. Genomic relationships, novel loci, and pleiotropic mechanisms across eight psychiatric disorders. Cell. (2019) 179:1469–82. e11. doi: 10.1007/s11682-019-00092-w

 81. Sinopoli VM, Erdman L, Burton CL, Easter P, Rajendram R, Baldwin G, et al. Serotonin system gene variants and regional brain volume differences in pediatric OCD. Brain Imaging Behav. (2020) 14:1612–25. doi: 10.1016/j.cell.2019.11.020

 82. Mattheisen M, Samuesl JF, Wang Y, Greenberg BD, Fyer AJ, McCracken JT, et al. Supplementary information for “Genome-wide assocation study in obsessive-compulsive disorder: Results from the OCGAS”. Mol Psychiatry. (2014) 20:1–16. doi: 10.1038/mp.2014.43

 83. Walitza S, Marinova Z, Grunblatt E, Lazic SE, Remschmidt H, Vloet TD, et al. Trio study and meta-analysis support the association of genetic variation at the serotonin transporter with early-onset obsessive-compulsive disorder. Neurosci Lett. (2014) 580:100–3. doi: 10.1016/j.neulet.2014.07.038

 84. van Grootheest DS, Cath DC, Beekman AT, Boomsma DI. Twin studies on obsessive-compulsive disorder: a review. Twin Res Hum Genet. (2005) 8:450–8. doi: 10.1375/twin.8.5.450

 85. Pauls DL, Abramovitch A, Rauch SL, Geller DA. Obsessive-compulsive disorder: an integrative genetic and neurobiological perspective. Nat Rev Neurosci. (2014) 15:410–24. doi: 10.1038/nrn3746

 86. Cappi C, Oliphant ME, Peter Z, Zai G, Conceicao do Rosario M, Sullivan CAW, et al. De novo damaging dna coding mutations are associated with obsessive-compulsive disorder and overlap with tourette's disorder and autism. Biol Psychiatry. (2019) 87:1035–44. doi: 10.1016/j.biopsych.2019.09.029

 87. Lensi P, Casssano G, Correddu G, Ravagli S, Kunovack J, Akiskal HS. Obsessive-compulsive disorder. Familial-developmental history, symptomatology, comorbidity and course with special reference to gender-related differences. Br J Psychiatry. (1996) 169:101–7. doi: 10.1192/bjp.169.1.101

 88. Geller D, Wieland N, Carey K, Vivas F, Petty C, Johnson J, et al. Perinatal factors affecting expression of obsessive compulsive disorder in children and adolescents. J Child Adolesc Psychopharmacol. (2008) 18:373–9. doi: 10.1089/cap.2007.0112

 89. Vasconcelos M, Sampaio A, Hounie AG, Akkerman F, Curi M, Lopes AC, et al. Prenatal, perinatal, and postnatal risk factors in obsessive-compulsive disorder. Biol Psychiatry. (2007) 61:301–7. doi: 10.1016/j.biopsych.2006.07.014

 90. Huppert JD, Moser JS, Gershuny BS, Riggs DS, Spokas M, Filip J, et al. The relationship between obsessive-compulsive and posttraumatic stress symptoms in clinical and non-clinical samples. J Anxiety Dis. (2005) 19:127–36. doi: 10.1016/j.janxdis.2004.01.001

 91. Sasson Y, Dekel S, Nacasch N, Chopra M, Zinger Y, Amital D, et al. Posttraumatic obsessive-compulsive disorder: a case series. Psychiatry Res. (2005) 135:145–52. doi: 10.1016/j.psychres.2004.05.026

 92. Gershuny BS, Baer L, Parker H, Gentes EL, Infield AL, Jenike MA. Trauma and posttraumatic stress disorder in treatment-resistant obsessive-compulsive disorder. Depress Anxiety. (2008) 25:69–71. doi: 10.1002/da.20284

 93. Lafleur DL, Petty C, Mancuso E, McCarthy K, Biederman Faro A, Levy HC, et al. Traumatic events and obsessive compulsive disorder in children and adolescents: is there a link? J Anxiety Disord. (2010) 25:513–9. doi: 10.1016/j.janxdis.2010.12.005

 94. McGregor NW, Hemmings SM, Erdman L, Calmarza-Font I, Stein DJ, Lochner C. Modification of the association between early adversity and obsessive-compulsive disorder by polymorphisms in the MAOA, MAOB and COMT genes. Psychiatry Res. (2016) 246:527–32. doi: 10.1016/j.psychres.2016.10.044

 95. Gorka SM, Young CB, Klumpp H, Kennedy AE, Francis J, Ajilore O, et al. Emotion-based brain mechanisms and predictors for SSRI and CBT treatment of anxiety and depression: a randomized trial. Neuropsychopharmacol. (2019) 44:1639–48. doi: 10.1038/s41386-019-0407-7

 96. Swedo S, Leonard H, Mittleman B, Allen A, Rapoport J, Dow S, et al. Identification of children with pediatric autoimmune neuropsychiatric disorders associated with streptococcal infections by a marker associated with rheumatic fever. Am J Psychiatry. (1997) 154:110–2. doi: 10.1176/ajp.154.1.110

 97. Williams KA, Swedo SE. Post-infectious autoimmune disorders: Sydenham's chorea, PANDAS and beyond. Brain Res. (2015) 1617:144–54. doi: 10.1016/j.brainres.2014.09.071

 98. Mell LK, Davis RL, Owens D. Association between streptococcal infection and obsessive-compulsive disorder, Tourette's Syndrome, and tic disorder. J Pediatrics. (2005) 116:56–60. doi: 10.1542/peds.2004-2058

 99. Kurlan R, Johnson D, Kaplan EL, Group TSS. Streptococcal infection and exacerbations of childhood tics and obsessive-compulsive symptoms: a prospective blinded cohort study. Pediatrics. (2008) 121:1188–97. doi: 10.1542/peds.2007-2657

 100. Tourette's Syndrome Study Group. Treatment of ADHD in children with tics: a randomized controlled trial. Neurology. (2002) 58:527–36. doi: 10.1212/WNL.58.4.527

 101. Giedd JN, Rapoport JL, Garvey MA, Perlmutter S, Swedo SE. MRI assessment of children with obsessive-compulsive disorder or tics associated with streptococcal infection. Am J Psychiatry. (2000) 157:281–3. doi: 10.1176/appi.ajp.157.2.281

 102. Singer HS. Autoantibody-associated movement disorders in children: proven and proposed. Semin Pediatr Neurol. (2017) 24:168–79. doi: 10.1016/j.spen.2017.08.003

 103. Lepri G, Rigante D, Bellando Randone S, Meini A, Ferrari A, Tarantino G, et al. Clinical-serological characterization and treatment outcome of a large cohort of italian children with pediatric autoimmune neuropsychiatric disorder associated with streptococcal infection and pediatric acute neuropsychiatric syndrome. J Child Adolesc Psychopharmacol. (2019) 29:608–14. doi: 10.1089/cap.2018.0151

 104. Frick LR, Rapanelli M, Jindachomthong K, Grant P, Leckman JF, Swedo S, et al. Differential binding of antibodies in PANDAS patients to cholinergic interneurons in the striatum. Brain Behav Immun. (2018) 69:304–11. doi: 10.1016/j.bbi.2017.12.004

 105. Attwells S, Setiawan E, Wilson AA, Rusjan PM, Mizrahi R, Miler L, et al. Inflammation in the neurocircuitry of obsessive-compulsive disorder. JAMA Psychiatry. (2017) 74:833–40. doi: 10.1001/jamapsychiatry.2017.1567

 106. Miller BJ, Goldsmith DR. Inflammatory biomarkers in schizophrenia: Implications for heterogeneity and neurobiology. Biomark Neuropsychiatry. (2019) 1:100006. doi: 10.1016/j.bionps.2019.100006

 107. Fullana MA, Abramovitch A, Via E, Lopez-Sola C, Goldberg X, Reina N, et al. Diagnostic biomarkers for obsessive-compulsive disorder: A reasonable quest or ignis fatuus? Neurosci Biobehav Rev. (2020) 118:504–13. doi: 10.1016/j.neubiorev.2020.08.008

 108. Isung J, Williams K, Isomura K, Gromark C, Hesselmark E, Lichtenstein P, et al. Association of primary humoral immunodeficiencies with psychiatric disorders and suicidal behavior and the role of autoimmune diseases. JAMA Psychiatry. (2020) 77:1147–54. doi: 10.1001/jamapsychiatry.2020.1260

 109. Garvey M, Perlmutter S, Allen A, Hamburer S, Lougee L, Leonard H, et al. A pilot study of penicillin prophylaxis for neuropsychiatric exacerbations triggered by streptococcal infections. Biol Psychiatry. (1999) 45:1564–71. doi: 10.1016/S0006-3223(99)00020-7

 110. Snider LA, Lougee L, Slattery M, Grant P, Swedo SE. Antibiotic prophylaxis with azithromycin or penicillin for childhood-onset neuropsychiatric disorders. Biol Psychiatry. (2005) 57:788–92. doi: 10.1016/j.biopsych.2004.12.035

 111. Spartz EJ, Freeman GM Jr., Brown K, Farhadian B, Thienemann M, Frankovich J. Course of neuropsychiatric symptoms after introduction and removal of nonsteroidal anti-inflammatory drugs: a pediatric observational study. J Child Adolesc Psychopharmacol. (2017) 27:652–9. doi: 10.1089/cap.2016.0179

 112. Nery FG, Monkul ES, Hatch JP, Fonseca M, Zunta-Soares GB, Frey BN, et al. Celecoxib as an adjunct in the treatment of depressive or mixed episodes of bipolar disorder: a double-blind, randomized, placebo-controlled study. Hum Psychopharmacol. (2008) 23:87–94. doi: 10.1002/hup.912

 113. Muller N, Schwarz MJ, Dehning S, Douhe A, Cerovecki A, Goldstein-Muller B, et al. The cyclooxygenase-2 inhibitor celecoxib has therapeutic effects in major depression: results of a double-blind, randomized, placebo controlled, add-on pilot study to reboxetine. Mol Psychiatry. (2006) 11:680–4. doi: 10.1038/sj.mp.4001805

 114. Shalbafan M, Mohammadinejad P, Shariat SV, Alavi K, Zeinoddini A, Salehi M, et al. Celecoxib as an adjuvant to fluvoxamine in moderate to severe obsessive-compulsive disorder: a double-blind, placebo-controlled, randomized trial. Pharmacopsychiatry. (2015) 48:136–40. doi: 10.1055/s-0035-1549929

 115. Williams KA, Swedo SE, Farmer CA, Grantz H, Grant PJ, D'Souza P, et al. Randomized, controlled trial of intravenous immunoglobulin for pediatric autoimmune neuropsychiatric disorders associated with streptococcal infections. J Am Acad Child Adolesc Psychiatry. (2016) 55:860–7. e2. doi: 10.1016/j.jaac.2016.06.017

 116. Martino D, Schrag A, Anastasiou Z, Apter A, Benaroya-Milstein N, Buttiglione M, et al. Association of group a streptococcus exposure and exacerbations of chronic tic disorders: a multinational prospective cohort study. Neurology. (2021) 96:e1680–93. doi: 10.1212/WNL.0000000000011610

 117. Mataix-Cols D, Frans E, Perez-Vigil A, Kuja-Halkola R, Gromark C, Isomura K, et al. A total-population multigenerational family clustering study of autoimmune diseases in obsessive-compulsive disorder and Tourette's/chronic tic disorders. Mol Psychiatry. (2018) 23:1652–8. doi: 10.1038/mp.2017.215

 118. Orlovska S, Vestergaard C, Bech B, Nordentoft M, Vestergaard M, Benros M. Association of streptococcal throat infection with mental disorders: Testing key aspects of the pandas hypothesis in a nationwide study. JAMA Psychiatry. (2017) 74:740–6. doi: 10.1001/jamapsychiatry.2017.0995

 119. Kohler-Forsberg O, Petersen L, Gasse C, Mortenson PB, Dalsgaard S, Yolken RH, et al. A nationwide study in denmark of the association between treated infections and the subsequent risk of treated mental disorders in children and adolescents. JAMA Psychiatry. (2018) 76:271–9. doi: 10.1001/jamapsychiatry.2018.3428

 120. Murphy TK, Patel PD, McGuire JF, Kennel A, Mutch PJ, Parker-Athill EC, et al. Characterization of the pediatric acute-onset neuropsychiatric syndrome phenotype. J Am Acad Child Adolesc Psychiatry. (2015) 25:14–25. doi: 10.1089/cap.2014.0062

 121. Breithaupt L, Kohler-Forsberg O, Larsen JT, Benros ME, Thornton LM, Bulik CM, et al. Association of exposure to infections in childhood with risk of eating disorders in adolescent girls. JAMA Psychiatry. (2019) 76:800–9. doi: 10.1001/jamapsychiatry.2019.0297

 122. Dalmau J, Gleichman AJ, Hughes EG, Rossi JE, Peng X, Lai M, et al. Anti-NMDA-receptor encephalitis: case series and analysis of the effects of antibodies. Lancet Neurol. (2008) 7:1091–8. doi: 10.1016/S1474-4422(08)70224-2

 123. Gromark C, Harris RA, Wickstrom R, Horne A, Silverberg-Morse M, Serlachius E, et al. Establishing a pediatric acute-onset neuropsychiatric syndrome clinic: baseline clinical features of the pediatric acute-onset neuropsychiatric syndrome cohort at karolinska institutet. J Child Adolesc Psychopharmacol. (2019) 29:625–33. doi: 10.1089/cap.2018.0127

 124. Alexander GM, Crutcher MD, DeLong MR. Basal ganglia-thalamocortical circuits: Parallel substrates for motor, oculomotor, “prefrontal” and “limbic” functions. Prog Brain Res. (1990). 85:119–46. doi: 10.1016/S0079-6123(08)62678-3

 125. de Wit S, Alonso P, Schweren L, Mataix-Cols D, Lochner C, Menchón JM, et al. Multicenter voxel-based morphometry mega-analysis of structural brain scans in obsessive-compulsive disorder. Am J Psychiatry. (2014) 171:340–9. doi: 10.1176/appi.ajp.2013.13040574

 126. Weeland CJ, White T, Vriend C, Muetzel RL, Starreveld J, Hillegers MHJ, et al. Brain morphology associated with obsessive-compulsive symptoms in 2,551 children from the general population. J Am Acad Child Adolesc Psychiatry. (2021) 60:470–8. doi: 10.1016/j.jaac.2020.03.012

 127. Milad M, Rauch S. Obsessive-compulsive disorder: beyond segregated cortico-striatal pathways. TiCS. (2012) 16:43–51. doi: 10.1016/j.tics.2011.11.003

 128. Rasgon A, Lee W, Leibu E, Laird A, Glahn D, Goodman W, et al. Neural correlates of affective and non-affective cognition in obsessive compulsive disorder: A meta-analysis of functional imaging studies. Eur Psychiatry. (2017) 46:25–32. doi: 10.1016/j.eurpsy.2017.08.001

 129. Sunol M, Contreras-Rodríguez O, Macià D, Martínez-Vilavella G, Martínez-Zalacaín I, Subirà M, et al. Brain structural correlates of subclinical obsessive-compulsive symptoms in healthy children. Eur Neuropsychopharmacol. (2017) 27:S1017–S8. doi: 10.1016/S0924-977X(17)31783-2

 130. Huyser C, Veltman DJ, Wolters LH, de Haan E, Boer F. Functional magnetic resonance imaging during planning before and after cognitive-behavioral therapy in pediatric obsessive-compulsive disorder. J Am Acad Child Adolesc Psychiatry. (2010) 49:1238–48, 48. e1–5. doi: 10.1016/j.jaac.2010.08.007

 131. Kalra SK, Swedo SE. Children with obsessive-compulsive disorder: are they just “little adults”? J Clin Invest. (2009) 119:737–46. doi: 10.1172/JCI37563

 132. MacMaster F, O'Neill J, Rosenberg D. Brain imaging in pediatric obsessive-compulsive disorder. J Am Acad Child Adolesc Psychiatry. (2008) 47:1262–72. doi: 10.1097/CHI.0b013e318185d2be

 133. Boedhoe PSW, Schmaal L, Abe Y, Alonso P, Ameis SH, Anticevic A, et al. Cortical abnormalities associated with pediatric and adult obsessive-compulsive disorder: findings from the ENIGMA obsessive-compulsive disorder working group. Am J Psychiatry. (2018) 175:453–62. doi: 10.1176/appi.ajp.2017.17050485

 134. Kong X-Z, Boedhoe PSW, Denys D, Van Den Heuvel OA, Francks C. Mapping cortical and subcortical asymmetry in obsessive-compulsive disorder: findings from the ENIGMA consortium. Biol Psychiatry. (2020) 87:1022–34. doi: 10.1016/j.biopsych.2019.04.022

 135. Kooijman MN, Kruithof CJ, van Duijn CM, Duijts L, Franco OH, van IMH, et al. The Generation R Study: design and cohort update 2017. Eur J Epidemiol. (2016) 31:1243–64. doi: 10.1007/s10654-016-0224-9

 136. Gilbert AR, Moore GJ, Keshavan MS, Paulson LAD, Narula V, MacMaster FP, et al. Decrease in thalamic volumes of pediatric patients with obsessive-compulsive disorder who are taking paroxetine. Arch Gen Psychiatry. (2000) 57:449–56. doi: 10.1001/archpsyc.57.5.449

 137. Jaspers-Fayer F, Lin SY, Chan E, Ellwyn R, Lim R, Best J, et al. Neural correlates of symptom provocation in pediatric obsessive-compulsive disorder. Neuroimage Clin. (2019) 24:102034. doi: 10.1016/j.nicl.2019.102034

 138. Fitzgerald KD, Welsh RC, Stern ER, Angstadt M, Hanna G, Abelson J, et al. Developmental alterations of frontal-striatal-thalamic connectivity in obsessive-compulsive disorder. J Am Acad Child Adolesc Psychiatry. (2011) 50:938–48.e3. doi: 10.1016/j.jaac.2011.06.011

 139. Geller DA, Abramovitch A, Mittelman A, Stark A, Ramsey K, Cooperman A, et al. Neurocognitive function in paediatric obsessive-compulsive disorder. World J Biol Psychiatry. (2018) 19:1–10. doi: 10.1080/15622975.2017.1282173

 140. Geller DA. Enduring effects of cognitive-behavioral therapy for pediatric obsessive-compulsive disorder: the nordic experience. J Am Acad Child Adolesc Psychiatry. (2017) 56:918–9. doi: 10.1016/j.jaac.2017.09.417

 141. Abramovitch A, Abramowitz JS, Mittelman A. The neuropsychology of adult obsessive-compulsive disorder: a meta-analysis. Clin Psychology Rev. (2013) 33:1163–71. doi: 10.1016/j.cpr.2013.09.004

 142. Bey K, Kaufmann C, Lennertz L, Riesel A, Klawohn J, Heinzel S, et al. Impaired planning in patients with obsessive-compulsive disorder and unaffected first-degree relatives: Evidence for a cognitive endophenotype. J Anxiety Disord. (2018) 57:24–30. doi: 10.1016/j.janxdis.2018.05.009

 143. Bora E. Meta-analysis of neurocognitive deficits in unaffected relatives of obsessive-compulsive disorder (OCD): comparison with healthy controls and patients with OCD. Psychol Med. (2020) 50:1–10. doi: 10.1017/S0033291720001634

 144. Geller D, Biederman J, Griffin S, Jones J, Lefkowitz TR. Comorbidity of juvenile obsessive-compulsive disorder with disruptive behavior disorders. J Am Acad Child Adolesc Psychiatry. (1996) 35:1637–46. doi: 10.1097/00004583-199612000-00016

 145. Geller DA. The promise and challenge of obsessive-compulsive disorder research. Biol Psychiatry. (2007) 61:263–5. doi: 10.1016/j.biopsych.2006.12.012

 146. Walitza S, Zellmann H, Irblich B, Lange KW, Tucha O, Hemminger U, et al. Children and adolescents with obsessive-compulsive disorder and comorbid attention-deficit/hyperactivity disorder: preliminary results of a prospective follow-up study. J Neural Transm. (2008) 115:187–90. doi: 10.1007/s00702-007-0841-2

 147. Geller D, March J, Committee A. Practice parameter for the assessment and treatment of children and adolescents with obsessive-compulsive disorder. J Am Acad Child Adolesc Psychiatry. (2012) 51:98–113. doi: 10.1016/j.jaac.2011.09.019

 148. Bridge J, Iyengar S, Salary CB, Barbe RP, Birmaher B, Pincus HA, et al. Clinical Response and risk for reported suicidal ideation and suicide attempts in pediatric antidepressant treatment: a meta-analysis of randomized controlled trials. JAMA. (2007) 297:1683–96. doi: 10.1001/jama.297.15.1683

 149. Storch EA, Wilhelm S, Sprich S, et al. Efficacy of augmentation of cognitive behavior therapy with weight-adjusted d-cycloserine vs placebo in pediatric obsessive-compulsive disorder: a randomized clinical trial. JAMA Psychiatry. (2016) 73:779–88. doi: 10.1001/jamapsychiatry.2016.1128

 150. Melin K, Skarphedinsson G, Thomsen PH, Weidle B, Torp NC, Valderhaug R, et al. Treatment gains are sustainable in pediatric obsessive-compulsive disorder: three-year follow-up from the NordLOTS. J Am Acad Child Adolesc Psychiatry. (2019) 59:244–53. doi: 10.1016/j.jaac.2019.01.010

 151. Murphy TK, Brennan EM, Johnco C, Parker-Athill EC, Miladinovic B, Storch EA, et al. A Double-blind randomized placebo-controlled pilot study of azithromycin in youth with acute-onset obsessive-compulsive disorder. J Child Adolesc Psychopharmacol. (2017) 27:640–51. doi: 10.1089/cap.2016.0190

 152. Storch EA, Small BJ, McGuire JF, Murphy TK, Wilhelm S, Geller DA. Quality of life in children and youth with obsessive compulsive disorder. J Child Adolesc Psychopharmacol. (2017) 28:104–110. doi: 10.1089/cap.2017.0091

 153. Geller DA, Biederman J, Stewart SE, Mullin B, Martin A, Spencer T, et al. Which SSRI? a meta-analysis of pharmacotherapy trials in pediatric obsessive compulsive disorder. Am J Psychiatry. (2003) 160:1919–28. doi: 10.1176/appi.ajp.160.11.1919

 154. March J, Foa E, Gammon P, Chrisman A, Curry J, Fitzgerald D, et al. Cognitive-behavior therapy, sertraline, and their combination for children and adolescents with obsessive-compulsive disorder: the pediatric ocd treatment study (POTS) randomized controlled trial. JAMA. (2004) 292:1969–76. doi: 10.1001/jama.292.16.1969

 155. Højgaard D, Hybel KA, Ivarsson T, Skarphedinsson G, Becker Nissen J, Weidle B, et al. One-year outcome for responders of cognitive-behavioral therapy for pediatric obsessive-compulsive disorder. J Am Acad Child Adolesc Psychiatry. (2017) 56:940–7. doi: 10.1016/j.jaac.2017.09.002

 156. Mancebo MC, Boisseau CL, Garnaat SL, Eisen JL, Greenberg BD, Sibrava NJ, et al. Long-term course of pediatric obsessive-compulsive disorder: 3 years of prospective follow-up. Compr Psychiatry. (2014) 55:1498–504. doi: 10.1016/j.comppsych.2014.04.010

 157. Eisen JL, Sibrava NJ, Boisseau CL, Mancebo MC, Stout RL, Pinto A, et al. Five-year course of obsessive-compulsive disorder: predictors of remission and relapse. J Clin Psychiatry. (2013) 74:233–9. doi: 10.4088/JCP.12m07657

 158. Fatori D, de Braganca Pereira CA, Asbahr FR, Requena G, Alvarenga PG, de Mathis MA, et al. Adaptive treatment strategies for children and adolescents with obsessive-compulsive disorder: a sequential multiple assignment randomized trial. J Anxiety Disord. (2018) 58:42–50. doi: 10.1016/j.janxdis.2018.07.002

Conflict of Interest: DG has received grant or research support from the Eunice Kennedy Shriver National Institute of Child Health and Human Development subcontract with Duke Clinical Research Center Pediatric Trials Network, the National Institute of Mental Health, Biohaven Pharmaceuticals, Boehringer Ingelheim, Eli Lilly and Co., Forest Pharmaceuticals, GlaxoSmithKline, the International OCD Foundation, Neurocrine Biosciences, Nuvelution Pharma, Peace of Mind Foundation, Pfizer, Solvay, Syneos Health, Teva Pharmaceutical Industries, Emalex, the OCD Foundation, and the Tourette Association of America.He has served as a consultant to the Arlington Youth Counseling Center. He has served on the editorial board of the Journal of the American Academy of Child and Adolescent Psychiatry, Comprehensive Psychiatry and Annals of Clinical Psychiatry. He has received honoraria from the Massachusetts Psychiatry Academy and the American Academy of Child and Adolescent Psychiatry. He has previously held stock options/ownership in Assurex Health, Revolution Clinics and CD Services of America.

The remaining 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.

Copyright © 2021 Geller, Homayoun and Johnson. 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: 24 June 2021
doi: 10.3389/fpsyt.2021.667167






[image: image2]

Treatment Adherence as Predictor of Outcome in Concentrated Exposure Treatment for Obsessive-Compulsive Disorder

Kristian Tjelle1,2,3, Håvard Berg Opstad1,3, Stian Solem2,3, Gunvor Launes4,5, Bjarne Hansen2,6, Gerd Kvale2,5 and Kristen Hagen1,2,7*


1Department of Psychiatry, Møre og Romsdal Hospital Trust, Molde Hospital, Molde, Norway

2Bergen Center for Brain Plasticity, Division of Psychiatry, Haukeland University Hospital, Bergen, Norway

3Department of Psychology, Norwegian University of Science and Technology, Trondheim, Norway

4Division of Psychiatry, Sørlandet Hospital, Kristiansand, Norway

5Department of Clinical Psychology, University of Bergen, Bergen, Norway

6Department of Psychosocial Sciences, University of Bergen, Bergen, Norway

7Department of Mental Health, Norwegian University of Science and Technology, Trondheim, Norway

Edited by:
Helen Blair Simpson, Columbia University Irving Medical Center, United States

Reviewed by:
Michael Grady Wheaton, Columbia University, United States
 Marina Gershkovich, Columbia University Irving Medical Center, United States

*Correspondence: Kristen Hagen, kristen.hagen@helse-mr.no

Specialty section: This article was submitted to Mood and Anxiety Disorders, a section of the journal Frontiers in Psychiatry

Received: 12 February 2021
 Accepted: 28 May 2021
 Published: 24 June 2021

Citation: Tjelle K, Opstad HB, Solem S, Launes G, Hansen B, Kvale G and Hagen K (2021) Treatment Adherence as Predictor of Outcome in Concentrated Exposure Treatment for Obsessive-Compulsive Disorder. Front. Psychiatry 12:667167. doi: 10.3389/fpsyt.2021.667167



Background: The treatment of choice for obsessive-compulsive disorder (OCD) is exposure and response prevention (EX/RP). Previous studies have demonstrated that treatment adherence predicts treatment outcome for patients with OCD, but there is little knowledge on its role in concentrated exposure treatment for OCD.

Method: In the present study, 42 patients received EX/RP treatment using the Bergen 4-day format. Adherence was measured with the Exposure and Response Prevention Adherence Scale (PEAS, rated both by patients and therapists) after the second and third day. Treatment outcome (symptoms of OCD, depression, anxiety, work- and social functioning, and well-being) was assessed at 3-month follow-up.

Results: At follow-up, 71.4% were in remission. High adherence was reported (mean score of 6 on a 1–7 scale). The combination of patient- and therapist rated adherence was significantly associated with treatment outcome whilst controlling for age, sex, and pre-treatment scores. Patients with higher degree of adherence reported less symptoms, higher functioning, and more well-being at follow-up.

Conclusions: The results of the present study indicated that adherence in concentrated exposure treatment is significantly associated with a wide range of treatment outcomes for OCD.

Keywords: obsessive-compulsive disorder, treatment adherence and outcome, exposure and response prevention, concentrated treatment, the Patient EX/RP Adherence Scale, Work and Social Adjustment Scale, quality of life


INTRODUCTION

Exposure and response prevention (EX/RP) is an effective treatment for obsessive-compulsive disorder (OCD), and is recommended in treatment guidelines (1). EX/RP is effective in various formats (2–4), including brief, concentrated, or intensive treatment (5–8). Intensive treatments have been defined as interventions lasting <4 weeks, and often involves daily sessions (9). Intensive formats have shown similar effects as more standard treatments which use weekly or twice-weekly sessions (5, 7, 10). The Bergen 4-day format (B4DT) is one example of such concentrated treatment for OCD. Patients receive individual treatment in a group setting. The B4DT demonstrated promising treatment outcomes (11–15). Studies investigating the long-term outcome, report a recovery rate around 70% at 1- and 4-year follow-up (16, 17).

Some early studies suggested that adherence to EX/RP procedures was associated with positive treatment outcomes (18–23), while others found non-significant results [e.g., (24)]. These studies had different ways of assessing adherence including measures without established reliability and validity. Some of the studies also suggested that certain types of adherence could be more important than others. For instance, one of the studies found that understanding the treatment rationale and compliance with in-session and homework exposure instructions were related to outcome (19). However, they did not find ritual prevention and self-monitoring of rituals to be important.

To address issues concerning multiple different ways of assessing adherence, the Patient EX/RP Adherence Scale (PEAS) was developed (25). The PEAS quantifies how well patients adhere to exposure tasks. The authors devised the PEAS to tap components of standard EX/RP thought necessary for good outcomes (26). These involve confronting fears and stopping rituals (27). The PEAS included three items: (1) the number of exposures the patient attempted (as a percentage of those assigned), (2) the quality of attempted exposures, and (3) the patient's degree of success with response prevention. As a global measure of patient adherence, the three PEAS items are averaged at each session and then across all sessions.

Some studies have investigated treatment adherence in EX/RP for OCD using the PEAS, but there is no knowledge about the role of patient adherence in concentrated treatment formats. For standard OCD treatment, Simpson et al. (21, 22) found that higher scores on the PEAS predicted lower OCD severity at post-treatment and 6-month follow-up in a sample of 30 patients receiving twice-weekly EX/RP. Similarly, Wheaton et al. (23) found that therapist rated adherence strongly predicted symptom severity at post-treatment for twice-weekly EX/RP. More specifically, they found that it was especially the third component of the PEAS (being successful with the exposure assignments) that explained most variance in treatment outcome. They also found that response prevention tended to increase across sessions, and that patients doing response prevention 90% of the time were successful in treatment, while patients with 75% or less had poor prognosis. Patients' adherence with EX/RP homework also predicted post-treatment outcome (but not follow-up) in a sample of 50 patients with OCD receiving twice-weekly EX/RP (28).

Traditionally, studies on the effect of treatment adherence have focused on symptom severity rather than patients' functioning. Although, EX/RP is found to be effective for symptom severity, less is known about its impact on functional impairment (29–31) and well-being (e.g., positive mental health). Functional impairment refers to difficulties with engaging in daily-life activities such as work and socially, due to psychological symptomatology (32). To investigate functional impairment it is recommended to make use of self-report instruments to take into account patients' own subjective experiences (33, 34). To our knowledge, there have been no studies relating treatment adherence to functional impairment like work- and social adjustment and well-being. It is also the first of its kind to do so under the investigation of a brief, concentrated, or intensive treatment form.

The aim of the present study was therefore to explore whether patients' adherence to treatment principles of the concentrated EX/RP-treatment predict treatment outcome at post-treatment and 3-month follow-up in a concentrated EX/ER format. We hypothesized that high adherence to treatment principles would be associated with better treatment outcomes. We also expected that adherence scores would be higher than in standard EX/RP given the brief time interval and the close contact with therapist. Furthermore, we wanted to investigate whether these ratings also predicted changes within the domains of well-being and functional impairment. The main hypothesis was that treatment adherence would be associated with better treatment outcomes across all measures.



METHODS


Participants and Procedure

Treatment was delivered as part of the specialist health care service in Norway. The study was part of a randomized controlled trial completed at Sørlandet Hospital. The study was approved by the Regional Committee for Medical and Health Research Ethics (Reference Number 2016/794) in addition to being registered in ClinicalTrials.gov (Identifier: NCT02886780). All patients signed an informed consent before inclusion to the study.

Eligible patients for OCD treatment were referred from their general practitioner to the OCD-team, which is part of the public specialist outpatient mental health care. Patients referred to the clinic were offered the opportunity to either opt for the concentrated treatment study, or the standard treatment offered at the clinic (individual EX/RP with weekly sessions). They were then randomized either to B4DT (n = 16), a 3-month unguided self-help (SH; n = 16) based on a manual by Kozak and Foa (26), or a 3-month waiting list (WL; n = 16). The patients that were randomized to the SH- or WL-condition who wanted more treatment were offered the B4DT after the initial intervention period. In total, 26 of the 32 patients (81.3%) requested to do so. The total sample size for this study was therefore 42. The patients were assessed at pre-treatment, post-treatment, and 3-month follow-up.

Referred patients were screened and evaluated for eligibility using the Structured Clinical Interview for DSM-5 [SCID-5; (35)]. Severity of OCD symptoms was assessed using the Yale-Brown Obsessive Compulsive Scale [Y-BOCS; (36)]. The SCID-5 and Y-BOCS interviews were conducted by an experienced and independent assessor. Criteria for inclusion were as follows: the patient had to be 18 years or older and fluent in Norwegian, fulfilling diagnostic criteria for OCD according to the DSM-5 and have a score on the Y-BOCS of 16 points or more.

Patients with ongoing substance abuse/dependence, bipolar disorder, psychosis, suicidal ideation or plans, and intellectual disability (based on previous medical history) were excluded. Patients were also excluded if antidepressants had not been stabilized or if they were unwilling to refrain from anxiolytics and alcohol during the 2 days of exposure. All patients included complied with the aforementioned pre-requisites. Due to an ongoing national trial for treatment non-responders, patients with a full course of prior CBT for OCD were referred to that study instead.

The sample consisted of 42 patients (76.2% female) with a mean age of 30.1 (SD = 10.7). Demographics and clinical characteristics prior to treatment are displayed in Table 1. The OCD symptom intensity for the group as a whole was moderate to severe. In addition, the sample showed moderate symptoms of depression and generalized anxiety. Close to half of the sample (45.2%) received some type of disability benefit, 33.3% worked, and 21.4% were students. A total of 45.2% used some type of psychotropic medication (26.2% used SSRIs).


Table 1. Sample characteristics and change in symptoms, well-being, and work- and social functioning.
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Treatment

All patients received the Bergen 4-day treatment (B4DT), which is a concentrated EX/RP treatment delivered during 4 consecutive days (16, 17). The treatment was delivered in a combination of a group setting and individual EX/RP, delivered simultaneously to 3–6 patients by the same number of therapists.

The first day (3 h) consisted of psychoeducation of EX/RP in a group setting and preparation of individual tailored exposure tasks for the coming days. The second day starts with a demonstration on how to maximize the effect of EX/RP. This demonstration is carried out both in the group setting and individually. The patients are encouraged to do the exposure without any subtle avoidance and refrain from all safety behavior, which is explained as “lean into the anxiety” [see (16)]. For the remainder of the second day and the third day (8 h each day), patients were engaged in therapist-assisted EX/RP conducted in a wide range of settings (primarily outside the clinic). In the afternoon, the patients were encouraged to continued self-administered EX/RP and report to their therapist on their progress. In the afternoon of the third day, the patients' friends and relatives were invited to a psychoeducation meeting (1.5 h). The fourth day starts with a summary of the treatment, planning how to continue EX/RP on their own, and focus on relapse prevention. Three months after the treatment, the patients were scheduled for a follow-up session (30 min), with focus on repetition of the treatment components [see (13) for further description of the treatment].



Measures

The Patient EX/RP Adherence Scale [PEAS; (25)] is a 3-item form, which assesses the patient's between-session adherence to the therapist's EX/RP instructions. The scale was designed to focus on the key procedures of EX/RP and to be brief enough to be used after each treatment session. The scale demonstrated excellent inter-rater reliability and good face- and content validity (25). Assessments of adherence were carried out both by therapist and the patients themselves at the end of the 2 days of exposure (day 2 and 3). Both therapist- and patient rated PEAS were scored as an overall impression of within-session adherence (therapist-assisted exposure and partly-therapist assisted exposure) and between-session adherence (unassisted homework assignments in the afternoon). The therapists' adherence ratings were scored before treatment the following day, while the patients' adherence ratings were scored either in the afternoon (late afternoon) or the next morning. Combined scores of the PEAS were calculated by averaging the patient- and therapist rated scores (i.e., a patient rated score of 6.5 and a therapist rated score of 5.5 equaled to a combined score of 6.0).

The first item of the PEAS concerns percentage of exposures that the patient attempted. Scores range from 1 (none, 0%) to 7 (all, 100%). A score of 4 equals to 50%. The second item concerns how well the patient did the assigned exposures. Scores range from 1 (refused, none) to 7 (excellent, all of the exposures attempted were performed as assigned by the therapist). A score of 4 equals to making a good effort to conduct the exposures but giving into compulsions during or after the exposure. The third and final item concerns response prevention (e.g., to what extent the patient successfully resisted the urge to ritualize). Scores range from 1 (none) to 7 (most, above 90%). A score of 4 on item 3 equals to 50%. For the current study, we used mean item scores when reporting PEAS results.

The Yale-Brown Obsessive-Compulsive Scale [Y-BOCS; (36, 37)] was used to assess severity of OCD symptoms. The scale consists of a symptom checklist covering obsessions and compulsions and a severity scale. The severity scale consists of different 10 items, rated on a 5-point scale ranging from 0 (no symptoms) to 4 (severe symptoms). The total score ranges from 0 to 40.

The Patient Health Questionnaire-9 [PHQ-9; (38)] is a 9-item self-administered screening instrument for depression. The total score ranges from 0 to 27. A score of 10 or more is considered indicative of a depressive disorder. The psychometric properties of PHQ-9 are well-established (39, 40).

Generalized Anxiety Disorder Scale [GAD-7; (41)] is a 7-item measure of generalized anxiety symptoms. The total score ranges from 0 to 21. The psychometric properties are well-established (38, 42).

The Work and Social Adjustment Scale [WSAS; (29)] is a five-item questionnaire that focus on an individual's impairment in areas of work, social and private activities, functioning at home and close relationships. Each item is rated on a 9-point scale ranging from 0 (not at all) to 8 (very severe). Total scores range from 0 to 40, with higher scores indicating higher levels of functioning impairment. The WSAS has good internal consistency and test–retest reliability (29, 43).

The Warwick-Edinburgh Mental Well-being Scale [WEMWBS; (44)] is a 14-items questionnaire covering issues such as positive affect, level of functioning, and relationships over the past 2 weeks. Total scores range from 14 to 70 with higher scores indicating greater well-being. The WEMWBS scale has good psychometric properties (45).




Statistical Analyses

To investigate the relationship between adherence and OCD symptoms, we used Pearson correlations. We also conducted five hierarchical multiple regression analyses to examine treatment adherence as a predictor of OCD symptoms, symptoms of anxiety and depression, well-being, and work- and social function at 3-month follow-up. The regressions controlled for age and sex (step 1), and the pre-treatment value of the dependent variable (step 2). The treatment adherence scores was computed by combining the patient- and therapist rated versions of PEAS (step 3).

Missing data were imputed using expectation maximization (EM). The dataset had a relatively low amount of missing data (3.3%). For imputing the missing data, outcome variables at each time point were included (46). The missing data were found to be completely at random [Little's MCAR test [image: image] = 500.03, p = 0.758].




RESULTS

Treatment was associated with improvement in OCD symptoms. At follow-up, 71.4% (n = 30) were classified as in remission (scoring 12 or below on Y-BOCS and having at least 35% improvement on Y-BOCS). The within-group effect size (using pooled SD) from pre-treatment to follow-up was 3.56 for Y-BOCS. For the other outcomes measures the effect sizes were 1.47 (GAD-7), 1.04 (PHQ-9), 1.10 (WSAS), and −0.55 (WEMWBS).

Both patients and therapists rated strong adherence (mean score of 6 on a 1–7 scale). Therapists rated adherence slighter higher than patients (see Table 1). This difference equaled to an effect size of 0.88. Patients' ratings for the three items of PEAS were quite similar with a mean of 5.9 (SD = 0.9) for item 1 (doing all the exposures), 5.4 (SD = 0.8) for item 2 (quality of exposures), and 5.6 (SD = 0.9) for item 3 (response prevention).

Treatment adherence (patient- and therapist rated) was significantly correlated with Y-BOCS scores at post-treatment (r = −0.59, p < 0.001) and 3-month follow-up (r = −0.54, p < 0.001). In general, the combined scores showed stronger correlations with treatment outcome, than therapist- or patient rated adherence alone. Treatment adherence (combined variable) was significantly correlated with all outcome measures (except GAD-7 post-treatment). There were no significant correlation between pre-scores for any of the outcome measures and adherence with the exception of Y-BOCS and WEMWBS. Higher Y-BOCS scores at pre-treatment were associated with lower patient rated adherence. Higher WEMWBS scores were associated with higher patient rated adherence. See Table 2 for further details.


Table 2. Relationship between treatment adherence and treatment outcome measures.
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Five hierarchical multiple regression analysis were used to assess the ability of the combined therapist and patient rated PEAS to predict 3-month follow-up scores for all outcome measures. PEAS was a significant predictor for Y-BOCS, PHQ-9, GAD-7, WSAS, and WEMWBS. Age and sex on step 1 was not significant for any of the five regressions. A summary of the regression analyses is displayed in Table 3. For Y-BOCS, the R2 was 0.29 (Adj. R2 = 0.211). Pre-treatment Y-BOCS on step 2 was not significant. However, PEAS on step 3 was significant, explaining an additional 25.6% of the variance.


Table 3. Treatment adherence as a predictor of 3-month follow-up.
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For PHQ-9, the R2 was 0.43 (Adj. R2 = 0.37). Pre-treatment PHQ-9 was significant on step 2 explaining 20.4%. PEAS on step 3 added another 19.6% of explained variance and was a significant predictor. For GAD-7 the R2 was 0.40 (Adj. R2 = 0.33). Pre-treatment GAD-7 on step 2 was not significant, but PEAS on step 3 added an additional 28.8% of explained variance.

For WSAS the R2 was 0.38 (Adj. R2 = 0.31). Pre-treatment WSAS on step 2 explained 15.9% of the variance. PEAS on step 3 added another 17.2% of explained variance. Finally, for WEMWBS, the R2 was 0.57 (Adj. R2 = 0.52). Step 1 was not significant. Pre-treatment WEMWBS explained 37.8%, while PEAS on step 3 added another 9.3% of explained variance.

Comparisons were made between patients' ratings on item 2 (quality of the exposure exercise or how well they did the exposures) of the PEAS. Patients were rated as low on adherence if they had a score below 5 (score of 4 equalled to “made a good effort to conduct the exposures as assigned by the therapist but gave into compulsions during or after the exposure”). Patients scoring 5 or higher [score of 5 equalled to “good, completed the exposures as assigned by the therapist (e.g., appropriate exposure, correct amount of time) with minimal compulsions or safety aids during or afterwards] were rated as high on adherence. Patients scoring themselves low on adherence had more symptoms of OCD and anxiety as well as lower work- and social functioning at 3-month follow-up. They also had lower scores on well-being. A graphical summary is displayed in Figure 1.


[image: Figure 1]
FIGURE 1. Comparisons between patients rating themselves high or low on quality of exposures attempted. *** < 0.001, * < 0.05.




DISCUSSION

This study investigated the relationship between patients' adherence to EX/RP principles and treatment outcome. As predicted, there was a relatively strong relationship between adherence and treatment outcome. The strongest relationships were found when using the combined adherence score (both patient- and therapist rated). The present results are in line with previous studies that have revealed similar patterns in standard OCD treatment (21–23). This thereby strengthens the evidence for adherence as a predictor of treatment outcome. The study also extends these findings, by using a concentrated treatment format, and showing that adherence was also related to symptoms of anxiety and depression, well-being, and work- and social functioning. This implies that adherence could be an important factor for successful treatment of OCD.

The adherence scores were quite high with mean scores of 6.2 (therapist rated) and 5.7 (patient rated) on a 1–7 scale. Also, there were quite small standard deviations (0.6–0.7). These mean scores are considerably higher than previous studies [e.g., (25)]. The discrepancy may be related to differences in measuring treatment adherence. In this study, some of the exposure tasks were therapist-assisted, others partly assisted, whilst homework assignments were unassisted. The therapist's rating was a total impression based on within- and between-session (homework) adherence. The rating summarized adherence to all exposure tasks conducted that day. In comparison, other studies have limited ratings to between-session adherence.

The PEAS is only scored for 2 days of exposure, and it might me easier to do exposure tasks when the time-interval is so brief. Much of the day is spent together with the therapist, and there is also contact between the patient and the therapist in the period when the patient do homework. The treatment also stresses the importance of having a clear plan for homework, which might increase the adherence. Therefore, the intensive format, the close contact with the therapist, and ratings that include both within- and between-session adherence, are all likely reasons for the difference in adherence scores between studies. Other possible reasons for the high adherence scores could be related to the concentrated format making it easier for the patient to adhere to the treatment principles given the short time period and that patients selecting this format are more motivated or able to sustain motivation during this brief period.

The change in OCD symptoms from pre-treatment to follow-up was large (d = 3.56), and likely related to the high level of adherence reported. This finding is important for patients who struggle with motivation for EX/RP treatment. The results suggested that the quality of exposure tasks attempted should be rated 5 (“good”) or higher by the patients. Scores below 5 should be taken as indications that therapeutic interventions may be needed in order to strengthen adherence.

The fact that therapists rate patients as more adherent than the patients rated themselves could indicate that patients tend to be more self-critical. But it could also be due to them having more information about exposure and response prevention in situations where the therapists was not present. Another explanation could be that it may be less clear for patients to distinguish rituals and avoidance from normal behavior. Therapist rated adherence was not related to patients' pre-treatment levels of OCD, depression, anxiety, well-being, or functioning. However, there were significant correlations between patients' ratings of adherence and their symptoms (OCD and depression but not anxiety symptoms) and well-being (but not functioning). This could be due to report style or a possible indication that it is more difficult to adhere for patients with higher severity.

A relevant aspect to the role of adherence in treatment of OCD concerns how therapists can increase compliance. One study suggested that the theraputic alliance and motivation was associated with adherence to OCD treatment (47). As discussed by the authors, this suggests that taking time to prepare patients for treatment, collaborativly developing a case formulation, and ensuring that the patient understands and agrees with the treatment rationale before conducting exposure can have a strong impact on adherence and outcome (48–50). This corroborates with related findings suggesting that understanding the treatment rationale and compliance with in-session and homework exposure instructions are related to outcome (19). Future studies could explore if it is possible to manipulate degree of adherence. This could involve adjusting treatment rationale, case formulation, and motivational interventions, but also explore other possible factors associated with adherence.

There is a limitation that the study only included short-term follow-up data and there was no inter-rater reliability statistic. Therefore, it is still unknown whether adherence affects long term treatment outcomes. Also, we do not know how well the patients adhered to treatment principles after the treatment period was over. Furthermore, the sample size limited the number of variables that could be included in the regression analyses. It is also a limitation that the study did not include patients that had been previously treated with EX/RP, because there was an ongoing parallel study for difficult-to-treat OCD-patients (51). Therefore, future studies should investigate the role of adherence using larger samples and in patients that have relapsed or not responded to previous treatments.

It has previously been discussed that it could be conceptually difficult to disentangle treatment compliance from treatment outcome as one would expect considerable overlap (19). It was posited that adherence to exposure instructions is both compliance and progress (outcome) and could thereby explain strong relationships between the two. Especially the third item of PEAS overlaps with Y-BOCS items concerning patients' ability to resist and control compulsions. However, in the current study we also included outcome measures that are not directly connected to OCD. And the results were in similar; adherence was related also to depression, anxiety, well-being, and functioning, not only symptoms of OCD.

In conclusion, the results of the present study indicated that adherence to the treatment was an important factor for treatment outcome. This finding was not restricted to symptoms of OCD. Adherence was also important for symptoms of anxiety and depression, well-being, and work- and social functioning. Future research should explore strategies aimed at improving patient adherence and thereby potentially improve treatment outcome.
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Background: The non-clinical presentation of obsessive–compulsive symptoms (OCS) in women may impact not only their daily lives and well-being but also increase the risk for emotional and behavioral problems in their children. This study aims to investigate the OCS dimension distribution in a large sample of mothers from a cohort of school age children and the association between these OCS dimensions with their own psychopathology, and with the presence of OCS and other psychopathology in their children.

Method: Our final sample consisted of 2,511 mother-children dyads recruited from the elementary schools of two large cities. Throughout multiple regression analysis, we examined the correlations between demographic and clinical variables of mothers assessed by the Mini International Psychiatric Interview (MINI) and the Dimensional Yale-Brown Obsessive-Compulsive Scale-Short Version (DY-BOCS-SV) with children's psychopathology status reported by the Child Behavior Checklist (CBCL).

Results: The overall prevalence of mothers who reported experiencing at least one OCS was 40% (N = 1,004). “Aggression/violence” was the most frequent symptom dimension (32.2%), followed by the “symmetry/ordering” (16.4%) and the “sexual/religious” dimensions (13.8%). There was a significant correlation between the presence of OCS and maternal psychopathology in general (p < 0.001, r = 0.397). Not only the presence but also the severity of the mother's OCS were strongly correlated to the total (p < 0.001), internalizing (p < 0.001), externalizing (p < 0.001), and OCS subscale scores (p < 0.001) on the CBCL.

Conclusion: OCS dimensions are highly prevalent in women. Presence and severity of maternal OCS are related to children's psychopathology and behavioral problems.

Keywords: obsessive-compulsive symptoms, symptom dimensions, comorbidities, psychopathology, school age children, mother-child dyads


INTRODUCTION

The lifetime prevalence of obsessive–compulsive disorder (OCD) in the general population is estimated to be around 1–2% (1). However, obsessive–compulsive symptoms (OCS) are much more prevalent than the full-blown OCD, ranging from 21 to 25% in the community (2) to more than 80% in clinical samples (3).

It is well-established that OCD may cause a lot of distress and interference not only to the patient but to the entire family (4–6). More recently, some studies have shown that non-clinical presentations of OCD may also cause a huge impact on family, social and academic functioning (7, 8). The presence of OCS has also been associated with an increased risk for specific psychiatric disorders in adults such as anxiety, mood and eating disorders (9). Particularly among women, since they are most often the children's main caregiver, the presence of OCS may increase the risk for OCD and/or other psychiatric disorders in their children, having a direct impact on the well-being of their offspring (10, 11).

For instance, Frías et al. (10) have found higher frequencies of the overprotective parenting style, among mothers with OCD, when compared with healthy controls. According to the authors, this dysfunctional parental style may partly account for higher levels of depression and anxiety in their children. Similarly, Coppola et al. (11) described that the presence of OCS in mothers from a community sample was associated with higher levels of parental stress and the presence of OCS in children. Other studies have shown that dysfunctional parenting, including overprotection and controlling, authoritarian and negative behaviors are more frequent in parents with OCS (12–14) and that they increase the risk for children to have higher levels of over responsibility, obsessional beliefs related to responsibility and threat estimation, as well as higher rates of psychiatric symptoms, including OCS (15).

Even though OCD was considered as a unique disorder for many years, more recent studies have demonstrated that OCD is a clinically heterogeneous condition and that the complex clinical OCD presentation can be summarized by a few symptom dimensions (or factors), such as the “contamination/washing,” the “symmetry/ordering,” the “hoarding,” the “aggressive/checking,” and the “religious/sexual/checking” dimensions (16–18).

These dimensions can be understood as a spectrum of potentially overlapping syndromes that may coexist in any patient and that extend beyond the traditional nosological boundaries of OCD. Furthermore, the dimensional approach addresses the OCD heterogeneity in light of a continuum of symptom severity, with persons without any OCS in one side of the continuum and very severe OCD patients on the other side of the same continuum (19). This approach includes symptoms ranging from a “no symptom at all” to a “most severe symptom” presentation, representing a more comprehensive assessment approach (20), particularly for community samples in which the subjects may OCS that do not fulfill the full-blown OCD presentation (16, 18).

Even though these OCS dimensions have been consistently replicated across studies, some studies suggested that the “aggressive/checking” and the “sexual/religious” form a unique factor (21–24), while others suggested that they should be broken down into two separate dimensions (23, 25–28).

These OCS dimensions have proven to be temporally stable, and associated with specific neuroimaging (29) and genetic findings (28, 30) as well as to treatment response (31).

It is now believed that this dimensional approach to phenotypic traits has the potential to advance our understanding of OCD and may aid in the identification of more robust endophenotypes (16). Therefore, identifying the distribution of OCS dimensions in the community (particularly in mothers) may be helpful for the early detection of OCD and for the development and implementation of treatment strategies, both for the patients and their families.

Notwithstanding, the distribution of OCS in a community sample of mothers has not been previously investigated. Furthermore, there is a need to investigate the association between OCS dimensions in mothers and psychiatric symptoms in their children. Altogether, these findings may add to the recognition of at-risk families for OCD, as well as to help in the development of prevention interventions for mothers and for their children (32).

Therefore, the present study aims to investigate the OCS dimensions distribution in mothers from a community sample of children aged 6–12 years. Additionally, we analyzed the associations between the mothers' OCS with other psychiatric symptoms as well as the associations between the OCS dimensions in mothers with the presence of OCS and other psychopathological symptoms in their children. We hypothesized that the mothers would have high frequencies of OCS, and that having OCS would increase their risk for other psychiatric disorders. We also expected positive correlations between the mother's OCS dimension severity and the severity of OCS and general psychopathology in their children.



MATERIALS AND METHODS

This study is part of a large Brazilian community-based cohort study known as the High-Risk Cohort (HRC) of the National Institute of Developmental Psychiatry, the INPD (inpd.org.br). A detailed description of the rationale, design, methods and preliminary results of the HRC can be found elsewhere (33).

Briefly, families from a total of 57 public elementary schools in two large Brazilian cities (22 schools in Porto Alegre and 35 schools in São Paulo), were invited to participate in the study. All the interviews were conducted by trained lay interviewers with the main caregivers of children ages 6 to 12 years old (33). Figure 1 summarizes the sample selection process.
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FIGURE 1. Sample selection process.


The study was approved by the Internal Review Boards (IRB) from both sites. After a thorough description of the study and the assurance that their decision to participate in the study would not interfere with their access to the schools, the main caregivers signed informed consents.


Participants

Participants were 2,511 mothers and their children from a large community school-based cohort from the INPD (Figure 1).



Instruments and Procedures
 
Questionnaire

Sociodemographic data was collected by a specific self-report questionnaire. Socioeconomic status was stratified according to the Brazilian Economic Classification Criteria instrument (ABA-ABIPEME) which defines the socioeconomic level of the individuals in five categories (from “A” to “E,” considering “A” as the highest and “E” as the lowest socioeconomic levels) based on a questionnaire that assesses number of household items owned by the families (i.e., refrigerators, washing machines, etc.) and the family's main provider educational level (34).



Maternal Assessment

Maternal OCS dimensions were ascertained by the Dimensional Yale-Brown Obsessive-Compulsive Scale-Short Version (DYBOCS-SV), developed for the screening of the presence and severity of OCS dimensions. All the items from the DYBOCS-SV were extracted from the full version of the DY-BOCS (20). Five OCS dimensions were assessed by 12 items briefly described below:

- “Aggression/violence” dimension: (1) “Do you have obsessions that something terrible (violent or aggressive content) is about to happen to yourself or to a relative close to you?; do you have worries that you may be responsible for this terrible event?; do you have violent or horrific images in your mind that something bad is about to happen?”; (2) “Do you need to check or take other measures to prevent or avoid harm coming to yourself and/or to others?; do you to avoid places or objects to prevent that something bad might happen to you or to others?”;

- “Sexual/religious” dimension: (3) “Do you have obsessions about sacrilege and/or blasphemy?; do you need to check to make sure that you have not done anything wrong of a religious nature”; (4) “Do you have to repeat an action over and over again after having a religious obsessional thought?; do you need to check or avoid something to prevent terrible consequences from having religious obsessions?”; (5) “Do you have forbidden or improper sexual thoughts, images or impulses?; do you have obsessions about violent sexual behavior toward other people”; (6) “Do you have to avoid certain actions, people, places or things or do you have to repeat an action over and over again in order to prevent sexual obsessions from occurring?; do you have to check to make sure that you have not done anything wrong of a sexual nature”;

- “Symmetry/ordering” dimension: (7) “Do you have obsessions about things needing to be perfect or exact or “just-right”?; “do you have obsessions about symmetry?; “(8) “Do you have ordering and/or arranging compulsions?; do you have counting compulsions?; do you have compulsions that involve symmetrical touching of objects or people and/or evening-up behaviors?”; do you have to avoid certain actions, people, places or things to prevent obsessions about symmetry or exactness from occurring”?;

- “Contamination/cleaning” dimension: (9) “Are you obsessed with dirt or germs?; are you overly concerned or disgusted with body waste or secretions?; are you bothered by sticky substances or residues?,” (10) “Do you have compulsive or ritualized hand washing, showering, bathing or toilet routines?; do you have compulsions (or rituals) that involve repeated cleaning of households items or other inanimate objects?; do you have to do something to prevent or remove contact with contaminants? Do you avoid certain places because of contamination concerns?”;

- “Collecting/hoarding” dimension: (11) “Do you have obsessions about needing to save or hoard things for the future?; do you have obsessions about losing things?”; (12) “Do you have compulsions to hoard or collect things?; do you avoid certain actions, people, places or things to prevent from having to collect something?.”

Each of these items were assessed on a 0 to 5 severity scale (0 = no symptoms, 5 = severe symptoms), yielding a total dimension score ranging from 0 to 10. For this study we combined the scores from the “sexual/religious” dimension which ranged from 0 to 20. The DYBOCS-SV total score may vary between 0 and 60. Since we used a brief version of the DY-BOCS, the internal consistency was calculated using the Cronbach's alpha.

The maternal history of psychiatric disorders was assessed using the Mini International Psychiatric Interview (MINI) (35) and the MINI Plus (36) based on DSM-IV criteria. The following modules were used: (1) bipolar disorder; (2) mood disorders; (3) panic disorder; (4) anxiety disorders; (5) drug abuse and dependence; (6) psychotic disorders; and (7) attention deficit hyperactivity disorder (ADHD). The overall MINI Plus inter-rater reliability is satisfactory for the diagnostic categories (kappa coefficient ranging from 0.86 to 1) (37).



Children's Assessment

The Child Behavior Checklist (CBCL) was used to assess the presence and severity of Obsessive-Compulsive Symptoms as well as the overall psychopathology. The CBCL (38) is one of the most widely used instrument to assess behavioral problems in children. It was translated to Portuguese and validated in Brazil by Bordin et al. (39). The CBCL is composed of 113 questions, scored on a three-point Likert scale (0 = absent, 1 = occurs sometimes, 2 = occurs often). The CBCL provides 3 main scores: internalizing, externalizing a total psychopathology severity rating. The original version of the CBCL has good test-retest reliability (0.90) and internal consistency (Cronbach's alpha ranging from 0.72 to 0.97) (39).

The presence and severity of OCS in children was quantified using the CBCL-OCS subscale proposed by Nelson et al. (40), which consists of eight items from the CBCL, with scores varying from 0 to 16. The CBCL-OCS subscale is composed of the following CBCL items: (9) can't get his/her mind off certain thoughts, obsessions; (31) feels might think or do something bad; (32) feels he/she has to be perfect; (52) feel too guilty; (66) repeats certain actions over and over, compulsions; (84) engages in strange behavior; (85) has strange ideas; (112) worries. This CBCL-OCS subscale has demonstrated good reliability and validity in discriminating children and adolescents with OCD (41). The Cronbach's alpha for the 8 items was 0.87 and the factor loading had positive values ranging from 0.514 to 0.769 (41).




Data Analysis

The internal consistency between the DYBOCS-SV items was calculated using the Cronbach's alpha.

All the data (including the sociodemographic data, the maternal psychiatric conditions, the OCS dimensions and severity scores and the children's CBCL scores) were analyzed using the Statistical Package for Social Sciences (SPSS) version 20.0. All statistical tests were 2-sided using a significance level set at p < 0.05.

The variables were tested for normality using the Kolmogorov-Smirnov test. Since all variables showed non-parametric distributions, the comparison of means between two or more groups was run using the Mann-Whitney and Kruskal-Wallis tests, respectively. The pairwise comparisons were corrected with Dunn-Bonferroni method (42), if required, considering an overall significance level of 0.05. The correlations between the continuous variables (maternal OCS dimensions severity scores and the children's psychopathology CBCL scores) were analyzed with the Spearman test.

To evaluate the effects of the maternal characteristics (explanatory variables) on the CBCL symptom dimensions (dependent variables) we used univariate and multivariate linear regressions. The variable selection method for the regression modeling was the backward variable elimination. Following this procedure, all of the variables were entered initially in the model in a single step and then the variables were removed one at a time if the level of significance given by p <5%. The order of elimination followed the poorer result across the remaining group of variables.

Considering that the Ordinary Least Squares (OLS) method states that the sampling distribution of the coefficients approximates a normal distribution as the sample size becomes larger, we decided to use the a linear regression model even though the variables showed a non-parametric distribution (43).

The multivariate linear regression models were built including all demographic and maternal psychopathological variables as the explanatory variables and the children's CBCL psychopathological domains as the outcome variables (44, 45).

Additionally, in order to predict the risks for the children's psychopathology according to the mothers' severity of the OCS we built a decision tree. The decision trees provide a framework to quantify the values of outcomes and the probabilities of achieving them, then representing a valuable tool to reveal cutoff points to predict the risks within conditions in analysis (46).




RESULTS

The mothers comprised a group of women with ages ranging from 20.4 to 58.1 (mean = 36.4, SD = 6.9). The majority of participants self-declared as being white (57.8%, N = 1,452). Approximately 42.7% were classified as part of the A/B income class. The majority of the sample (67.5%) was married or had a partner. Regarding the educational level, 72.1% had a college degree, approximately 3.4% had finished high school and 24.4% did not complete elementary school. Among the children, the mean age was 10.2 (SD = 1.9) and 45.2% were female (N = 1,136).

The overall prevalence of mothers who reported experiencing at least one OCS was 40.0% (N = 1,004). “Aggression/violence” was the most frequent symptom dimension (32.2%), followed by “symmetry/ordering” (16.4%), “sexual/religious” (13.8%), “contamination/cleaning” (11.2%), and “collecting/hoarding” (10.9%) (Table 1).


Table 1. Maternal sociodemographic and clinical characteristics.

[image: Table 1]

The Cronbach's alpha coefficient for the DYBOCS-SV showed good internal consistency for all DYBOCS-SV domains: global score = 0.853; aggression/violence symptom dimension = 0.791; sexual/religious = 0.708; symmetry/ordering = 0.847; contamination/cleaning = 0.782; and collecting/hoarding = 0.656.

The most frequent psychiatric disorders in the mothers were anxiety disorders (23.4%, N = 588). Higher rates of comorbidity for almost all of the assessed DSM-IV psychiatric disorders were found in mothers with OCS as compared to subjects with no OCS (p < 0.001). Table 2 presents the sociodemographic and clinical characteristics of the children.


Table 2. Children's sociodemographic and clinical characteristics.
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Positive and statistically significant correlations were found between the severity of the maternal OCS and all of the CBCL domains (global, externalizing, internalizing, OCS). The higher correlation coefficient was found between maternal DY-BOCS-SV total score and children's CBCL total score about 0.382.

Multivariate linear regression analyses of the CBCL total, internalizing, externalizing and OCS scores according to maternal and children characteristics. These analyses pointed that not having a partner (being single, divorced or a widow), having any mood (p < 0.001) or anxiety disorder (p < 0.001), and reporting a history of ADHD (p = 0.005) during childhood increased the risk for children to have higher rates of externalizing, internalizing and total CBCL scores.

The presence and severity of maternal OCS also increased the risk for behavioral and emotional problems in children.

Among the OCS dimensions, the “aggression/violence” dimension significantly increased the risk for higher rates of all CBCL psychopathological domains (total, B = 1.03, 0.59–1.48, p < 0.001; externalizing, B = 0.35, 0.19–0.52, p < 0.001; and internalizing, B = 0.33, 0.17–0.48, p < 0.001; obsessive compulsive, B = 0.08, 0.04–0.12, p < 0.001). The “sexual/religious” OCS dimension was associated with the children's CBCL internalizing scores (B = 0.23, 0.05–0.40, p = 0.014) and to OCS in children (B = 0.09, 0.04–0.14, p < 0.001). The “symmetry/ordering” OCS dimension was associated to higher frequencies of total CBCL scores (B = 1.08, 0.47–1.68, p = 0.001), to externalizing (B = 0.47, 0.27–0.67, p < 0.001) and to internalizing (B = 0.23, 0.02–0.44, p = 0.03) CBCL scores in children. The contamination/cleaning dimension was associated to CBCL total score (B = 0.87, 0.14–1.61, p = 0.02), internalizing score (B = 0.35, 0.10–0.61, p = 0.007) and children OCS score (B = 0.14, 0.08–0.20, p < 0.001). Also, this was the maternal OCS dimension which showed higher correlation to children's OCS scores. Finally, mothers who report collecting/hoarding symptoms have more frequently children with behavioral and emotional overall symptoms (B = 1.19, 0.44–1.94, p = 0.002) and externalizing problems (B = 0.47, 0.19–0.76, p = 0.001) (Table 3).


Table 3. Multivariate linear regression analyzing CBCL internalizing, externalizing and OCS scores according to maternal and children's characteristics.
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The decision three model showed that a maternal DYBOCS-SV score equal or higher than 12 was associated with approximately a 14 points higher scores on the CBCL total score and a 3 points higher on the OCS subscale (Figures 2, 3).


[image: Figure 2]
FIGURE 2. Decision tree regarding maternal OCS global score and children's overall psychopathology.



[image: Figure 3]
FIGURE 3. Decision regarding maternal OCS global score and children's OCS.




DISCUSSION

To our knowledge, this is one of the few reports of the prevalence of OCS dimensions in adult women and the association of maternal OCS with children's psychopathology in a large epidemiological sample. The analyses demonstrated a high prevalence rate of OCS in the mothers and that the presence of the OCS dimensions were associated with higher rates of DSM-IV psychiatric disorders in the mothers and with OCS and general psychopathology in their children.

There are few studies investigating the prevalence of OCS in community samples (2, 47–55). The current study showed that 40% of the women interviewed reported at least one OCS and that the “aggression/violence” and the “symmetry/ordering” OCS dimensions were the most frequent (reported by 32.2 and 16.4% of the women, respectively). These rates are in accordance to the rates reported by Alvarenga et al. (47), but they are higher than the rates reported in other studies (2, 48–55).

This difference between the results may be explained by methodological issues. For instance, in the current study, the women were directly interviewed by well-trained interviewers. Considering the secrecy characteristic of OCD, it is possible to hypothesize that subjects report their OCS more openly when are directly interviewed. Additionally, some studies have reported that in community samples, women tend to present higher frequencies and severity of OCS, when compared to men (2, 47, 51) and clinical samples (56–59).

The presence of OCS was associated with elevated rates of all other DSM-IV disorders assessed with the MINI. More specifically, anxiety, mood and psychotic disorders were strongly associated with the presence of OCS. It is well-established that OCD is strongly associated with high comorbidity rates with other psychiatric disorders (49, 52, 54, 60–71). The current study has shown that even without the full-blown OCD expression, the presence of OCS is also associated with higher risks for psychiatric disorders. These findings reinforce the idea that the screening of OCS is extremely important for the early identification and treatment of OCD as well as other psychiatric symptoms.

The current results have shown that the lifetime presence of maternal ADHD and the current presence of mood and anxiety disorders had an independent significant increase in the CBCL OCS, internalizing, externalizing and total scores in their children. There is a huge body of evidence that children of mothers with anxiety and/or depression symptoms have higher frequencies of emotional and behavioral problems (72, 73). Studies analyzing the emotional impact of parental OCD on their children have shown that these children are at higher risk of suffering from mental disorders in general (10) and having internalizing, but not externalizing symptoms (72–75). Our results expand these findings showing correlations between maternal OCS to all CBCL domains (internalizing, externalizing and OCS).

We have also assessed the impact of maternal OCS in their offspring. All OCS dimensions in the mothers were associated with higher rates of CBCL internalizing, externalizing, OCS and total scores in their offspring. Interestingly, each OCS dimension had specific associations with the CBCL domains. For instance, the aggression/violence dimension was significantly associated with all CBCL domains as well as to the total CBCL scores. On the other hand, the sexual/religious dimension was significantly associated only with the internalizing and the OCS domains. The symmetry/ordering dimension was associated with the overall, externalizing and internalizing CBCL domains, the contamination/cleaning dimension was associated with the overall, internalizing and OCS domains and the hoarding/collecting dimension was associated with the overall and externalizing CBCL domains. These results emphasize the idea that OCD is a heterogeneous disorder and that each OCS dimension has specific clinical correlates. Therefore, a dimensional approach may be used in future studies in order to reduce the negative impact of this heterogeneity on the interpretation of the study results.

Coppola et al. (11) have reported the results from a non-clinical sample of mothers with OCS in which the presence of maternal OCS were significantly related to OCS in the offspring and that this finding was mediated by parental stress. The authors hypothesized that OCS lead mothers to experience more parental stress or to display more dysfunctional (and less warmth/affection) parenting styles, what may increase the risk for childhood psychopathology (73, 75–77).

Our results suggest a familial aggregation of the OCS between mothers and their offspring. Previous studies have suggested that this may be due to environmental (73, 75–77) and/or genetic (78–80) effects. Considering that studying the heritability of the OCS was not an objective of the current study, we hope that future family, twin or genome scan studies may incorporate the assessment of OCS dimensions.

Additionally, the maternal marital status was independently associated with the expression of emotional and behavioral problems but not to OCS in their children. Mothers who did not have a partner at the time of the interview showed higher rates of externalizing, internalizing and total CBCL scores. Other studies have also demonstrated that single mothers have higher risks of emotional distress and disruptive parenting practices and in consequence their children are more vulnerable to behavioral and emotional problems (81).

The children's male gender was independently associated with higher risks for having externalizing and total CBCL higher scores. It is important to mentions that male gender has been pointed as an independent risk for behavioral problems in childhood (82, 83).

Our findings should be considered in light of several limitations. First, we did not control the effects of maternal OCS in children according to other important characteristics such as family environment, mother-child interaction quality, parental skills, and social support in general. Second, only the mothers were interviewed about themselves and their children. Future research should use multi-informant approaches. Third, the presence of other disorders may interfere in the impact of the mother's OCS on their children's psychopathology. Fourth, the internal consistency of the hoarding dimension was lower than the internal consistency of the other OCS dimensions. Finally, the current study focused solely on the role of maternal OCS. Fathers have been historically underrepresented in research on parent-child interactions and the inclusion of these analyses in future studies may reveal important knowledge to the field.

Despite these limitations, the current study has demonstrated that OCS dimensions are highly prevalent in women from community samples and that the presence and severity of OCS are associated with higher risks for them to have higher comorbidity rates. Furthermore, maternal OCS were associated with OCS and general psychopathology in their children and these associations varied according to specific OCS dimensions, reinforcing the relevance of using a dimensional approach to assessing OCD. Other characteristics such as not being married and having a current and/or lifetime history of ADHD, mood and anxiety disorders were also associated with higher CBCL scores.



CONCLUSION

OCS dimensions are prevalent and are associated with comorbid psychiatric disorders in women. Presence and severity of maternal OCS are associated with OCS and general psychopathology in their offspring and these associations vary according to specific OCS dimensions. All together, these findings reinforce the relevance of screening for OCS and for the development and implementation of preventive strategies for adults with OCS and their children.
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Obsessive-compulsive disorder (OCD) generally responds to first-line treatment but patients often relapse. The United Kingdom National OCD Inpatient Service treats patients who have failed to respond to at least two trials of SRI, augmented with a dopamine blocker and two trials of ERP. Despite this, they have profound treatment-refractory OCD and require 24-h nursing care due to severe OCD. We examined patients' Y-BOCS score on admission, discharge and at each follow-up from all patients discharged over 5 years (02/01/2014-31/12/18). Data were analysed using SPSS. Paired student t-tests were used to assess improvement from admission to discharge and each follow-up. Over 5 years, 130 adult patients were treated: 79 male and 51 female with an average age of 42.3 years (20-82; sd14.4). Their ethnic backgrounds were; 115 Caucasian, 11 South Asian, 1 Chinese, and 3 Unspecified. On admission, the average Y-BOCS total score was 36.9 (30-40; sd2.6). At discharge, patients had improved on average by 36% (Y-BOCS reduction to 23.4 = moderate OCD). Similar reduction in Y-BOCS continued throughout the year with an average Y-BOCS of 22.9 at 1 month (n = 69); 23 at 3 months (n = 70); 21.3 at 6 months (n = 78) and 21.9 at 1 year (n = 77). Twenty-seven patients did not attend any follow-up appointment whilst others attended at least one appointment with the majority attending more than 3. Using student t-test, improvements at discharge, 1, 3, 6, and 12 months post-treatment showed a highly significant improvement (p < 0.001). Gains made following inpatient treatment for treatment-refractory OCD were generally maintained until 1 year post-treatment.

Keywords: obsessive-compulsive disorder, inpatient, treatment gains, maintenance, follow up after discharge


BACKGROUND

Treatment for obsessive-compulsive disorder (OCD) consists of psychopharmacological agents which act on the serotonin system and psychological treatments involving exposure and response prevention (ERP). However, approximately one third of patients do not respond to first line pharmacological treatment (1) and despite the efficacy of cognitive and behavioural interventions, they are only effective in 50-60% of cases, with as few as 25% experiencing full recovery (2). The definition of what constitutes a patient with refractory OCD has varied in the literature. Some authors have described them as having failed to respond to trials of adequate dosages of more than one serotonin reuptake inhibitor (SRI) (3), whilst others have included failure to respond to at least two trials of SRIs in addition to ERP (4).

In addition to the fact that a high proportion of people treated for OCD fail to derive benefit, there has also been evidence that up to 50% of patients relapse after treatment (5–7). On the other hand, another study found that 2 years after treatment with group cognitive-behavioural therapy (CBT), 78.6% of patients remained in remission; in this study the patients had severe OCD with a mean baseline score on the Yale Brown Obsessive Compulsive (Y-BOCS) Scale of 25.3 (severe OCD) (8).

In the UK in 2005, the National Institute for Health and Clinical Excellence (NIHCE) published guidance about the recommended treatment for OCD which sets out first line and second line treatments including psychopharmacological and psychological interventions (9). The approach to the treatment of OCD is described as a stepped-care model with Tiers 1 through to 5. In Tier 5, patients are profoundly ill having failed to respond to all previous treatments. It is recommended that these patients are treated in highly specialised teams with extensive expertise in the treatment and management of OCD.

In response to the 2005 NIHCE Guidance, the National Department of Health funded highly specialised teams to treat the most profoundly ill patients with OCD who had failed to respond to all previous treatments (10). In order to be eligible for treatment in one of the highly specialised services, patients have to:

1. Score greater than 30/40 on Y-BOCS.

2. Have received at least two previous trials of SRIs in maximum licenced dosages for a minimum of 3 months each and without response.

3. Have had at least one of those trials of SRIs augmented in a way recommended by Pallanti et al. This most commonly was augmentation with a dopamine blocker (11).

4. Have received two trials of CBT incorporating ERP where one of these trials should have taken place in the patient's own home or in whichever environment the symptoms are maximal.

Patients met the threshold for inpatient treatment if they failed to improve with the above interventions. Patients were also eligible if they were a risk to themselves because of self-neglect related to their OCD or if they had other difficulties such as urinary or faecal incontinence.

The service at South West London and St George's Mental Health NHS Trust comprises the only 24 h staffed dedicated inpatient service for OCD patients in UK that is funded centrally. Data from this Service demonstrates that inpatient care is effective and patients benefit from a 40% reduction in OCD symptoms; these gains are generally maintained on average at 19 months follow-up (12, 13). Patients are cared for by specialised nurses and given individualised treatment consisting of psychological and pharmacological interventions (14). Our patients are encouraged to remain on their prescribed medication (SRIs in particular) and the evidence is that SRIs are required for the long term treatment of severe OCD. It is thought that SRIs are effective in both maintenance treatment as well as to prevent relapse (15). Several factors have been identified as predictive of increased likelihood of relapse, including not having CBT in the interval period, poorer quality of life at baseline, shorter duration of follow-up and later age at onset (16).

Evidence suggests that the combination of medication and psychological therapy is effective in OCD and one study found a 41% reduction in total Y-BOCS score after treatment with CBT + SRI/placebo and this improvement was sustained after 6-8 years (17). This study also suggested that patients may benefit from ongoing psychological treatment post-discharge. A recent systematic review and meta-analysis of 36 trials investigating the effect of CBT with ERP in OCD has highlighted several concerns with methodological rigour and issues with such studies including the risk of bias, treatment fidelity and the impact of researcher allegiance (18). Despite reported improvements in treatment of OCD with pharmacological and/or psychological interventions, there are few long-term studies of profoundly ill OCD patients who have received pharmacotherapy and CBT involving ERP. We decided to examine outcome in all patients discharged from our ward over a 5 year period and investigated the maintenance of gains over the first year post-discharge.



MATERIALS AND METHODS

In this naturalistic study, we analysed data from the electronic medical records of all patients who had been discharged from our service in a 5 year period from 02/01/2014-31/12/18.

Patients who had been unable to attend the hospital for assessment had been assessed via telephone and where necessary thereafter this was followed up by a home visit irrespective of the distance they lived from the hospital. Patients who were unable to accept inpatient treatment were offered home-based therapy with the aim of overcoming the obstacles to their accepting admission. For those patients who agreed to be admitted to the unit, all had received multiple trials of pharmacotherapy and so on admission, the response to each medication was discussed with the patient and, in collaboration with them an optimal regime was discussed. For some patients this meant remaining on the regime they had been taking already and for others switching medication.

The basis of the therapy regime with the inpatients was a therapy session at least weekly with a therapist as well as daily sessions with the nurses. This included behavioural interventions of graded exposure with self-imposed response prevention. Although there were dedicated CBT therapists, many members of the inpatient team had qualifications in CBT and this included senior medical and some nursing staff. Daily group and individual sessions were provided by the occupational therapist. These sessions were also based on the concepts of graded exposure and response prevention and were created individually with each of the patients. Following inpatient treatment, all patients were encouraged to create their own individualised relapse prevention plan which was also shared with their local team. The National Specialist Unit routinely follows up the patients at 1 week; 1 month; 3 month; 6 months and 1 year after the inpatient stay by a member of the clinical staff either remotely or in person. The severity of OCD symptoms were measured as part of the follow up using the Y-BOCS scale. Y-BOCS total scores on admission and discharge as well as at each follow up were extracted and analysed. As patients did not attend every follow-up, numbers vary over the year. Basic demographics including age, gender and ethnicity were also extracted and data were analysed using SPSS software. Paired student t-tests were used to evaluate improvement in Y-BOCS scores from admission to discharge and each follow up appointment and using intention to treat analyses.



RESULTS

Over 5 years, 130 patients were treated; 79 men and 51 women with an average age of 42.3 years (20-82; sd14.4). Their ethnic backgrounds were; 115 Caucasian, 11 South Asian, 1 Chinese, and 3 Unspecified.

On admission, the average Y-BOCS score was 36.9 (30-40; sd2.6). At discharge, patients had improved on average by 36% (Y-BOCS reduction on average to 23.4 = moderate OCD). Similar reduction in Y-BOCS continued throughout the year with an average Y-BOCS of 22.9 at 1 month (n = 69); 23 at 3 months (n = 70); 21.3 at 6 months (n = 78) and 21.9 at 1 year (n = 77) (Figures 1, 2).


[image: Figure 1]
FIGURE 1. OCD severity as indicated by the Y-BOCS total at admission, discharge, and respective follow-up points.
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FIGURE 2. Percentage of patients with >35% improvement in Y-BOCS score at each follow up point (compared with admission Y-BOCS score).


Twenty seven patients did not attend any follow-up appointment whilst others attended at least one appointment with the majority attending more than 3. The reasons for loss to follow up were not explored in this study and most of these patients were those who had failed to derive benefit from their inpatient stay.

Using paired t-test; improvements at discharge, 1, 3, 6, and 12 months all showed a highly significant improvement (p < 0.001).



DISCUSSION

This study adds to the existing evidence of the longer term impact of combined treatment (medication with CBT/ERP) in patients with treatment-refractory OCD Patients with profound treatment-refractory OCD had a 36% reduction in their Y-BOCS scores following inpatient treatment. This improvement from admission to discharge reflects an improvement from profound treatment-refractory OCD to moderate OCD. This improvement is sustained over the first year post-discharge from the ward with minimal fluctuations in their Y-BOCS scores during this period.

Previous studies have explored the impact of either pharmacological or psychological treatments on OCD. During their inpatient stay our patients received a combination of both psychopharmacology which was optimised on admission and CBT with ERP and we assessed the longer term (over 1 year) impact of this combined treatment approach. Many studies have assessed the impact of OCD treatment in outpatients with moderate-severe OCD. Similar studies conducted on both inpatient and outpatient samples have demonstrated relapse estimates of up to 50% (5–7). Our findings highlight the long term benefits of intensive inpatient treatment in patients with profound treatment-refractory OCD and adds to existing evidence which highlighted the benefits of treatment with a 40% reduction in symptoms which is maintained in the long term after discharge from the national service in the United Kingdom (12).

Our service provides individualised treatment programmes including medicine optimisation, creating individualised exposure programmes combined with group occupational therapy sessions focussing on facing up to fear and activities of daily living. As such this could be replicated elsewhere. The importance of a dedicated service where patients can advise, inspire and help each other should not be underestimated.

In our study, patient adherence to follow up appointments was good with 60% attending three or more appointments after discharge. However, we were unable to gather follow up data for ~20% of the patients we treated over the 5-year period. A further study exploring reasons for lack of follow up in this subgroup of patients would be beneficial to improve our understanding of the longer term impact of inpatient OCD treatment.

This study did not take into account other measures of OCD not listed in the Y-BOCS or other factors influencing a patient's recovery such as time spent in inpatient service, quality of life, comorbid mental health problems or use of other psychotropic medication. It is unusual for a patient admitted to the service not to also have clinical signs of depression and previous studies from this unit have demonstrated that almost 80% of patients admitted had clinical evidence of moderate or severe depression as indicated by the Beck Depression Inventory (19). A retrospective study of patients admitted to this service found that 21% of the sample had autistic spectrum disorder; 12.4% had emotionally unstable personality disorder and 18.5% had obsessive-compulsive personality disorder (20). It would be useful to explore the impact of such comorbid factors in the longer term after discharge from the ward. Overall, this study demonstrates that intensive inpatient treatment on the National OCD Unit has a lasting and sustained positive impact for at least 1 year post-discharge.


Strengths

This was a naturalistic study analysing data from patients with profound treatment-refractory OCD and this is one of the few studies to date of long term follow up post discharge after inpatient OCD treatment. This information fills an important knowledge gap in the literature.

All patients admitted to and discharged from the unit over a 5 year period were followed up for 1 year post discharge providing data over a significant time period which is difficult to collect.

This provides a robust sample size of 130 patients who were all treated at the same centre which adds to the validity of the results.

The same outcome measure (Y-BOCS total score) was used at each follow up to ensure that the data is comparable with minimal confounding variables.

Data was sourced from patients' electronic records ensuring the use of accurate and reliable information as documented by clinicians.



Limitations

Although this study explored long term patient outcome after inpatient treatment, only the Y-BOCS score was used to determine patients' symptom severity. No other follow-up data was assessed. This study was not designed to assess other measures and data was based on convenience sampling of existing clinical data.

A minority of patients were lost to follow up due to unknown reasons. Further information related to this would be important as well as ongoing medication use.

Any comorbidities patients had were not assessed or monitored in this study.



Implications for Practise

This study demonstrates that a majority of patients with the most profound refractory OCD are able to maintain the gains made for at least 1 year after treatment with optimised psychopharmacology as well as CBT with ERP. It would be beneficial to further study whether the benefit of treatment continues to be sustained after 1 year post discharge.




CONCLUSION

This study demonstrates evidence that the gains made following inpatient treatment for treatment-refractory OCD are generally maintained until 1 year post-treatment.
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Patients with severe and treatment refractory obsessive compulsive disorder (OCD) are usually referred to a specialized center for intensive residential treatment (IRT), consisting of exposure and response prevention (EX/RP), pharmacotherapy and additional therapies. About 50% of the patients does not respond to IRT. Currently we are not able to predict treatment response. If we were to have predictive tools, we could personify treatment at an earlier stage. Recent studies show that early adherence and willingness to EX/RP and low avoidance during EX/RP measured during treatment were associated with treatment response. In this observational study willingness and ability of patients with severe and treatment refractory OCD (N = 58) is conceptualized by a behavioral measurement, measured before the start of 12 weeks of IRT, using a Behavior Approach Test (BAT), as opposed to relying on self-report measurements. A medium or strong association between pre-treatment performance on the BAT and treatment response would justify next steps to test the BAT as a predictive tool for IRT. Results of regression analyses showed that there is a significant association between the performance on the BAT and change in OCD symptom severity after IRT. However, the effect-size is too small to use the BAT in its current form as predictor in clinical practice. The principle of the association between pre-treatment behaviorally measured willingness and ability to fully engage in EX/RP, and treatment response has now been proven. To ultimately design a predictive tool, future research is needed to refine a behavioral measurement of pre-treatment willingness and ability.

Keywords: obsessive-compulsive disorder, treatment refractory, intensive residential treatment, Behavior Approach Test, willingness, exposure response prevention therapy, cognitive behavior therapy


INTRODUCTION

Obsessive compulsive disorder (OCD) is a serious, disabling and often chronic psychiatric disorder, characterized by obsessive thoughts and compulsive behavior (1, 2).

Cognitive behavioral therapy (CBT) and pharmacotherapy with serotonin reuptake inhibitors (SSRI) are effective treatments for OCD (3–5). About 50–60% of the patients respond to these treatments (6, 7). The next step in the algorithm for non- or partial responders, according to the internationally used UK multidisciplinary treatment guidelines, is an “intensive treatment and inpatient service.” The treatment and service are not further specified (8, 9). Usually it consists of CBT with daily therapist guided exposure with response prevention (EX/RP), cognitive (group-) therapy, additional pharmacotherapy and treatment modules, such as non-verbal treatment and family treatment. This intensive residential treatment (IRT) usually takes place in a residential or day-clinical specialized OCD treatment center (10).

Recent studies found IRT to be effective for severe or treatment refractory OCD. About 50–60% of the patients with remaining severe OCD symptoms after outpatient CBT and SSRI, do benefit from IRT (10–13). This suggests that the other half does not and these high rates of non-response urge us to enhance and further personify treatment for this patient group.

Studies have attempted to identify factors to predict treatment response for outpatient treatments. Findings were contradictory (6). Olantunji and colleagues conclude in their meta-analysis that the study-design was often not fit to test the predictive value and suggest to use prospective designs to learn more about these phenomena.

Until recently little was known about predictors for treatment response among patients with severe and treatment refractory OCD after IRT.

In the last 15 years, several studies were conducted to close this gap. The only systematic review and meta-analysis conducted on this subject (10) and published in 2016 found that marital status was often replicated as a predictor (5 out of 6 studies) as was the severity of OCD at admission (5 out of 8 studies), but overall there were no consistent predictors for treatment outcome. Interestingly all reviewed studies focused mostly on sociodemographic characteristics, co-morbidity and severity of OCD as potential predictors. Some more recent studies kept this focus and found additional evidence for severity as a predictor for non-response to IRT, specifically, that severity of obsessions was associated with poorer treatment outcomes (12) and for poor insight (little to no acknowledgment of the irrational nature of OCD symptoms) (14).

Other recent studies focused less on sociodemographic characteristics and severity and researched other promising concepts: low behavioral avoidance during EX/RP (15), early adherence to EX/RP tasks during treatment (16) and verbalized willingness to the EX/RP during treatment (17). They were found as predictor in studies among patients with severe and refractory OCD and among patients with moderate OCD. “Willingness” was assessed by a short questionnaire, about the willingness to fully experience unpleasant and unwanted thoughts, emotions and bodily sensations during exposure, and was found to be associated with faster symptom reduction during IRT. Another examined concept is readiness to exposure. This was assessed by a 3 item pre-treatment questionnaire and predicted better adherence to EX/RP. Its predictive value for treatment outcome was not examined (18, 19). Clinical experience and previous research in other patient groups such as patients with phobia do however suggest that low adherence to EX/RP and avoiding feared situations during treatment are important factors in non-response to EX/RP (16, 20–22).

Based on these findings, we expect that information concerning the extent to which a patient is able and willing to fully engage in EX/RP, is associated with treatment outcome. It stands to reason that if one is willing and able to expose oneself to ones feared situations at the start of a treatment, one will also be inclined to do so during treatment with high patient adherence, resulting in a better response to the treatment.

The aim of this study is to examine the association between pre-treatment performance on a behavioral test on willingness and ability to fully engage in EX/RP and response to IRT. We developed a behavioral measurement, the Behavior Approach Test (BAT), adaptable to heterogenic OCD symptoms. A medium or strong association, as reflected by a cohen's f 2 ≥ 0.15 between pre-treatment performance on the BAT and treatment response would be clinically significant and justify to test the predictive value of the BAT in future research. This can ultimately contribute to the development of a go-no go test for IRT or an instrument that may contribute to personifying treatment for patients with severe, treatment refractory OCD.

We hypothesized that there is a clinically significant association between the pre-treatment BAT-score and symptom change in OCD after 12 weeks of IRT is to examine this principle on its feasibility to ultimately be able to predict treatment outcome for complex, treatment refractory OCD after IRT on base of a pre-treatment test on willingness and ability.



MATERIALS AND METHODS


Design

We used an observational cohort study-design. Patients were informed and asked for prior consent to participate to the study. No changes were made to the trial design after the start.



Participants

The study was performed at the Marina de Wolf Centrum, Centrum voor Psychotherapie of GGZ Centraal, a supra-regional specialized OCD treatment center in the Netherlands. All patients with OCD who were referred for IRT to this treatment center, were asked to participate in the study. All participants had a history of regular treatment, in accordance with the Dutch multidisciplinary guidelines (CBT and at least 1 adequately dosed SSRI trial) (8).

After the regular intake procedure, participants were informed about the study, and gave informed consent. They were told that the aim of the study was to find out whether the way people perform on exposure exercises during the BAT can predict treatment outcome of IRT.

Patients were eligible to participate in the study if they: (1) were aged 18 years or older, (2) met a primary DSM 5 diagnosis of OCD, (3) were referred for IRT, and (4) gave an informed consent. OCD diagnosis was established by Mini-Schedules for Clinical Assessment in Neuropsychiatry (Mini-SCAN) (23, 24).

The exclusion criteria were: (1) a primary psychotic disorder, (2) an organic mental disorder, (3) a severe substance dependence, (4) intellectual disability, or (5) an insufficient command of the Dutch language.



Measurements


BAT

The level of willingness and ability to engage in EX/RP was measured by a Behavior Approach Test (BAT), which was specially designed for this study. In this BAT, a participant is able to demonstrate the pre-treatment ability and willingness to fully engage in EX/RP. The BAT consists of a 1-h pre-treatment exposure session in which a participant is asked to take as many steps as possible on an idiosyncratic hierarchy of exposure tasks, ascending in difficulty.

The procedure is as follows: At the center, the treatment as usual starts with an outpatient diagnostic phase prior to the start of the IRT. In this diagnostic phase all patients in collaboration with a CBT therapist set up a list of their primary OCD symptoms for which they seek treatment. Multiple feared situations, which the patient avoids or only approaches while performing compulsions are identified. Based on this a range of corresponding exposure tasks are set up, in which the patients can expose themselves to the specific feared situations while refraining from neutralizing behavior. This list is then used throughout the IRT.

Specifically for the BAT, the participant and therapist selected 10 tasks from this list based on the expected anxiety when performing the task, ranked in equally ascending steps from 1 (hardly any distress expected) to 10 (maximum distress expected). All 10 tasks had to be completed within 1 h. As part of the BAT, the participant and therapist also set up instructions on how the participant would abstain from possible neutralizing behavior or rituals after finishing the BAT (e.g., not cleaning the house afterwards for at least 24 h). The BAT could be performed at several locations, if relevant for the specific exercises (mostly at home, but also in a shop, public bathroom, etc.).

The participants were instructed to perform the exposure tasks described on the list, starting with step 1 and trying to go as far as they could up to step 10. Every 2 min subjective units of distress (SUD) (0–10) (25) were established. The participant decided when to stop. Although they were firmly encouraged to take as many steps as possible on the BAT, there were no consequences for the number of correctly conducted steps. A CBT-educated psychiatric nurse, familiar with this specific patient-population and trained in the BAT-procedure, guided the BAT. They recorded the SUDs, registered whether steps were correctly conducted, and videotaped the BAT for assessors.

The BAT-score is the number of successfully performed succeeding steps on the BAT (range 0–10). Independent assessors scored the number of steps the participant had taken correctly on the BAT, by comparing the description of each step on the idiosyncratic BAT list with the video-taped behavior of the participant. In case of any possible ambiguity concerning the correctness of the taken steps or presence of compulsions, avoidance or rituals, or when their score did not correspond with the rating of the guiding nurse, a second rating was done by another assessor and a compromise was made between both assessors. Assessors were CBT-educated, mental healthcare professionals, familiar with this specific patient-population.



Severity of OCD

Severity of OCD-symptoms was assessed using the Yale Brown Obsessive Compulsive Scale (YBOCS). The YBOCS is a semi-structured interview and consists of 10 items with a 0–4 scale. The total score ranges from 0 to 40. Higher scores indicate greater severity of the OCD. This is a reliable and valid instrument and the golden standard for measuring OCD-severity (26). Cronbach's α for this scale is 0.80.

Conform international expert consensus responder status was defined as a decrease of the YBOCS score between the beginning and end of the treatment of at least 35%. Remission status was defined by a YBOCS score of ≤12 (27).



Duration and Chronicity of OCD

The duration of OCD was assessed based on a self-report questionnaire (in years).

Chronicity of OCD was assessed through a self-report questionnaire. Patients were asked whether they had continuously experienced at least moderate severe OCD over the past 2 years (1).



Comorbidity

Comorbidity was assessed by Mini-Schedules for Clinical Assessment in Neuropsychiatry (Mini-SCAN) and Structured Clinical Interview for Mental Disorders II (SCID II). These instruments are designed to objectively and in a structured way classify disorders based on the criteria of the DSM 5 (23, 24, 28). The presence of a comorbid autism spectrum disorder was assessed based on the hospital file, taking the current guidelines for diagnosing autism into account (29).

The assessment was conducted at beginning of the treatment (week 0) and the outcome measurement was taken at the beginning (week 0) and end of the treatment (week 12).




Blinding

The treatment team did not know the BAT-score. The assessors and the raters of the BAT-videos were not part of the treatment team and therefore did not know the patients treatment-course nor the outcome.



Training

The assessors and the nurses guiding the BAT were trained, monitored, and supervised in the rating and assessment techniques.



Power Considerations

To calculate what effect sizes could reliably be detected with the included number of participants, a sensitivity analysis for linear multiple regression analysis, Fixed model, R2 Increase, with one tested predictor (total number of predictors: 2) was performed using G-Power 3.1.9.7. (30). With an alpha set to 0.05 and a beta of 0.2 (power of 80%), the current sample size n = 58 was sensitive to detect medium size effect of BAT score on treatment outcome (f 2 = 0.14).



Statistical Analysis

Characteristics of the participants, the BAT-scores and the response to treatment were summarized using descriptive statistics. To compare patients who refused participation with participants on baseline OCD severity and symptom change after 12 weeks of IRT, two independent-samples T-test were performed.

To determine the explained variance of the BAT for symptom change, adjusted for baseline OCD severity, first baseline OCD severity was entered in a multivariate regression analysis and second the BAT-score.

A possible interaction effect was considered between baseline OCD severity and the BAT-score. Therefor an interaction variable “OCD severity x the BAT-score” was constructed and a separate multivariate regression analysis was performed. This was done by firstly entering baseline OCD severity, secondly the BAT-score and thirdly the interaction variable “OCD severity x the BAT-score.” To adjust for collinearity between baseline OCD severity and symptom change the variables were centered before being entered to the analyses. Possible violations of the assumptions of normality, linearity and homoscedasticity were checked. To test for multicollinearity the variance inflation factor and tolerance were calculated.

Statistical calculations were performed using the Statistical Package for Social Sciences version 25. All p-values were two-tailed and statistical significance was set at p < 0.05.



Ethics

The design and conduct of the study were approved by the medical ethics review board METc VUmc (Amsterdam, the Netherlands).




RESULTS


Participants

From January 2017 until October 2019 83 patients, met the inclusion criteria and were invited to participate. Three patients met the exclusion criteria and 19 patients refused to participate. They were asked for consent for the use of other personal information for this study, such as baseline OCD severity and symptom change after 12 weeks IRT. Nine of these 19 patients gave that consent. From 7 of these non-participants we had outcome measures to our disposal.

Two patients of the remaining 61 patients could not participate due to their specific type of obsessions and compulsions, which were not suitable for exposure in the BAT-format (10 exposure tasks that can be performed within 1 h). For one participant consensus was reached to exclude the measurement, due to the patients' personal crisis-like circumstances (not related to the BAT) that occurred the day the BAT was performed, which rendered the measurement to be invalid. This left 58 patients to be included in the study. From the 4 participants that stopped with the therapy prematurely, 3 participants could not be located for the outcome measurement (see Figure 1).


[image: Figure 1]
FIGURE 1. Participant-inclusion from referral to analysis.


There were 27 male (47%) and 31 female (53%) participants with an average age of 32.9 years (SD = 14.5). On average they had a severe level of OCD, as reflected by a mean score of 28.7 (SD = 5.1) on the YBOCS. The average age of onset of OCD was 20.5 year (SD = 9.1) and the average duration of symptoms before entering the study was 11.5 years (SD = 13.3). Fifty-one participants (88%) had chronic OCD. Nearly all participants (56 participants, 97%) had one or more comorbid disorders. Forty participants (69%) had a trait disorder (personality disorder and/or autism spectrum disorder).

After 12 weeks of IRT 29 participants (53%) responded to the therapy. For 11 patients (20%) the OCD was in remission, reflected in a YBOCS score ≤ 12. There was an average improvement of 11.0 (SD = 8.0) points on the YBOCS. At the end of the treatment participants had on average a moderate level of OCD, as reflected by a mean score of 17.5 (SD = 7.6). Four participants (7%) stopped with the therapy prematurely (see Table 1).


Table 1. Demographical and clinical characteristics of the sample.

[image: Table 1]

An independent-samples t-test was conducted to compare the baseline OCD-severity for participants that chose to participate and for patients who chose not to. There was no significant difference in YBOCS-scores of the participants (N = 58) (M = 28.7, SD = 5.1) and the non-participants (N = 9) [M = 30, SD = 3.3; t(66) = −0.73, p = 0.47]. Another independent-samples t-test was conducted to compare symptom change for participants of the study and for patients who chose not to participate. There was no significant difference in symptom change of the participants (N = 55) (M = 11.3, SD = 1.1) and the non-participants (N = 7) [M = 11.0, SD = 3.3; t(61) = 0.08, p = 0.94]. We were not able to locate 3 participants for the outcome measurement after they prematurely dropped out of treatment. They were therefore excluded from the outcome analyses (see Figure 1).



BAT

Fifty-eight BAT's were designed, performed and considered valid.

Participants took an average of 7.8 steps, range 1–10 (SD = 2.7). Forty-two percentage of the participants reached the last step (step 10) on their BAT (see Table 2). The highest rating of the SUD during the BAT was on average 8.2, range 4–10 (SD = 1.6).


Table 2. BAT-score at start of treatment.
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Relation Between the BAT-Score and Symptom Change

There were no violations of the assumptions of normality, linearity and homoscedasticity and collinearity diagnostics revealed that multicollinearity was not a problem for the analyzed models.

The results of the hierarchical multivariate regression analysis showed that the first model with only baseline OCD severity had a predictive value of 18%. After entry of the BAT-score (model 2), the total variance explained by the model as a whole was augmented with 6% to R2 = 24%, F(1, 52) = 4.26, p < 0.05. The effect size of this 6% augmentation is an cohen's f 2 of 0.06, which is considered a small to medium effect size (see Table 3).


Table 3. Summary of the multivariate linear regression analysis for the relation between the BAT-score and symptom change.

[image: Table 3]

When the effect of the baseline OCD severity is held constant, the YBOCS of a patient declines after 12 weeks of IRT by.78 point more with each extra step a participant takes during the pre-treatment BAT. The separate multivariate regression analysis, performed to examine a possible interaction effect, revealed there was no such effect.




CONCLUSION AND DISCUSSION

This study examined the relation between the performance on a pre-treatment behavior approach test (BAT) and symptom change in treatment refractory patients with OCD after 12 weeks of Intensive Residential Treatment (IRT).

In line with our hypothesis, performance on the BAT was significantly associated with symptom change after IRT. Although statistically significant, the added value to the predictive value of baseline OCD severity alone is small: an augmentation from 18% to 24% predictive value for symptom change after 12 weeks of IRT. There was no significant interaction effect between BAT-score and baseline OCD severity.

The aim of this study is to examine the association between pre-treatment performance on a behavioral test on willingness and ability to fully engage in EX/RP (the BAT) and response to IRT. With a strong enough association (medium or strong) it would be warranted to test the predictive value of the BAT to ultimately contribute to the development of a go-no go test for IRT or an instrument that may contribute to personifying treatment for patients with severe, treatment refractory OCD.

For that ultimate goal the association between the BAT-score and symptom change ought to be at least medium. We conclude that although we found an association between the BAT-score and symptom change, its effect-size is too small to justify transforming the BAT in its current fashion into a clinically deployable instrument for indicating which treatment and treatment-setting is most promising for the individual patient. The statistical model including the BAT-score and baseline OCD severity predicts 24% of the symptom change, leaving 76% to not further specified factors. This leaves too much margin for error for a go-no-go test on an individual level.

This is to the best of our knowledge the first study examining the association between treatment outcome and pre-treatment willingness and ability to fully engage in EX/RP, by requesting a participant to actually carry out what they have verbally committed to.

Another strength of the study is the representativeness of the participants for the patient-group we aimed for in this study. Based on the clinical characteristics of the group of participants, we can conclude that it is a group of patients with chronic and severe symptoms and with predominantly one or more comorbid disorders, which were often personality or autism spectrum disorders. We attempt to improve treatment opportunities for specifically these patients and conducted this study to attribute to this goal.

Previous studies report more convincing evidence for (early) adherence and low avoidance as predictors for treatment response. One difference is that these studies included patients generally receiving first treatments in outpatient settings (15, 16). In the study of Reid and colleges, who examined willingness as a predictor for treatment outcome during IRT, participants surely had previous treatment, but as a condition only a history of pharmacological treatment was required for admission to the IRT (17). Perhaps patients with ongoing severe OCD after one or more adequately performed treatments with CBT, like the participants in our study, belong to a selective group, for whom other factors are more decisive for achieving a good treatment outcome. This possibly leaves a smaller role of importance for willingness and ability to EX/RP.

This being said, it should also be taken into account that there were some limitations that might have influenced our findings.

Firstly, although the participants were instructed and stimulated to take as many steps as possible, our participants were free to decide how far they would go, and -as it was part of a study- the reached BAT-score did not have consequences for their further treatment-course. A BAT fully integrated as a part of the assessment-procedure for the IRT will possibly have more impact.

Secondly the presence of the nurse and the element of being videotaped possibly influenced the way participants performed on the BAT in comparison to having to do the exposure tasks alone. If one or both of these possibilities are true, the BAT might not be a completely ecologically valid instrument to measure the willingness and ability to conduct EX/RP, possibly resulting in toned down findings.

Further, participants agreed to abstain from neutralizing behavior after finishing the BAT, however, it was not possible to check whether they really did not perform any of this behavior. This means that some BAT score might overestimate the level of engagement in EX/RP.

Also, the BAT may not have been challenging enough for certain patients. To our surprise it was observed that, when examining the number of steps taken by the participants on the BAT (Table 2), a large group (42.4%) reached step 10. In this sample the BAT was not able to further differentiate between the participants in their level of willingness and ability to expose themselves to their feared situations. Possibly the predictive value of the BAT will be greater, when a way is found to design some more challenging steps.

Another consideration is that the BAT tests were all idiosyncratically designed and focused on different subtypes of OCD, present in the sample. Thorough efforts were made by the therapists and patients to design BATs with between-patients comparable ascending steps from 1 to 10 to create a BAT-score that would resemble the level of willingness and ability to full EX/RP. However, every OCD is different, even within subtypes of OCD and therefore it is impossible to make the steps fully equal between for example a patient exposing oneself to say “forbidden” words and another patient exposing oneself to touch an uncleaned floor. Any attempt to design a naturalistic idiosyncratic instrument, relevant for the diverse clinical practice, carries the risk that for example step 4 of one BAT, might not completely comprise the same “amount” of willingness and ability to full exposure as step 4 on another BAT. If this is the case, this may have distorted the results to some extent.

Finally, possible bias may have emerged from the fact that a part of the patients that were eligible to participate refused to do so. Our impression was that for all 19 patients the great tendency to avoid exposure was a big factor for deciding to refuse to participate. We wonder whether this group would have had a low BAT-score. The BAT would possibly have more predictive value if this group could have been included. The comparisons we made between the participants and non-participants on baseline severity and symptom change do not give the impression there was a difference between the two groups. The small size of the group of non-participants of whom we could include their data in the analyses must be noted as limitation when interpreting these findings.

For further personifying treatments and maximizing therapeutic outcomes we are still in need of tools that can differentiate between the patients who do profit from IRT and the ones who do not or are in need of more extensive preparation trajectories. We suggest to further optimize the BAT to further examine the possible predictive value of these kind of tests.

We find it promising because—although little-there is an association between the BAT and symptom change after IRT, despite investigating this within this patient group with severe, chronic, complex and treatment refractory OCD, despite the fact that the BAT needs further fine-tuning to create more differentiation in the 42.4% that performed maximum on the current BAT, and despite the possible bias due to the non-participants.

Concluding, the predictive value of pre-treatment willingness and ability to fully engage in EX/RP does seem to be a promising field to further explore. We are still in great need of more instruments to predict treatment effect in patients with OCD, also for the patient group with severe, chronic and complex OCD. We consider our findings as a promising development in our quest to find one. More research is needed for a better understanding of the concept of willingness and ability to fully engage in EX/RP and its predictive value. This may help to further adapt or fine-tune the BAT in order to realize an effective predictive test for clinical use.



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 Medisch Ethische commissie, UMC Amsterdam, Locatie VUmc/De Boelelaan, Amsterdam, the Netherlands. The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

MvG-dVvS, AL, HM, and HV contributed to conception and design of the study. MvG-dVvS, JS, and HV collected the data and organized the database. MvG-dVvS and HV performed the statistical analysis. MvG-dVvS wrote the first draft of the manuscript. All authors contributed to manuscript revision and approved the submitted version.



FUNDING

This study was funded by Stichting Achmea Gezondheidszorg, registration number Z707. The funders had no role in the design and conduct of the study; collection, management, analysis, and interpretation of the data; nor the preparation of the manuscript. This study was furthermore financially supported by GGZ Centraal.



ACKNOWLEDGMENTS

First of all the authors thank all participants for their participation to the study. They thank the Stichting Achmea Gezondheidszorg and GGZ Centraal for their contribution. Furthermore, we address our special thanks to the staff of the Marina de Wolfcentrum, the department Innova and the GGZ Centraal research group for Anxiety and OCD for all their support. We also express our gratitude to Mr. E. I. B. Drost-Schimmelpenninck van der Oije for her linguistic and textual support.



ABBREVIATIONS

BAT, Behavior Approach Test; EX/RP, exposure and response prevention; IRT, intensive residential treatment.



REFERENCES

 1. Visser HA, Oppen Pv, Megen HJv, Eikelenboom M, Balkom AJv. Obsessive-compulsive disorder; chronic versus non-chronic symptoms. J Affect Disord. (2014) 152:169–74. doi: 10.1016/j.jad.2013.09.004

 2. Bobes J, González MP, Bascarán MT, Arango C, Sáiz PA, Bousoño M. Quality of life and disability in patients with obsessive-compulsive disorder. Eur Psychiatry. (2001) 16:239–45. doi: 10.1016/S0924-9338(01)00571-5

 3. Dell'Osso B, Nestadt G, Allen A, Hollander E. Serotonin-norepinephrine reuptake inhibitors in the treatment of obsessive-compulsive disorder: a critical review. J Clin Psychiatry. (2006) 67:600–10. doi: 10.4088/JCP.v67n0411

 4. Abramowitz JS. The psychological treatment of obsessive-compulsive disorder. Can J Psychiatry. (2006) 51:407–16. doi: 10.1177/070674370605100702

 5. Skapinakis P, Caldwell DM, Hollingworth W, Bryden P, Fineberg NA, Salkovskis P, et al. Pharmacological and psychotherapeutic interventions for management of obsessive-compusive disorder in adults: a systematic review and network meta-analysis. Lancet Psychiatry. (2016) 3:730–9. doi: 10.1016/S2215-0366(16)30069-4

 6. Olatunji BO, Davis ML, Powers MB, Smits JA. Cognitive behavioral therapy for obsessive-compulsive disorder: a meta analysis of treatment outcome and moderators. J Psychiatr Res. (2013) 47:33–41. doi: 10.1016/j.jpsychires.2012.08.020

 7. Farris S, McLean C, Meter Pv, Simpson HB, Foa E. Treatment response, symptom remission and wellness in OCD. J Clin Psych. (2013) 74:685–90. doi: 10.4088/JCP.12m07789

 8. Balkom ALJMv, Vliet IMv, Emmelkamp PMG, Bockting CLH, Spijker J, Hermens MLM, et al. Multidisciplinaire Richtlijn Angststoornissen. Utrecht: Trimbos-instituut (2013).

 9. National Institute for Health and Care Excellence. Obsessive-Compulsive Disorder and Body Dysmorphic Disorder: Treatment. Clinical Guideline 31. (2005). Available online at: https://nice.org.uk/guidance/cg31

 10. Veale D, Naismith I, Miles S, Gledhill LJ, Stewart G, Hodsoll J. Outcomes for residential or inpatient intensive treatment of obsessive–compulsive disorder: a systematic review and meta-analysis. J Obsessive Compulsive Related Disord. (2016) 8:38–49. doi: 10.1016/j.jocrd.2015.11.005

 11. Brennan BP, Lee C, Elias JA, Crosby JM, Mathes BM, Andre MC, et al. Intensive residential treatment for severe obsessive-compulsive disorder: characterizing treatment course and predictors of response. J Psychiatr Res. (2014) 56:98–105. doi: 10.1016/j.jpsychires.2014.05.008

 12. Siwiec SG, Riemann BC, Lee H-J. Predictors of acute outcomes for intensive residential treatment of obsessive–compulsive disorder. Clin Psychol Psychother. (2019) 26:661–72. doi: 10.1002/cpp.2389

 13. Balachander S, Bajaj A, Hazari N, Kumar A, Anand N, Manjula M, et al. Long-term outcomes of intensive inpatient care for severe, resistant obsessive-compulsive disorder. Can J Psychiatry. (2020) 65:779–89. doi: 10.1177/0706743720927830

 14. Nanjundaswamy MH, Arumugham SS, Narayanaswamy JC, Reddy YCJ. A prospective study of intensive in-patient treatment for obsessive-compulsive disorder. Psychiatry Res. (2020) 291:113303. doi: 10.1016/j.psychres.2020.113303

 15. Wheaton MG, Gershkovich M, Gallagher T, Foa E, Simpson HB. Behavioral avoidance predicts treatment outcome with exposure and response prevention for obsessive-compulsive disorder. Depress Anxiety. (2018) 35:256–63. doi: 10.1002/da.22720

 16. Simpson HB, Maher MJ, Wang Y, Bao Y, Foa EB, Franklin M. Patient adherence predicts outcome from cognitive-behavioral therapy in obsessive-compulsive disorder. J Consult Clin Psychology. (2011) 79:247–52. doi: 10.1037/a0022659

 17. Reid AM, Garner LE, Van Kirk N, Gironda C, Krompinger JW, Brennan BP, et al. How willing are you? Willingness as a predictor of change during treatment of adults with obsessive–compulsive disorder. Depression Anxiety. (2017) 34:1057–64. doi: 10.1002/da.22672

 18. Dowling N, Thomas N, Blair-West S, Bousman C, Yap K, Smith DJ, et al. Intensive residential treatment for obsessive-compulsive disorder: outcomes and predictors of patient adherence to cognitive-behavioural therapy. J Obsessive Compulsive Relat Disord. (2016) 9:82–9. doi: 10.1016/j.jocrd.2016.04.006

 19. Maher MJ, Wang Y, Zuckoff A, Wall MM, Franklin M, Foa EB, et al. Predictors of patient adherence to cognitive-behavioral therapy for obsessive-compulsive disorder. Psychother Psychosom. (2012) 81:124–6. doi: 10.1159/000330214

 20. Glenn D, Golinelli D, Rose RD, Roy-Byrne P, Stein MB, Sullivan G, et al. Who gets the most out of cognitive behavioral therapy for anxiety disorders? The role of treatment dose and patient engagement. J Consul Clin Psychol. (2013) 81:639–49. doi: 10.1037/a0033403

 21. Keijsers GPJ, Minnen Av, Hoogduin CAL. Protocollaire behandelingen in de ambulante geestelijke gezondheidszorg. Houten: Bohn Stafleu Van Loghum (2004).

 22. Cammin-Nowak S, Helbig-Lang S, Lang T, Gloster AT, Fehm L, Gerlach AL, et al. Specifity of homework compliance effects on treatment outcome in CBT: evidence from a controlled trial on panic disorder and agoraphobia. Journal Clin Psychol. (2013) 69:616–29. doi: 10.1002/jclp.21975

 23. Nienhuis FJ, Willige Gvd, Rijnders CAT, Jonge Pd, Wiersma D. Validity of a short clinical interview for psychiatric diagnosis: the mini-SCAN. Br J Psychiatry. (2010) 196:64–8. doi: 10.1192/bjp.bp.109.066563

 24. Nienhuis FJ, Giel R. MiniSCAN voor klinisch gebruik. Lisse: Swets & Zeitlinger (2000).

 25. Wolpe J. The Practice of Behavior Therapy. New York, NY: Pergamon Press (1969).

 26. Goodman WK, Price LH, Rasmussen SA, Mazure C, Fleischmann RL, Hill CL, et al. The yale-brown obsessive compulsive scale. I. development, use, and reliability. Arch Gen Psychiatry. (1989) 46:1006–11. doi: 10.1001/archpsyc.1989.01810110048007

 27. Mataix-Cols D, Fernández de la Cruz L, Nordsletten AE, Lenhard F, Isomura K, Simpson HB. Towards an international expert consensus for defining treament response, remission, recovery and relapse in obsessive-compulsive disorder. World Psychiatry. (2016) 15:80–1. doi: 10.1002/wps.20299

 28. First MB, Spitzer RL, Gibbon M, Williams JBW. Structured Clinical Interview for DSM-IV Axis I Disorders- Patient Edition (Scid-I/P, Version 2.0). Lisse: Swets & Zeitlinger (1999).

 29. Kan CC, Geurts HM, Bosch Kvd, Forceville EJM, Manen Jv, Schuurman CH, et al. Multidisciplinaire richtlijn diagnostiek en behandeling van autismespectrumstoornissen bij volwassenen. Utrecht: de Tijdstroom (2013).

 30. Faul F, Erdfelder E, Buchner A, Lang A-G. Statistical power analyses using G*Power 3.1: tests for correlation and regression analyses. Behav Res Methods. (2009) 41:1149–60. doi: 10.3758/BRM.41.4.1149

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.

Copyright © 2021 van Geijtenbeek-de Vos van Steenwijk, de Leeuw, van Megen, Selier and Visser. 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: 29 July 2021
doi: 10.3389/fpsyt.2021.687680






[image: image2]

OCD Influences Evidence Accumulation During Decision Making in Males but Not Females During Perceptual and Value-Driven Choice

Xiao Ma1, Ashton Megli1†, Christopher Pittenger1,2,3 and Helen Pushkarskaya1*


1Department of Psychiatry, School of Medicine, Yale University, New Haven, CT, United States

2Department of Neuroscience, School of Medicine, Yale University, New Haven, CT, United States

3Yale Child Study Center, School of Medicine, Yale University, New Haven, CT, United States

Edited by:
Christine Lochner, Stellenbosch University, South Africa

Reviewed by:
Gerald Nestadt, Johns Hopkins University, United States
 Lucy Albertella, Monash University, Australia
 S. Evelyn Stewart, University of British Columbia, Canada

*Correspondence: Helen Pushkarskaya, helen.pushkarskaya@yale.edu

†Present address: Ashton Megli, Brown School, Washington University in St. Louis, St. Louis, MO, United States

Specialty section: This article was submitted to Mood and Anxiety Disorders, a section of the journal Frontiers in Psychiatry

Received: 29 March 2021
 Accepted: 23 June 2021
 Published: 29 July 2021

Citation: Ma X, Megli A, Pittenger C and Pushkarskaya H (2021) OCD Influences Evidence Accumulation During Decision Making in Males but Not Females During Perceptual and Value-Driven Choice. Front. Psychiatry 12:687680. doi: 10.3389/fpsyt.2021.687680



Individuals with obsessive-compulsive disorder (OCD) often have difficulty making decisions. Valuation and value-based judgements are particularly difficult. The mechanisms underlying these impairments are still poorly understood. Previous work has suggested that individuals with OCD require more information prior to making a choice during perceptual discrimination tasks. Little previous work has examined value-guided choice in OCD. Here we examined perceptual and value-based decision making in adults with OCD, using a novel task in which the two types of decision are tested in parallel using the same individually calibrated sets of visual stimuli (Perceptual and Value-based decision-making task, PVDM). Twenty-seven unmedicated participants with OCD (16 female) and thirty-one healthy controls (15 female) were tested. Data were analyzed using hierarchical drift-diffusion modeling (HDDM). Decision formation was altered in OCD, but differentially between genders: males with OCD, but not females, accumulated more information (i.e., were more cautious) and were less effective in evidence accumulation than age- and IQ-matched healthy males. Furthermore, males with OCD, but not females, were less likely than controls to adjust the process of evidence accumulation across decision contexts. These unexpectedly gender-dimorphic effects suggest that more attention should be paid to gender differences in studies of OCD, and of pathophysiology more broadly.

Keywords: obsessive compulsive disorder, evidence accumulation, drift diffusion model of choice, perceptual decisions, value-based decisions, gender differences


INTRODUCTION

Decision making and information processing are aberrant in individuals with OCD. Indecisiveness, doubt, and impaired behavioral control are common; behavioral inflexibility has been suggested as a neurocognitive endophenotype (1–5). Deeper understanding of these deficits may provide better insights into the phenomenology and pathophysiology of the disorder and may thereby contribute to the development of new targets for therapeutic interventions. OCD is markedly heterogeneous. Careful characterization of individual variation in information processing and decision making may provide insight into this heterogeneity and ultimately contribute to individualized treatment selection.

Real-world decisions are not made instantaneously: evidence is accumulated over time until a decision is reached (6). Self-report measures and direct measures of behavior (e.g., choice accuracy and reaction time) provide limited insight into irregularities in evidence accumulation. Computational modeling of behavioral data, such as the Drift-Diffusion Model of choice (DDM), can better quantify individual variations in underlying decision formation processes and help to identify the corresponding neurobiology (7). The DDM approach is a powerful tool for examining individual differences in a process of decision formation, since even the small and medium effect size differences in observed behavioral measures (choice accuracy and reaction time) can correspond to larger effect sizes for differences in the latent decision parameters (8). Thus, laboratory samples of a relatively modest size (total N ~60) are well-powered to detect between-group effects of interest. Using Hierarchical Bayesian estimation of DDM parameters [HDDM; (9)] further improves power of such analyses (10). Thus, parameters derived using HDDM are increasingly used in decision science, both in studies of basic mechanisms and in studies of decision making in clinical populations (11).

The DDM framework [Figure 1 (6)] suggests that a choice is made only after accrued evidence in favor of one of the available options crosses a critical threshold (termed the decision threshold or boundary separation). Lower decision thresholds produce less accurate, more impulsive choices; higher decision thresholds lead to more accurate, more cautious choices. The time it takes to make a decision is determined both by this threshold and by the rate of evidence accumulation, termed the drift rate. The drift rate reflects effectiveness of evidence accumulation during decision formation, or the signal-to-noise ratio of the evidence accumulation process; it has been shown to positively correlate with general cognitive abilities [e.g., IQ, (12)]. Optimal decision making requires adjustment of decision thresholds and drift rates in response to current task demands. For instance, more difficult tasks (e.g., “which is sweeter, Pepsi or Coke?”) require more evidence to be accumulated before a decision is made (higher decision threshold) and may slow down the process of accumulation of such evidence (reduce the drift rate). On the other hand, easier choices (e.g., “what is hotter, ice-cream or hot tea?”) can be made with very little additional evidence and can be processed very effectively (i.e., lower thresholds and higher drift rates).


[image: Figure 1]
FIGURE 1. Drift diffusion model (6): main parameters and graphical representation. During stimulus presentation, evidence is accumulated with an average rate v until reaching the Boundary A or B.


Adjustments of DDM parameters in response to task demands vary among individuals. For instance, on four different tasks [a signal detection task (13), letter discrimination (14), masked brightness discrimination (15), and recognition memory (16)], when instructed to make choices as quickly as possible, college students were more willing to sacrifice accuracy for speed (i.e., to reduce decision thresholds) than participants who were older than 60 (16). During the random dots motion task (RDM), individuals with OCD increased their decision thresholds in response to increased task difficulty significantly more than did age-matched healthy individuals (17). This may correspond to the indecision and doubt often seen in OCD, especially during difficult tasks. When a monetary incentive penalizing slow responses was introduced, individuals with OCD decreased the decision threshold more than healthy individuals, accumulating less evidence during easier choices (17). This may reflect heightened sensitivity to potential negative outcomes [i.e., loss aversion (18)].

Several studies have used the DDM framework to examine perceptual decisions in individuals with OCD (17, 19, 20). Perceptual decisions involve the integration of sensory evidence to produce a categorical choice between options [e.g., “one item is larger than the other one,” or “more dots are moving to the left than to the right” (16)]. Recent evidence suggests that value-based subjective judgements (e.g., “I like oranges more than apples”) are also impaired in OCD. For instance, individuals with OCD have been shown to be more inconsistent in their value-based choices (i.e., to prefer option A to option B during some trials and prefer option B to option A during other trials within the same gambling task) and to choose objectively suboptimal options more often than healthy individuals [e.g., choose a 50–50 gamble of wining $5 or nothing over a certain payoff of $5; Pushkarskaya, Tolin (21)]. It has been suggested that impaired valuation in OCD may explain a close link between OCD symptoms and anhedonic tendencies, independent of general depression (22, 23).

Perceptual and value-base judgements are typically independent. For instance, one may equally like small kiwi and large watermelon, or prefer one black dress to another. Studies that characterize evidence accumulation during value-based judgement using DDM in the general population are sparse (24–26); but there is some evidence that healthy individuals (25, 27) process information more efficiently but respond more cautiously during perceptual than during value-based choice. Value-based choice has not been examined using DDM in OCD, or indeed in any other forms of psychopathology. Examining how DDM parameters (e.g., decision thresholds) adjust in response to task demands across contexts (e.g., not only easy vs. difficult choices, but also perceptual vs. value-based choices) may help characterizing OCD-associated impairments in decision formation more broadly.

OCD-associated impairments in decision making, both under certainty and uncertainty, have been assessed using a broad range of self-report instruments and behavioral tasks (28). An important consideration in all such studies is that OCD is markedly heterogeneous in specific symptoms (29), the motivation that drives these symptoms [incompleteness and harm avoidance (30)], comorbidity (31), and natural history (32). Some of this heterogeneity may be attributable to sex/gender (33–35). Reviews of the literature describing sexual dimorphism in OCD have progressed over the decades from dismissing the possibility of gender effects in OCD (36) to acknowledging growing evidence (29, 35, 37, 38). OCD is more common among males in childhood, but among females in adolescence and adulthood (39). Females with OCD tend to report higher depression and anxiety (35), to exhibit more contamination/cleaning symptoms, and to have greater comorbidity with eating and impulse-control disorders (38). Research on deficits in executive functioning in OCD (40–44) has not systematically examined gender differences; most laboratory studies are not adequately powered for such analyses. However, a recent metanalysis found that the proportion of females in individual studies correlated with effect sizes of some neuropsychological impairments in OCD, suggesting the possibility of a sex/gender effect (45). Specifically, in samples with more female participants, the OCD group had worse performance on set shifting and working memory tasks.

In this study, to directly test OCD-associated impairments in decision formation across contexts for sexual dimorphism, we recruited gender balanced samples of unmedicated individuals with OCD and of healthy individuals to complete a novel decision-making task, the Perceptual and Value-based Decision Making (PVDM) task. We analyzed these data using HDDM to contrast decision formation across contexts (perceptual vs. value-based, easy vs. difficult) in individuals with OCD and healthy controls, and to test whether OCD-associated impairments in decision formation across contexts are modulated by gender.



MATERIALS AND METHODS


Participants

All procedures were approved by the Yale University Human Investigation Committee. All participants provided written informed consent and completed a demographic questionnaire and the Kaufman Brief Intelligence Test (46). All participants completed the Perceptual and Value-based Decision-Making task (PVDM, detailed below) and were compensated for their time.

A priori power analysis indicated that, given anticipated large effect sizes [Cohen's f > 0.4 (8)], to detect differences between 4 groups using ANCOVA while controlling for age and IQ with p < 0.05 and power equal to 0.8, we needed a total sample of N > 52 (47). We used HDDM to further improve the power of planned analyses (10).

Twenty-nine adults with OCD (17 females; age range = 18–62 years, mean = 31 ± 11 SD), unmedicated for at least 8 weeks, and thirty-two healthy adults (16 females; age range = 18–59 years, mean = 30 ± 11 SD) were recruited through the Yale OCD Research Clinic (ocd.yale.edu). Diagnoses were established by doctoral-level clinicians and confirmed using the Mini International Neuropsychiatric Interview 7.0.2 [MINI (48)]. Clinically significant OCD symptoms were defined as Y-BOCS ≥ 16. OCD was the primary clinical diagnosis in all twenty-nine individuals with OCD; fifteen of them also reported clinically significant comorbidities, which included panic disorder (7), depression (6), social phobia (4), agoraphobia (3), PTSD (2), and GAD (2). None of our study participants meet criteria for comorbid impulse control disorder. Severity of obsessions and compulsions was assessed using the Yale-Brown Obsessive-Compulsive Scale [Y-BOCS (49, 50)] and severity of depression using Beck Depression Inventory – II scale [BDI - II (51)]. OCD symptoms were also assessed dimensionally, using Obsessive-Compulsive Inventory revised [OCI-R, (52)], Dimensional Obsessive-Compulsive Scale [DOCS, (53)], and the Obsessive-Compulsive Trait Core Dimensions Questionnaire [OC-TCDQ, (54)]. These assessments were administered within 1 week of behavioral testing. Exclusion criteria included IQ <70, current severe major depression (BDI-II ≥ 29), a primary psychotic disorder, autism, moderate or severe substance use disorder within the past 6 months, and poor visual acuity (after correction).



Perceptual and Value-Based Decision-Making Task (PVDM)

In a preliminary study, 20 unscreened individuals, recruited from the general population in the New Haven area using flyers, rated 200 grayscale images (judged to be affectively neutral by a principal investigator) on a sliding scale from “1” (= Do not like) to “7” (= Like very much). Participants were also asked to classify all images as “neutral” or “emotional.” All images classified as “emotional” by ≥ 2 people were excluded. For all remaining images, the average liking rating was calculated, as was the average grayscale density (i.e., “blackness”). One hundred-twenty images were selected with a uniform distribution of “liking” and “blackness” ratings.

The PVDM task consists of two interleaved experimental conditions, perceptual (PDM) and value-based decision making (VDM), presented in 3 phases, one after the other, in a single session. Phase I was Rate I, Phase II was Choices, and Phase II was Rate II, as detailed below. The same images were used in both experimental conditions (PDM and VDM), allowing us to control for various potential confounds.

During Phase I (Rating I), participants provide individual perceptual and value-based ratings (i.e., blackness and liking) of the 120 grayscale images, presented one at time in the middle of the screen in a pseudorandom order (Figure 2A). For perceptual ratings, participants were instructed to estimate “what portion of the image (in percent) is covered by black ink, assuming that all white is 0%, all black is 100%, and all evenly gray is 50%,” on a scale from 10 to 90% in steps of 10%. For value-based ratings, participants were instructed to indicate “how much do you like this painting” with a sliding scale from “1” (= Do not like) to “9” (= Like very much). This phase was untimed; the typical time required to complete it was about 10 min.


[image: Figure 2]
FIGURE 2. Experimental tasks and behavioral analyses. (A) Trial structure: rate (Phase I) and choice (Phase II) phases. (B) Task stimuli: the same neutral images were used for perceptual (PDM) and value-based (VDM) trials. (C) RT histograms for PDM and VDM trials for all participants groups. (D) Relative change in the mean reaction time (RT) from PDM to VDM choices by diagnostic group and gender. (E) The median accuracy (proportion of trials with accurate responses, based on rate II) for all participants groups during PDM and VDM trials. Accuracy of choices during PDM or during VDM trials, as well as the percentage change in accuracy from PDM to VDM trials, did not differ significantly across the diagnostic or gender groups. Error bars in (D,E). are 95% CI.


In Phase II (Choices, Figure 2A), images were presented in pairs, and the participant was instructed to pick one. Before the beginning of Phase 2, an algorithm selected a subset of the 120 images, providing balanced image pairs, based on the subject's own ratings, for both PDM and VDM trials. The difficulty of discriminating between pairs of images was calculated from ratings of images in Phase 1. The difficulty of choices was assessed as follows. Let three images, Image 1, Image 2, and Image 3, during Rate 1 be judged as being 40% black, 30% black and 90% black, respectively. Then deciding which image has more black color would be easier given a pair of Image 1 (40% black) and Image 3 (90% black) than given a pair of Image 1 (40% black) and Image 2 (30% black). During PDM choice trials, we classified a choice between Image 1 and Image 2 as difficult (10% separation) and a choice between Image 1 and Image 3 as easy (50% separation). Similarly, let three images, Image 1, Image 2, and Image 3, be valued on the “likeness” scale as 4, 3, and 9, respectively. During VDM choice trials, we classified a choice between Image 1 and Image 2 as difficult (1 point separation), and a choice between Image 1 and Image 3 as easy (5 points separation).

One hundred unique pairs of images were generated for each condition, 25 for each level of difficulty (“proportion black” separation of 10, 20, 40, or 50%; “liking” separation of 1, 2, 4, or 5). Choices between similarly rated images (10 or 20% difference for PDM; 1 or 2 for VDM) were defined as difficult choices; choices between more widely separated images (40 or 50% for PDM; 4 or 5 for VDM) were defined as easy choices (Figure 2B). Each pair of images was displayed twice, for a total of 400 trials. On each choice trial, participants were asked to select one of the two images by pressing a button “1” for an image on the left and “2” for an image on the right, with no time limit. Choice trials were grouped in four blocks (two blocks of PDM trials and two blocks of VDM trials, 100 trials each; order of blocks is counterbalanced across subjects). Each block started with screen that announces what type of choice are given during this block (“Please choose an image that you like more” for VDM trials, or “Please choose the image that is darker” for PDM trials). On average, total time required for this phase was about 20 min.

Importantly, the selection of images for Phase II Choices was such that “blackness” of images did not correlate with “likeness” of these images for an individual subject. This was to make sure that value-based characteristics of the images (i.e., how much a participant liked or disliked the image) did not systematically affect perceptual characteristics of the images (i.e., how dark the image was).

Phase III (Rating II) was identical to Phase I; these data are used to examine the stability of ratings.

During the experiment, participants sat ~80 cm away from the 22-inch monitor screen (resolution 1,680 ×1,050 pixels); all images were of the same size during all phases (Rate I, Choice, and Rate II): length ~0.30°; height ~0.45° (recall that during Choice phase two images were presented on the screen).

Thus, PVDM allows characterizing and contrasting perceptual and value-based judgments using the same set of stimuli. During PDM trials, participants were asked to make binary choices based on accumulated sensory evidence; these choices reflect perceptual judgements. During VDM trials, participants were asked to make binary choices based on their subjective valuation of each image; these choices reflected their subjective value-based judgements. The selection of images for Phase II Choices was such that “blackness” of images did not correlate with “likeness” of these images.

The task was explained to participants at the beginning of the experiment. Next, participants complete 3 practice PDM and 3 VDM trials from each phase, and they were given an opportunity to ask questions. During practice, PDM trials, on which there is an objectively correct answer, feedback was provided. After participants had an opportunity to ask questions and to discuss this feedback and confirmed that they understood the task, they proceeded to the experiment, starting with Phase I. To incentivize accurate choices, participants were told that at the end of the experiment, one trial from the Choices phase would be randomly selected. If a VDM trial was selected, participants received a copy of the selected image in a 4” × 4” frame. If a PDM trial was selected and they chose the objectively correct response, they received $5 in addition to the base participation fee of $40.



Computational Modeling
 
Data Pre-processing

Choice data and reaction time data were recorded for each participant and preprocessed as described below for fitting to the drift-diffusion model of two-alternative forced-choice decision-making tasks (6). DDM fitting requires two types of input data: response time and accuracy of each choice.

Data from 61 subjects (12 males with OCD, 17 females with OCD, 16 healthy males, 16 healthy females) was examined for random and careless responses. First, we excluded subjects who rated all images during rate Like phase only as “1” (= Do not like at al), “5”(Neutral), or “9” (= Like very much). Second, for each image, we compared ratings from Rate I and Rate II phases. While some variations in ratings between two phases are expected; significant changes are indicative of careless or unreliable ratings. Thus, if ratings of the same image during Rate I and Rate II differed in more than 4 points, we removed VDM trials that used this image for this subject. If more than 15% of trials were excluded for the subject's data, data from this subject was excluded from the analysis as unreliable. Based on these two criteria, three subjects were excluded from the analysis (1 healthy female, 1 female with OCD, and 1 male with OCD). Thus, data from 58 subjects (11 males with OCD, 16 females with OCD, 16 healthy males, 15 healthy females) were included in the next step of analyses.

Next, since DDM fitting is sensitive to outliers (55), we examined data for short and long outliers. First, all trials with RT > 6 s or <0.2 s were discarded (56). Next, for each individual subject we excluded trials that were classified as extreme outliers (RT < mean - 3 SD or RT > mean + 3 SD).

Accuracy in PDM trials was defined with respect to the objective “blackness” of the images. Accuracy was “1” for trials when participant chose the image with the higher density and “0” otherwise.

Accuracy in VDM trials was defined based on the individual subjective ratings provided during the Rate I and Rate II task phases. It was not uncommon for individuals to change their valuation of some images after being forced to make a choice between them [the “choice-induced preferences effect” (57)]. However, large changes in the ratings of an image within a short period of time may indicate careless responses. Thus, for each participant we excluded trials containing images that were rated highly inconsistently during Rate I and Rate II (difference between two ratings >4 points). For the remaining images, we defined three measures of subjective valuation: (1) based on responses from Rate I, (2) based on responses from Rate II, and (3) based on the average of these two ratings [i.e., mean (Rate I, Rate II)]. Accuracy on each choice was determined using each of these measures. As detailed below, DDM was computed using each of these accuracy measures, to determine which gave the best model fit.



Descriptive Analysis of Behavioral Data

To assess the effect of decision context on reaction time (RT) and accuracy, we computed the relative change in average RT for each subject [e.g., (mean RTi during value-based choices – mean RTi during perceptual choices)/mean RTi during perceptual choices for all i = 1,…,58 subjects in our sample] and accuracy rates [e.g., (mean Accuracyi during value-based choices – mean Accuracyi during perceptual choices)/mean Accuracyi during perceptual choices for all i = 1,…,58 subjects] and used one-sample t-test for normally distributed variables (i.e., Shapiro-Wilk test p-value is > 0.05) or non-parametric one-sample Wilcoxon signed-rank test for variables that were not normally distributed to test the resulting values against a mean (or median) of 0, using SPSS statistics (v26, IBM, New York, USA). The significance threshold was set to 0.05, adjusting for multiple comparisons using the Bonferroni method. To examine whether OCD diagnosis and/or gender modulate the effect of the decision context on reaction times and accuracy, we employed univariate 2 × 2 ANOVA using SPSS statistics for normally distributed variables and nonparametric ANOVA using R (“aligned.rank.transform” routine) for variables that were not normally distributed.



Model Fitting

Preprocessed response time and accuracy data were analyzed using hierarchical Bayesian parameter estimation in the Drift Diffusion Model [HDDM (9)]. We particularly focus on two DDM parameters – decision threshold, a, and the drift rate, v, (Table 1, Figure 1) – and on how these parameters respond to task demands (perceptual vs. value-based decisions, easy vs. difficult choices), and how these adjustments are modulated by the OCD diagnosis and gender.


Table 1. Demographic and clinical characteristics of the study participants.

[image: Table 1]

To improve the quality of parameter estimation, we employed the basic 4-parameter model (58) and allowed these parameters to vary across trial types (PDM vs. VDM) and choice difficulty (easy vs. difficult). Next, to examine effects of interest, we allowed three of the parameters (the decision threshold, the drift rate, and the non-response time) to depend on the subject's diagnosis (Dx: OCD or HC) and gender. Finally, we included covariates that have been shown to affect the decision threshold and the drift rate in prior studies and that potentially could confound our estimates of effects of OCD diagnosis and gender. This approach produces the following models:

Model 0: a ~ trial type, difficulty; v ~ trial type, difficulty; τ ~ trial type, difficulty; z;

Model 1: a ~ trial type, difficulty, Dx; v ~ trial type, difficulty, Dx; τ ~ trial type, difficulty, Dx; z;

Model 2: a ~ trial type, difficulty, gender; v ~ trial type, difficulty, gender; τ ~ trial type, difficulty, gender; z;

Model 3: a ~ trial type, difficulty, Dx, gender; v ~ trial type, difficulty, Dx, gender; τ ~ trial type, difficulty, Dx, gender; z;

Next, in Models 4–6, we included age and IQ as covariates, since they have been previously to affect the decision threshold and the drift rate and excluding them could potentially confound our results (12, 16). We did not include age, IQ, and other variables as covariate for τ in Models 4–8 since we did not have a priori hypothesis and to avoid overfitting the model.

Model 4: a ~ trial type, choice difficulty, Dx, gender, age; v ~ trial type, choice difficulty, Dx, gender, age; τ ~ trial type, choice difficulty, Dx, gender; z;

Model 5: a ~ trial type, choice difficulty, Dx, gender, IQ; v ~ trial type, choice difficulty, Dx, gender, IQ; τ ~ trial type, choice difficulty, Dx, gender; z;

Model 6: a ~ trial type, choice difficulty, Dx, gender, age, IQ; v ~ trial type, choice difficulty, Dx, gender, age, IQ; τ ~ trial type, choice difficulty, Dx, gender; z.

In Model 7, we examined whether including severity of depression as covariate changes our estimates of effects of OCD diagnosis and gender on the decision threshold and the drift rate. Several prior studies reported that depression may affect a process of evidence accumulation, specifically, by making the decision thresholds wider (59, 60). Since individuals with OCD tend to report more of depressive symptoms than healthy individuals, not including severity of depression may potentially confound estimates of the effect of OCD diagnosis.

Model 7: a ~ trial type, choice difficulty, Dx, gender, age, IQ, BDI; v ~ trial type, choice difficulty, Dx, gender, age, IQ, BDI; τ ~ trial type, choice difficulty, Dx, gender; z.

Finally, in Model 8, we examined whether including self-reported impulsivity [measured by Barat Impulsivity Scale, BIS-11 (61)], as covariate changes our estimates of effects of OCD diagnosis and gender on the decision threshold and the drift rate. Note that impulsivity is a complex, multifaceted concept, and BIS-11 and decision threshold are likely to quantify different components of impulsivity (62). Still, not including a measure of impulsivity may confound estimates of the effect of OCD diagnosis on DDM parameters.

Model 8: a ~ trial type, choice difficulty, Dx, gender, age, IQ, BIS; v ~ trial type, choice difficulty, Dx, gender; τ ~ trial type, choice difficulty, Dx, gender; z.

Selection of the final model was based on deviance information criteria [DIC (63)] and on the comparison of posterior predictive probability density plots with the data-based normalized RT distribution for each condition.





RESULTS


Clinical and Demographic Characteristics

Data from 58 participants, HC males (N = 16), HC females (N = 15), OCD males (N = 11), and OCD females (N = 16), are reported here. The four groups did not differ in age (p = 0.67), education (p = 0.6), or income (p = 0.5, see Table 1 and Supplementary Table 1), which suggests that our efforts to match four groups of interest on socio-demographic characteristics was largely successful. However, OCD participants scored on average ~7 point lower than healthy participants on IQ (p = 0.03).

Three participants did not complete clinical self-report scales (1 healthy male, 1 healthy female, and 1 male with OCD). Analysis of the data from the remaining fifty-five participants revealed that, consistent with clinical diagnoses, individuals with OCD scored higher than healthy individuals on OCD symptom severity scales and on depression (see Table 1, Supplementary Table 1). Four groups of interest did not differ significantly on BIS-11, even though males with OCD reported qualitatively lower scores than females with OCD (see Supplementary Table 1). Severity of OCD symptoms was somewhat greater in females with OCD than in males with OCD, though the effect was modest and significant only for one of three measures (OCI-R and not for YBOCS or DOCS, see Table 1); severity of comorbid depression did not differ between genders. Different symptom dimensions, as measured by OCI-R, were all similarly slightly elevated in females (see Supplementary Table 1).

Note that the OCI-R and DOCS scores for males with OCD are relatively low for an OCD sample, even though Y-BOCS scores for this group were at the expected level (recall that all OCD participants were required to have Y-BOCS ≥ 16). It is possible that our males with OCD participants somewhat underreported their symptoms when completed self-report scales. But examining this possibility is beyond the scope of this study.



Descriptive Statistics of Behavioral Data

Mean RT across decision contexts was distributed normally in our sample [Kolmogorov-Smirnov statistics (58) = 0.087, p = 0.20], but mean accuracy was not [Kolmogorov-Smirnov statistics (58) = 0.147, p =0.003]. Thus, RT was analyzed using t-test and 2 × 2 ANOVA, while accuracy was analyzed using non-parametric one-sample Wilcoxon signed-rank test and nonparametric 2 × 2 ANOVA (see Methods).

As expected, in both PDM and VDM trials, it took longer for participants to choose between images with close ratings (more difficult choices) than between images with more widely separated ratings (easier choices). For PDM trials, mean RT increase was 50.0% ± 32 SD [t (57) = 11.87, p < 0.001], and for VDM trials it was 27.6% ± 22 SD [t (57) = 9.52, p < 0.001]. VDM trials on average had higher RT than PDM trials [mean RT increase: 8.27% ± 21 SD, t (57) = 2.98, p = 0.004]. The main effect of diagnosis on this difference was not significant [HC: mean ΔRT = 11.7% ± 3.8%, OCD: mean ΔRT = 3.5% ± 4.1%, F(1, 54) =1.16 p = 0.48]; neither was the gender x diagnosis interaction, even though this change was qualitatively lower in males with OCD [HC male: mean ΔRT = 15.6% ± 21 SD; HC female: mean ΔRT = 7.8% ± 22 SD; OCD male: mean ΔRT = −0.2% ± 22 SD; OCD female: mean ΔRT = 7.2% ± 19 SD, F(1, 54) = 1.84 p = 0.18].

Also, as expected, in PDM, accuracy was lower during difficult choices than it was during easy choices; the median accuracy decrease was 8.2% ± 7.9 SD [z (58) = 154, p = 0.001]. Accuracy for VDM trials has not significantly changed with trial difficulty significantly across types of trials; during difficult trials it was lower by 10% ± 8.9 SD [z (57) = 0.086, p = 0.20]. Accuracy was higher on PDM trial than on VDM trials; the median accuracy increase was 2.0% ± 14 SD [z (58) = 197, p < 0.001].

The main effect of OCD diagnosis on RT was not significant [F(1, 54) = 0.41 p = 0.64]. However, the gender x diagnosis interaction was significant [F(1, 54) = 4.41 p = 0.04]. Males with OCD took longer to make decisions and healthy males were faster than other groups [HC male: mean RT = 1.20 ± 0.08 sec; HC female: mean RT = 1.41 ± 0.07 sec; OCD male: mean RT = 1.56 ± 0.16 sec; OCD female: mean RT = 1.33 ± 0.11 sec, see Figures 2C,D]. This suggests that the effect of OCD on decision making during perceptual and value-based choice is not homogeneous across diagnostic and gender groups.

Further examination revealed that in healthy males and females, and in females with OCD, RT significantly changed from VDM to PDM (p = 0.02) and from easy to difficult choices (p < 0.001).

Three measures of accuracy in VDM (based on Rate I, Rate II, and the average of Rate I and Rate II) strongly correlated (from r Rate I vs. Rate II = 0.91 p < 0.001 to r Rate I vs. mean Rate I,II = 0.97 p < 0.001). Accuracy on VDM trials on average was lower relative to PDM trials [estimated mean Accuracy decrease was between 2% ± 10 SD (based on Rate II) and 10% ± 9 SD (based on Rate I), z (57) <299, p corrected <0.01]. Neither the main effect of diagnosis [F(1, 55) <1.02 p > 0.31] nor the gender x diagnosis interaction were significant [F(1, 55) <1.49 p > 0.22], see Figure 2E.



Computational Modeling
 
Model Selection

First, we examine which measure of accuracy of choices [based on Rate I, Rate II, or mean (Rate I, Rate II)] provided the best fit to the data. In this analysis we employed Model 0 (see Methods). Using accuracy based on Rate II significantly improved model evidence compared to the other 2 models [DICRateI = 43,433, DICRateII = 41,092, DICmean (RateI, RateII) = 41,920]; thus, in all subsequent analyses we used Rate II measures to determine accuracy in VDM trials.

Next, we computed DIC and examined posterior predictive probability density plots check (PPC) on Models 1–3 (see Methods). PPC revealed a good fit for all three models (see Supplementary Materials 2). Model 3, which includes both OCD and gender as between-subject factors, demonstrated similar fit (DICDx = 41,090, DICGender = 41,090, DICDx x Gender = 41,090). However, distributions of reaction time differed across diagnostic and gender groups (see Figure 2), and, consequently, the PPC favored Model 3.

Next, we examined the effect of including covariates on both model fit and parameter estimates.

Including both age and IQ as covariates did not further improve DIC (Model 4: DICDx x Gender, age = 42,056, Model 5: DICDx x Gender, IQ = 42,050, Model 6: DICDx x Gender, age, IQ = 42,049). In Model 4, age correlated negatively with the drift rate (95% CI: −0.12, −0.0045) but not with the threshold (95% CI: −0.054, 0.081); in Model 5, IQ correlated positively with the threshold (95% CI: 0.12, 0.25) and the drift rate (95% CI: 0.084, 0.20). In Model 6, only correlations of IQ with DDM parameters remained significant, indicating that IQ influences these parameters more strongly than age. OCD patients had ~7 points lower mean IQ; thus, controlling for IQ is important in our analyses. Age was qualitative (but not significantly) lower in healthy females and higher in males with OCD; thus the choice was made to keep age as a covariate in the model. Effects of OCD and Gender on parameters of interest were qualitatively similar in Models 4–6.

A subset of our study participants (N = 55) completed self-reported measures of severity of depression (BDI-II) and impulsivity (BIS-11). In this subset of subjects, Model 6 (DICDx x Gender, age, IQ = 37,293) performed better than Model 7 (DICDx x Gender, age, IQ, BDI = 38,213); BDI-II did not correlate significantly with DDM parameters (decision threshold 95% CI: −0.022, 0.13; drift rate 95% CI: −0.071, 0.067). Including BIS also did not improved DIC as compared to Model 6 (Model 8: DICDx x Gender, age, IQ, BIS = 38,211); BIS did not correlate significantly with the decision threshold (95% CI: −0.059, 0.12). Effects of OCD and Gender on parameters of interest in Models 7&8 were qualitatively similar to those seen in Models 6. Thus, Model 6 was selected as optimal for detailed analysis.



Effect of Diagnosis on Evidence Accumulation

Healthy males in our sample were more effective in processing of perceptual information than healthy females (i.e., had higher drifts rates) during easy choices [posterior p (vHC, male > vHC, female) > 0.95] and during difficult choices [posterior p (vHC, male > vHC, female) > 0.90]; they also collected less information prior to making a choice during difficult perceptual decisions [i.e., had lower decision thresholds, posterior p (aHC, female > aHC, male) > 0.90], implying a trend toward higher reflection impulsivity [i.e., reduced amount of information gathered before taking a decision (64)] in healthy males in our sample.

OCD diagnosis affected both decision threshold and drift rate in males, but not in females (Figure 3). Specifically, in males with OCD the decision threshold was higher than in healthy males (see Figures 3A,C), indicating a more cautious decision style; this effect reached significance during perceptual decisions, both easy [posterior p (aOCD, male > aHC, male) > 0.95] and difficult [posterior p (aOCD, male > aHC, male) > 0.95]. We did not observe this effect in females. Also, in males with OCD, the drift rate was reduced as compared to healthy males [posterior p (vHC, male > vocd, male) > 0.99, Figures 3B,D]. During perceptual choices (both easy and difficult) and easy value-based choices, drift rate was significantly lower in males with OCD than in females with OCD, suggesting poorer quality of evidence accumulation. Increased decision thresholds and reduced drift rates have been previously reported in OCD by Banca, Vestergaard (17), using a different perceptual decision task. This previous study did not control for potential gender differences. Our results suggest that the reported effect is specific to males.


[image: Figure 3]
FIGURE 3. Effects of OCD diagnosis and gender on the process of evidence accumulation. (A) Posterior probability plots for decision threshold for each of four decision contexts across four groups of interests. (B) Posterior probability plots for the drift rates for each of four decision contexts across four groups of interests. (C) Mean plots for the decision thresholds for each of four decision contexts across four groups of interests. (D) Mean plots for the drift rates for each of four decision contexts across four groups of interests. Significance levels: **p = 0.05, ***p = 0.01.


In a follow-up analysis, we employed Model 1 to examine the effect of OCD diagnosis on DDM parameters without accounting for gender differences (Supplementary Materials 3). In this analysis, no significant effects of OCD diagnosis on decision threshold were detected. The drift rate was lower in OCD during easy choices [both perceptual and value-based; posterior p (vHC, male > vocd, male) > 0.99]. Note that this last result is consistent with result reported by Banca, Vestergaard (17). We also employed Model 2 and examined the effect of gender in the pooled sample of individuals with OCD and healthy individuals. No gender effects on the DDM parameters were detected. These comparisons emphasize the importance of accounting for Gender x Diagnosis interactions in such analyses.



Flexible Adjustment to the Task Demands

Finally, we examined how the study participants adjusted to task demands across experimental conditions (Figure 4).


[image: Figure 4]
FIGURE 4. Flexible adjustment to the task demands by diagnostic and gender groups. (A) Posterior probability plots of the decision threshold for each of four groups of interest across four decision contexts. (B) Posterior probability plots for the drift rates for each of four groups of interest across four decision contexts. (C) Mean plots for the decision thresholds for each of four groups of interest across four decision contexts. (D) Mean plots for the drift rates for each of four groups of interest across four decision contexts. Significance levels: *p = 0.10, **p = 0.05, ***p = 0.01.


Contrary to prior studies (25, 27), we found that during easy trials, healthy males and females and females with OCD accumulated less information during perceptual than during value-based decisions posterior p [HC males and HC females: posterior p (a value-based, easy > a perceptual, easy) > 0.99; OCD females: posterior p (a value-based, easy > a perceptual, easy) > 0.95]. Males with OCD accumulated the same amount of information during PDM and VDM trials. Note that, in contrast to past studies, we controlled for age and IQ of our participants, and we used exactly the same stimuli in PDM and VDM choices. We also observed a trend toward accumulation of more information during difficult perceptual choices compared to easy perceptual choices in males and females with OCD and in healthy males [posterior p (a perceptual, easy < a perceptual, difficult) > 0.90]; in healthy females this effect reached significance [posterior p (a perceptual, easy < a perceptual, difficult) > 0.95; see Figures 4A,C].

As expected, study participants were more efficient in processing evidence during easy choices (high drift rate, corresponding to high signal-to-noise ratio) than during difficult choices (low drift rate) during both perceptual and value-based choices [(posterior p (v easy > v difficult) > 0.99) Figures 4B,D]. This change in the drift rate in response to choice difficulty was reduced for males with OCD during VDM trials [posterior p (v easy > v difficult) > 0.95]. Consistent with prior studies (25, 27), healthy males were more efficient in processing evidence during easy perceptual trials than during easy value-based trials [posterior p (v perceptual, easy > v value-based, easy) > 0.95]. We did not observe this effect other participants groups (Figures 4B,D).

Overall, for males with OCD our analyses failed to detect significant changes in DDM parameters OCD across conditions (VDM vs. PDM, easy vs. difficult trials) more often than for other groups of interest. Decision thresholds remained at higher levels than for other groups across conditions; this difference was strongest during easy choices. Drift rates remained at lower levels in males with OCD than in other groups, across conditions; this difference was stronger in perceptual and in easy choices (Figure 4). This may indicate reduced behavioral flexibility in this group. This result is consistent to findings by Riesel, Kathmann (65), who reported that DDM parameters adjusted to experimental manipulations (instructions to prioritize either accuracy or speed) less in OCD than in healthy individuals; note, however, that they did not control for gender effects.





DISCUSSION

We introduce a novel decision task that allows characterization of the process of evidence accumulation across easy and difficult choices and across perceptual and value-based judgments. Importantly, the same neutral stimuli – grayscale images – were used across conditions, and task difficulty and “liking” of the stimuli was based on individual ratings and was balanced across subjects and conditions. This allows us to examine how the evidence accumulation process adjusts in response to task demands in healthy and clinical populations, while controlling for several potential confounds. Here, we demonstrate that the evidence accumulation process adjusts in response to task demands, and that this adjustment is altered in individuals with OCD – but not equally across genders. We find that males with OCD, but not females, accumulated more information (i.e., were more cautious) and were less effective in evidence accumulation than age- and IQ-matched healthy males. We also find that males with OCD, but not females, were less likely to adjust a process of evidence accumulation across decision contexts.

Sexual dimorphism in how OCD affects evidence accumulation is a novel finding but not entirely surprising. Individuals with a diagnosis of OCD are markedly heterogeneous (29–32). This heterogeneity is not well-understood; it complicates diagnosis and treatment selection. Gender differences in OCD-associated impairments in executive functions remain understudied (33–35). However, reviews of this literature have progressed over the decades from dismissing the possibility of gender effects in OCD (36) to acknowledging growing evidence for their importance (29, 35, 37, 38). For instance, females with OCD exhibit greater comorbidity with impulse-control disorders (38), which suggests gender differences in decision formation in OCD. Recent meta-analysis suggests that the proportion of females in samples of study participants may moderate estimates of some commonly reported neuropsychological impairments in OCD (45). However, laboratory studies of OCD, both behavioral and imaging, do not often examine whether gender modulates impairments in decision making in OCD; indeed, examining the effect of gender is often impossible in the small samples typically used in laboratory-based behavioral studies, due to limited statistical power. Hierarchical parameter estimation in drift diffusion models of choice improves power in estimation of both group-level tendencies and individual variation in latent cognitive processes as compared to non-hierarchical analyses of behavioral data (8, 10), and thus allows us to address gender differences in a sample of relatively modest size (N = 58).

We find that OCD affects evidence accumulation during choice, but only in males. First, males with OCD had higher decision thresholds than healthy males; this effect was stronger during perceptual judgments. We did not observe this effect of OCD in females. The decision threshold parameter can be interpreted as a measure of impulsivity during choice. Impulsivity is a complex trait and can be conceptualized and quantified in different ways. For instance, prior studies divided impulsivity into decisional and motor subtypes (62). They suggested that decisional impulsivity includes reflection impulsivity (the amount of information gathered before taking a decision, i.e., the decision thresholds) and delay discounting (a measure of the subjective discounting of a delayed reward). Motor impulsivity includes reduced motor response inhibition and premature or anticipatory responding (64). We find that reduced reflection impulsivity in OCD, which has been reported before (17), is specific to males; this result is potentially consistent with prior epidemiological finding that impulse-control disorders are seen less often in males than in females with OCD (38). Note that none of our study participants had impulse control disorder, so differential comorbidity cannot explain our results.

Second, males with OCD were less effective in processing of information than healthy males; this effect was also more pronounced during perceptual judgements and easy decisions. Moreover, while healthy males were more efficient in dealing with perceptual information than healthy females, males with OCD were less efficient than females with OCD. Prior studies employed the moving dots task to probe OCD-associated impairments in evidence accumulation during perceptual judgements (17, 66), however, they did not control for potential gender effects. These studies reported increased decision thresholds in OCD, especially under high uncertainty (i.e., during more difficult decisions) and reduced drift rate in OCD under low uncertainty (i.e., during easier decisions) (17). When we did not control for gender effects (Model #1) we also found reduced drift rate in OCD during easy choices; but other effects of OCD diagnosis were attenuated (reflecting omitted-variable bias). Prior studies of evidence accumulation in OCD suggested that both increased decision thresholds and decreased drift rates might contribute to the excessive doubt and indecisiveness that are commonly observed in OCD. Our results suggest that this effect might be gender specific.

Third, a process of evidence accumulation adjusted in response to experimental manipulations (perceptual vs. value-based and easy vs. difficult trials) in males with OCD less than it did in other groups of participants. A similar effect was previously reported for OCD by Riesel, Kathmann (65), who did not control for gender effects; it is consistent with the reduced cognitive and behavioral flexibility commonly observed in OCD. However, our results suggest that this effect might be gender specific as well. The ability to flexibly adjust how much information needs to be accumulated prior to making a choice in response to task demands has been linked to the functioning of the subthalamic nucleus [STN; (67)]. Thus, our findings suggest that the STN, and associated basal ganglia circuits, may be more (or differently) dysregulated in males than in females with OCD. Further studies are needed to test this hypothesis.

It is important to note that the moving dots task, the most commonly used task to probe evidence accumulation in OCD, requires participants to accumulate evidence in the presence of uncertainty. In contrast, the stimuli in the PVDM task are certain. Thus, it the two paradigms may probe different OCD-associated impairments. Future studies should examine how evidence accumulation in OCD adjusts across all three contexts: perceptual judgement under uncertainty (RDM) and perceptual and value-based judgment under certainty (PVDM).

Other tasks have been used to compare perceptual and value-based decision formation in the general population. For instance, in one design, during perceptual choice, participants were asked to judge the proportion of white and black marbles on the screen; during value-based choice, participants were asked to assign a positive value to white marbles and a negative value to black marbles, and choose between a gamble represented by the collection of the marbles on the screen and the reference 50–50 gamble (27). This design uses the same stimuli in both conditions, however, in the value-based condition it also introduces uncertainty (and individual risk attitudes) that is not present in a perceptual condition, complicating interpretation. Another design uses images of snacks as stimuli in both conditions (25). During perceptual judgments, participants are asked “how much (in percent) they thought the food item was covering the black background within the white square,” or “which of the presented food snacks covers more of the black background;” during value-based judgements, participants were asked to decide “how much they wanted to eat the presented food snack at the end of the experiment,” or “which of the presented food snack they wanted to eat at the end of the experiment.” After the experiment, subjects were required to stay in the room with the experimenter while eating the food item that they chose in a randomly selected trial from the value-based condition. This last component is an important part of the design since it generates incentives to provide accurate ratings. However, including such incentives in the study of clinical populations, such as OCD, may raise complications, as some subjects may have complicated attitudes toward food (e.g., contamination concerns, comorbid eating disorders) or toward eating in the presence of the experimenter. Neutral grayscale images as stimuli and incentives, which we employ here, are less likely to interact with symptomatology and thus may be more suitable for research in clinical populations. Using incentive-based designs is arguably an advantageous approach and is often used by experimental and behavioral economics. This approach generally improves participants' engagement and allows estimating behavior-based measures more accurately, since these measures are based on consequential choices (68). Whether incentives significantly affect choices in our design is an empirical question and beyond the scope of this study.

We call for future research to incorporate gender-balanced samples and account for potential gender effects in tests of how OCD may impact evidence accumulation across diverse decision contexts. We also suggest that future studies transdiagnostically investigate potential gender differences in evidence accumulation; it is possible that general distress in psychopathology affects evidence accumulation differently in males and females – that is, that the differences we observe are not specific to OCD. This possibility is consistent with results reported by Lighthall, Sakaki (69) that gender differences in decision formation were present in stressed participants but not controls, and that stress led to greater reward collection and faster decision speed in males but less reward collection and slower decision speed in females. It has been suggested that reduced efficiency of evidence accumulation can serve as a transdiagnostic marker of vulnerability to psychopathology (70). Our results suggest that this transdiagnostic marker could be gender dimorphic. Carefully designed laboratory studies that include participants across diagnostic groups that are well-powered and gender balanced may distinguish between diagnosis-specific and transdiagnostic effects (e.g., doubt, reduced efficiency in evidence accumulation), as well as effects of general distress on evidence accumulation and decision formation, and examine the possibility of gender dimorphism for all of them.

Our four samples (healthy females, healthy males, females with OCD and males with OCD) were well-matched on demographic characteristics that might contribute to differences in decision making, such as age, education, and income. Our OCD participants had somewhat lower IQ that healthy participants, on average. Since both prior research and our data indicates that IQ can affect both the decision threshold and the drift rate, this difference could potentially confound our results. To address this problem, we included both age and IQ as covariates in the computational model. Even if this remedy was not sufficient, the difference in IQ is unlikely to account for observed sex-dimorphic effects of OCD on the decision threshold. Our findings warrant future investigations in larger and better-balanced samples.

Similarly, the small difference in OCD severity between males and females with OCD in our sample might bias our results. But this, too, is unlikely to explain the presence of effects of OCD diagnosis on decision threshold and drift rates in males but not females, who had somewhat more severe OCD symptoms. OCD symptom dimensions were similarly represented between males and females, arguing against symptom type as an explanation for the observed gender differences.

Overall, our findings contribute to a sparse literature on gender-related heterogeneity in obsessive-compulsive disorder. Clinicians should be mindful of the possibility of gender-specific impairments in OCD, and researchers should power future studies adequately to rigorously assess gender effects both in diagnosis specific and transdiagnostic investigations.
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Electroencephalography (EEG) measures the brain's electrical activity with high temporal resolution. In comparison to neuroimaging modalities such as MRI or PET, EEG is relatively cheap, non-invasive, portable, and simple to administer, making it an attractive tool for clinical deployment. Despite this, studies utilizing EEG to investigate obsessive-compulsive disorder (OCD) are relatively sparse. This contrasts with a robust literature using other brain imaging methodologies. The present review examines studies that have used EEG to examine predictors and correlates of response in OCD and draws tentative conclusions that may guide much needed future work. Key findings include a limited literature base; few studies have attempted to predict clinical change from EEG signals, and they are confounded by the effects of both pharmacotherapy and psychotherapy. The most robust literature, consisting of several studies, has examined event-related potentials, including the P300, which several studies have reported to be abnormal at baseline in OCD and to normalize with treatment; but even here the literature is quite heterogeneous, and more work is needed. With more robust research, we suggest that the relatively low cost and convenience of EEG, especially in comparison to fMRI and PET, make it well-suited to the development of feasible personalized treatment algorithms.
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Obsessive-compulsive disorder (OCD) is defined by clinically significant obsessions and/or compulsions. Obsessions are unwanted, intrusive thoughts that cause distress and are unrealistic or excessive. Compulsions are repetitive behaviors that neutralize anxiety or distress caused by obsessions (1). Estimates of lifetime prevalence range from 1 to 4% of adults; the attendant disability is substantial (2–5). Unfortunately, precision medicine—establishing who may benefit most from existing treatments—remains a distant goal. Efforts in this direction have begun to incorporate neuroscientific methodologies, including electroencephalography (EEG). The present review seeks to summarize the limited body of literature focused on the EEG correlates and predictors of treatment response in OCD.

Diagnosis and assessment of OCD depend on clinical interviews and rating scales that quantify symptoms and identify functional impairments (6), such as the Yale-Brown Obsessive-Compulsive Scale (YBOCS) (7). It would be useful to complement, validate, and refine this descriptive clinical nosology with objective biomarkers (8). As such, the search for biological correlates has been a major thrust of research since the 1980s. Toward this end, early PET and fMRI studies identified hypermetabolism in cortico-striatal-thalamo-cortical circuitry, particularly in the orbito-frontal cortex, anterior cingulate cortex, and caudate nucleus (9). Large structural neuroimaging studies have described various abnormalities in OCD patients, including increased globus pallidus volume, reduced cortical thickness in the inferior parietal cortex, and lower surface area of the transverse temporal cortex (10). However, small effect sizes of these functional and anatomical abnormalities prevent clinically actionable practices, and even if more robust findings were identified, these imaging and analytic methodologies are impractical in most clinical settings.

First-line treatment for OCD [e.g., (11)] includes exposure-based cognitive-behavioral therapy (CBT), an intervention that assists clients to approach fear-inducing stimuli and build new neural connections that inhibit fear (6, 12). If after receiving CBT for a reasonable duration (12–16 sessions) a patient does not experience adequate symptom alleviation, therapy can be augmented or replaced by a pharmacological intervention, typically a selective serotonin reuptake inhibitor (SSRI) (11). Meta-analyses demonstrate benefits with large effect sizes for both treatment modalities (13, 14).

Many individuals with OCD do not respond to existing treatments, so numerous studies over the past decade have sought to characterize the neural changes that predict or accompany symptom improvement during treatment. Importantly, treatment predictors and correlates may be distinct. Correlation indicates that two variables—like a measure of brain function and a measure of symptom improvement—are associated; these relationships can be established retrospectively and do not satisfy claims of causation. In contrast, prediction suggests that a variable, such as a pre-treatment measure of brain activity, can anticipate the subsequent value of another, such as treatment response. The study designs and statistical analyses required to develop predictive claims are distinct from those required to establish correlation (15, 16).

Positron emission tomography (PET) imaging of brain perfusion and metabolic activity has been used to examine treatment correlates since the 1990s. One meta-analysis compiled 14 studies that treated patients with pharmacotherapy (SSRI or clomipramine) or CBT and measured cerebral blood flow or glucose metabolism (17). Across these studies, metabolic activity in the caudate, orbitofrontal cortex, and thalamus declined by the end of treatment, though average effect sizes were small. Recent studies using fMRI have built upon this research, filling important gaps in the literature by employing predictive frameworks. For example, in a randomized treatment trial, researchers found that baseline activation in the right temporal lobes and rostral anterior cingulate cortex during cognitive control, and in ventromedial prefrontal, orbitofrontal, lateral prefrontal cortex, and amygdala during reward processing, were associated with better CBT response (18).

By contrast to the substantial PET and fMRI literature, few studies have used electroencephalography (EEG) to characterize OCD treatment predictors and correlates. This is unfortunate, as EEG has both practical and scientific strengths. EEG is cheaper and easier to acquire than PET and fMRI and is therefore more easily deployed in clinical practice. EEG non-invasively measures electric fields generated by neural activity using scalp electrodes with high temporal resolution (19). As such, EEG is sensitive to neural synchronization and periodicity at time-scales commensurate with real-world perceptual and cognitive processing. These oscillatory signals can be quantified in different frequency bands, typically labeled by increasing frequency: delta (0.5–3 Hz), theta (4–7 Hz), alpha (8–12 Hz), beta (13–29 Hz), and gamma (30–100 Hz). EEG's temporal resolution is excellent, measured in milliseconds—compared to seconds in fMRI studies (20, 21). Despite its poor spatial resolution relative to fMRI and PET—especially for structures deep in the brain—aberrant EEG patterns have contributed to an understanding of numerous neuropsychiatric disorders, including panic disorder, post-traumatic stress disorder, autism, and anxiety disorders (22). In OCD, a recent systematic review described frontal asymmetries in alpha and theta bands, increased error related negativity, and perturbed REM sleep (23).

We provide a brief narrative review of the small EEG literature applied to the study of predictors and correlates of OCD treatment outcomes. Articles were located through PubMed, ProQuest, and Google Scholar and spanned all years. Included studies were treatment studies that included EEG predictors and/or correlates for OCD symptomatology. Developmentally focused studies including pediatric populations were excluded. As more work is needed in this area, we conclude with future research directions. If robust EEG predictors of treatment response can be identified, this approach may make it a valuable tool for biomarker-guided treatment selection and a move toward a precision medicine approach in the treatment of OCD.


ERROR-RELATED POTENTIALS

OCD is characterized by excessive doubt, worry, and intolerance of uncertainty (24), which are reflected by abnormalities in error monitoring and response inhibition (25). When subjects make an error, correlates are observed in a fronto-central event-related potential (ERP), a time-locked pattern of brain activity (26). One ERP component that may differentiate symptom severity and treatment response in OCD is error-related negativity (ERN).

ERNs are observed following behavioral errors or failures of response inhibition, typically during go/no go or flanker tasks (27). The ERN is a negative ERP component that peaks 80–150 ms after the beginning of an erroneous response (28). The CRN is the corresponding response, typically of lower amplitude, after a correct response (29). These can emerge regardless of whether the participant is consciously aware of their error, suggesting that they are capturing subconscious or preconscious processes.

Riesel et al. (30) examined the ERN and CRN using the common Flanker Task (31). In this task, participants are shown stimuli with patterns that are congruent (a row of arrows pointing in the same direction), incongruent (a row of arrows, all but one pointing in the same direction), or neutral (one arrow presented). Participants must then rapidly indicate which they see. Incongruent trials are more difficult and often lead to errors. Pre-treatment, participants with OCD showed larger amplitudes in the ERN and CRN compared to healthy controls. These larger amplitudes persisted following psychotherapy despite symptom improvement. The researchers concluded that ERN abnormalities may represent an OCD-associated trait rather than a state-dependent correlate of symptomatology.

In a double-blinded study with 41 OCD patients, Carmi et al. (32) randomly assigned patients to high-frequency (20-hz), low-frequency (1-hz), or sham deep transcranial magnetic stimulation. The researchers examined the theta band at the Cz electrode during a Stroop task and found treatment-related reductions in ERN following treatment. Replication is needed, but this suggests that flanker and Stroop error-related activity differ, and that the latter may change with treatment.



COGNITIVE-RELATED POTENTIALS

Another relevant ERP component is the P300: a positive voltage waveform observed ~300 ms after a low-probability (oddball) target or novel stimulus. It is a correlate of attention allocation and working memory while one is processing new or salient information [reviewed in (33, 34)]. The P300 is thought to arise from a widely distributed brain network including the bilateral medial frontal gyrus, the supramarginal gyri, the anterior cingulate cortex, and the orbitofrontal cortex (35, 36). These regions overlap with those associated with OCD pathophysiology (37, 38).

The P300 is commonly elicited using an auditory oddball paradigm (39). In this task, repetitive sounds are infrequently interrupted by a variant sound to which the participant must respond. Studies employing this paradigm before and after OCD treatment have found that P300 amplitude and frequency differ at baseline in patients relative to controls, but that only the amplitude may show changes post treatment. At baseline subjects with untreated OCD showed reduced P300 amplitudes and longer latencies relative to healthy controls (40). Given that EEG signals are elicited from summated neural activity, a lower P300 amplitude coupled with a longer latency (response delay) may indicate that while neurons are still firing, they are less synchronized in OCD patients. Following SSRI treatment, P300 normalized, but latency did not change. Higher P300 amplitudes were correlated with reductions in the YBOCS. The dissociation of P300 amplitude and latency suggests that they reflect distinct processes. Similar results have been reported 1-year post psychotherapy and pharmacology trial: Post-treatment assessment showed increased P300 amplitude, closer to that seen in controls (41). This increase strongly correlated with reductions on the YBOCS, with no change in P300 latency.

These reports contrast with several studies that have not found reduced baseline P300 in OCD (42, 43). Indeed, in one treatment study, individuals with OCD had increased P300 amplitude at baseline compared to healthy controls (35). Following semi-standardized psychotherapy and psychopharmacological treatment (sertraline; 50–150 mg), P300 amplitude in the oddball paradigm declined. No changes in latency were observed. P300 amplitude at baseline in OCD may vary depending on technical factors or on the specific population studied but normalize with treatment. Thus, more work is needed to characterize the relationship of the P300 to OCD treatment response.



OSCILLATORY MARKERS

EEG power in specific frequency bands may be useful as a correlate of treatment response. A single study by Figee et al. (44) reported EEG oscillations after symptom provocation were strongly associated with therapeutic deep brain stimulation (DBS). In this study, 16 participants with OCD underwent nucleus accumbens-frontal network targeted DBS and showed stable clinical improvements for at least 1 year (44). DBS attenuated an increase in low-frequency activity seen after presentation of symptom-provoking stimuli. These EEG findings were complemented by a simultaneous fMRI analysis, highlighting the strength of a multi-modal imaging approach. Such multimodal investigations, combining EEG with fMRI, or other forms of imaging, are sparse in the OCD literature.



EEG COMPLEXITY

The literature examining EEG correlates and predictors of OCD treatment outcome has predominantly focused on ERPs or individual oscillations (45). However, EEG signals comprise complex nonlinear interactions across space, time, and frequency bands; examining individual waveforms or locations misses much of this complexity. Newer analytic techniques that consider these nonlinear dynamics have recently been developed and applied in studies of schizophrenia, psychosis, Alzheimer's, seizure, and more recently, OCD (46, 47).

One complexity measure is approximate entropy (ApEn). ApEn is the quantification of how unpredictable a pattern of fluctuations is in a time series (48, 49). A high ApEn value indicates a more random system; a low value indicates a system with more predictable patterns. In one study, Altuglu et al. recruited 57 OCD patients with average YBOCS scores in their mid-20s, half of whom were treatment-resistant and half of whom were treatment-responsive. Treatment resistance was defined stringently (failure to improve on the YBOCS after an adequate trial of SSRIs and CBT). ApEn was examined across frequency bands in treatment-resistant and treatment-responsive patients. The authors found that ApEn complexity values extracted from the beta band specifically discriminated best between groups: There was lower complexity in the treatment-resistant group across the whole brain. There was a statistically significant inverse correlation (r = −0.21 to r = −0.33) between beta band complexity and YBOCS scores across frontal, parietal, and occipital channels.

Another study examined whether complexity of EEG-arousal regulation at rest could predict treatment response (50). Participants underwent a 15-min resting-state EEG and were then randomized to 3–6 months of psychotherapy, pharmacology, or a combination. A repeat EEG session was conducted following treatment. When comparing treatment responders to non-responders, responders had less complex neural patterns at baseline and spent significantly less time at the highest CNS arousal stage. This finding was particularly pronounced in those who had undergone the combination intervention.



SOURCE LOCALIZATION IN EEG STUDIES OF OCD TREATMENT

A notable limitation of EEG has been the difficulty of identifying where in the brain the measured oscillatory signals arise. Although all EEG outputs are measured at the scalp in two dimensions, they are generated in the underlying three-dimensional brain. It is difficult to determine where in the brain the observed electrophysiological activity originates (51). EEG's poor spatial resolution is attributable to several factors, including head and/or scalp modeling errors, as well as EEG noise that can limit source localization calculation accuracy (52). Recently, a mathematical strategy to address this limitation has emerged: Low-Resolution Brain Electromagnetic Tomography (LORETA); see (53, 54). LORETA uses signals measured at surface electrodes to infer the distribution of current source density through the full brain volume (55). Importantly, LORETA has relatively low spatial resolution—typically, the brain is segmented into 2,394 voxels. This contrasts to the higher resolution—tens of thousands of voxels—of modern MRI imaging. Thus, LORETA's source localization is not as reliable a model of regional brain activity as fMRI, and its use has been controversial in some fields. Nevertheless, LORETA has recently been applied to several DSM-5 diagnostic categories, including OCD.

Using resting-state EEG, Krause et al. (56) used LORETA in a prospective design to characterize treatment response in OCD patients undergoing 10 weeks of concurrent psychotherapy and pharmacotherapy. Participants were categorized as treatment responders or non-responders based on reported YBOCS symptom reduction. At baseline, responders had significantly lower power in the beta 1 (12.5–18 Hz), beta 2 (18.5–21.0 Hz), and beta 3 (21.5–30.0 Hz) bands, as well as reduced activity in alpha 2 (10.5–12.0 Hz), localized to the anterior cingulate cortex. At follow-up, when compared to baseline, responders showed lower resting-state activity in beta 1 and 3 bands, as well as the alpha 2 band localized in the orbito-frontal cortex. The opposite pattern was seen in non-responders, reinforcing this association. In another study examining resting-state EEG before and after pharmacological treatment, lower pre-treatment activity in the beta band within the rostral anterior cingulate and medial frontal gyrus was associated with greater therapeutic response (2). Together, these studies suggest that beta power in the anterior cingulate is a candidate predictor of treatment response in OCD. However, the literature is sparse, and more work is needed.



DISCUSSION

We provided a brief narrative summary of studies examining EEG in relation to treatment outcome in OCD. The included studies are summarized in Table 1.


Table 1. Study summary.
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The most striking conclusion from this brief review is how limited this literature is. Given the convenience and cost of EEG relative to MRI or PET imaging—and the consequent feasibility of deploying EEG measures at scale in clinical settings—such investigations merit closer attention.

An asymmetry uncovered by this review was between studies employing predictive vs. correlational methods. Few studies have attempted to truly predict behavior from EEG features (41, 50, 56), instead reporting descriptive associations between EEG features and clinical change. While this problem is not unique to the EEG literature (15), it is imperative for researchers to distinguish between studies that make causal or predictive claims vs. those that report correlations with symptom change. Larger, prospectively designed and cross validated studies are critical to better conceptualize the relationships between EEG measurements and OCD-related outcome variables (16).

Despite the thinness of this literature, there are clearly several avenues for future research. Notably, ERPs remain underexplored. The directionality, uniformity, and magnitude of change following treatment interventions remains unclear for the P300 and ERN/CRN. These discrepancies may be attributable to small sample sizes or differences in participant characteristics (e.g., severity, medication status, treatment type). For example, Yamamuro et al. (41), in a small sample (N = 14), found lower P300 amplitude at Cz and C4 at baseline in OCD; but this has not been consistently corroborated by other studies. Sanz et al. (40) also found lower P300 amplitude at baseline but found this at the Pz, not the Cz, and C4. Both studies found a statistically significant decrease in the P300 following pharmacotherapy and/or psychotherapy. This suggests that change in the P300 may be associated with symptom improvement with treatment, but research is needed to clarify these effects.

Another important variable in these studies is treatment type. Although most studies in this review combined pharmacotherapy and psychotherapy, their individual impact on brain function and their differential benefit to certain subsets of patients remains unknown. Sanz et al. (40) emphasize the role of the serotonergic system's influence on OCD pathophysiology, and by implication on EEG abnormalities associated with the condition, but their data cannot directly establish this. No studies to date have used EEG to examine the effects of CBT in unmedicated OCD or to systematically compared CBT to pharmacotherapy. Recent fMRI literature suggests that functional connectivity between large-scale brain networks changes following CBT (58); it will be fruitful to use EEG measures, which probe different aspects of brain network organization than fMRI, to address similar questions in homogenous patient samples.

Recent advances in EEG data processing are allowing for more complex and efficient analyses and better source localization. For example, Dohrmann et al. (50) used arousal regulation and CNS wakefulness stages to predict OCD treatment response. Fontenelle et al. (57) localized lower beta band activity in OCD to the rostral anterior cingulate and medial frontal gyrus, while Krause et al. (56) found differential beta band effects in treatment responders compared to nonresponders. These analytic approaches have the potential to provide a clearer picture of brain correlates of treatment reponse in OCD at the level of regions, networks, and frequency patterns.



CONCLUSION

PET and fMRI have several advantages, including their ability to identify areas of interest with high spatial resolution (9). Although EEG has lower spatial resolution, it measures qualitatively different characteristics of brain function, including oscillatory organization, and has a temporal resolution measured in milliseconds (20). Further, EEG may have more practical potential for widespread clinical deployment. As such, identifying actionable associations with treatment outcome is critical. Recent advances, such as techniques for band-specific source localization will only increase the potential of EEG analyses in the coming years. Overall, the literature examining associations between EEG measures of brain organization and OCD treatment outcomes is sparse, and more research is needed.
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Introduction: Studies have shown that patients with obsessive compulsive disorder (OCD) often perform more poorly than healthy control (HC) participants on cognitive tasks involving executive functions. Most studies, however, have been performed in Western countries and societies, making it uncertain whether impaired executive functions can also be observed among non-Western patients with OCD. To address this gap in the literature, we evaluated several executive functions in Chinese patients with OCD and HCs.

Methods: Participants included consisted of 46 Chinese patients with OCD (25 men, 21 women), ranging in age from 19 to 56 years, and 45 matched HCs without any self-reported lifetime psychiatric disorder. They all lived in Shanghai or the surrounding area. Five tests of the Cambridge Neuropsychological Test Automated Battery (CANTAB) were used to evaluate several executive functions (response inhibition, spatial working memory, planning, and cognitive flexibility) along with testing basic learning and visual recognition memory. Statistical tests using a Bonferroni-corrected significance level of p = 0.003 were performed to assess overall patient-control group differences in cognitive performance. Additionally, we explored performance differences between patients classified as having either relatively mild symptoms or severe symptoms based on the individual total scores on the Yale-Brown Obsessive-Compulsive Scale.

Results: There were no significant performance differences between patients with OCD and HC in any of the cognitive tests. Similarly, cognitive performance of patients with relatively mild OCD symptoms did not differ significantly from that of patients with severe symptoms.

Conclusions: These results do not seem to support the view that impaired executive functioning represents a basic cognitive and pathophysiological feature of Chinese patients with OCD. However, due to study limitations, additional research is required before this conclusion can be well accepted.

Keywords: obsessive-compulsive disorder, cognitive functions, CANTAB, executive function, yale-brown obsessive compulsive scale


INTRODUCTION

Obsessive-compulsive disorder (OCD) is a psychiatric disorder characterized by recurrent obsessions and/or compulsions. Obsessions consist of intrusive repetitive thoughts, images, or impulses. Compulsions are purposeful, repetitive overt or covert behaviors or rituals that are performed by afflicted persons in an effort to relieve anxiety and distress (1). OCD has a lifetime prevalence of 1–3% and is equally common among women and men (2). Patients with OCD often experience a lower quality of life and impaired social and occupational functioning (3, 4).

Studies have shown that patients with OCD typically perform more poorly than matched healthy control participants (HCs) on neuropsychological tests involving high-level cognitive or ‘executive' functions, including planning, working memory, cognitive flexibility, and inhibitory motor control (5–7). These results have led to the hypothesis that impaired executive functioning (EF), including hyper excitability of the orbital frontal cortex and its functional connections, is a core cognitive and pathophysiological feature of OCD (8, 9). Indeed, the current dominant view on the neuropathology of OCD focuses on abnormalities in prefrontal-striatal circuits implicated in EF (10). EF refers to various general-purpose cognitive-control abilities, mainly supported by the prefrontal cortex (PFC), that allow individuals to regulate their thoughts and behaviors (11). EF deficits thus have important consequences for daily-life functioning and may be major contributors to the lack of cognitive flexibility and the perseverative, repetitive behaviors that are cardinal symptoms of OCD (12). Unfortunately, cognitive studies of patients with OCD have not always yielded consistent findings (12, 13). This makes it difficult to arrive at a clear picture of the cognitive functions that are impaired and those functions that are not impaired in patients with OCD. Gaining such understanding could help clinicians to target psychological interventions for OCD according to the integrity of the patients' cognitive functioning.

Meta-analytical reviews of the literature have identified various factors that probably contributed to the mixed findings of studies examining cognitive functioning in adult patients with OCD (12–14),One important factor is the type of cognitive task used to assess the patients' cognitive functioning, which varied greatly between studies (13). Another potentially important source of between-study variability in results is the size and nature of the patient sample examined, including clinical characteristics (e.g., symptom severity, medication status, presence of psychiatric comorbidities) and demographics (e.g., age, sex, intelligence). In this context, it should also be noted that the currently available data concerning cognitive function in OCD primarily come from Western countries and cultures, which raises the question whether the study results can be generalized to non-Western patient populations.

Against this background, the present study was designed to assess cognitive functioning in Chinese patients with OCD and HCs. Based on previous neuropsychological and neuroimaging studies of patients with OCD (8), we focused on several cognitive functions within the broad domain of executive functioning, particularly response inhibition, spatial working memory, planning, and cognitive flexibility. The study objective was twofold: (1) to evaluate several executive functions in Chinese patients with OCD and HCs along with testing their basic learning and memory, and (2) to evaluate differences in executive functions between patients classified as having either relatively mild or severe OCD symptoms. Our main hypothesis was that the patients with OCD, especially those with severe symptoms, would be characterized by impaired executive functions. To assess participants' cognitive functioning, we used several tests of the Cambridge Neuropsychological Test Automated Battery (CANTAB), which is a widely used, validated, and standardized neurocognitive test battery (15). The CANTAB is non-verbal in nature, non-sensitive to gender, and principally culture-free (16), which makes this instrument well-suited for the purpose of the present study.



MATERIALS AND METHODS


Participants

Forty-seven patients with OCD (diagnosed by an expert psychiatrist using clinical interview and WHO ICD-10 criteria) were recruited from the Department of Functional Neurosurgery of Ruijin Hospital and the Department of Psychological Medicine of Zhongshan Hospital over a 29-month period (Jun 30, 2018–Nov 25, 2020). Forty-seven HCs were recruited from the community by means of local advertisements. Patients and HCs all lived in Shanghai or the surrounding area. For both patients and HCs, we only included participants ranging in age from 18 to 65 years. Exclusion criteria for patients were as follows: suspected or diagnosed intellectual disability and presence of lifetime neurologic disease/brain trauma, hypothyroidism/hyperthyroidism, or any other clinical conditions that may influence the validity of neuropsychological assessment. Additionally, patients were included only if diagnosed with OCD while having no comorbid psychotic disorder (e.g., schizophrenia) and no major physical comorbidities. The presence of a comorbid anxiety or mood disorder did not constitute an exclusion criterion. One patient was found to have comorbid schizophrenia and was excluded from the study. HCs were included only if they reported to have no lifetime history of psychiatric disorders. They were further screened for symptoms of depression, using the Beck Depression Inventory (BDI), and those with a BDI score of more than 19 were excluded (two participants). Thus, 46 patients with OCD and 45 HCs were included in this study. Figure 1 illustrates the exclusion, inclusion, and classification of study participants. The study was performed in accordance with the Declaration of Helsinki and approved by the ethics committees of Ruijin Hospital affiliated with Shanghai Jiao Tong University School of Medicine and Zhongshan Hospital affiliated with Fudan University. All participants provided written informed consent.


[image: Figure 1]
FIGURE 1. Flowchart illustrating the exclusion, inclusion, and classification of study participants.




Clinical Symptom Assessment

The severity of the patients' OCD symptoms was assessed by expert psychiatrists/clinical psychologists who were blinded to the patients' CANTAB results while employing the Chinese version of the Yale-Brown Obsessive-Compulsive Symptom Checklist (Y-BOCS) (17). We used the total score on the Y-BOCS (ranging from 0 to 40), along with the separate subscale scores for obsessions (0–20) and compulsions (0–20), to categorize the severity of the patients' OCD symptoms as follows: “mildly severe” [total score, 6–15 (n = 4) or subscale scores, 6–9 for either obsessions or compulsions]; “moderately severe” [total score, 16–25 (n = 16) or subscale scores, 10–14 for either obsessions or compulsions (n = 1)]; and “severe” [total score, >25 (n = 17), or subscale scores, 15 or higher for either obsessions (n = 8) or compulsions] (18, 19). Because the number of patients categorized as having “mildly severe” OCD symptoms was relatively low, precluding statistical analysis, we collapsed the “mildly severe” and “moderately severe” categories into one symptom category. Accordingly, the OCD group was divided into one subgroup of patients with relatively mild-to-moderate symptoms (n = 21) and another subgroup of patients with severe symptoms (n = 25). At the time of enrolment, all patients with OCD were taking selective serotonin reuptake inhibitors (SSRIs), except for four patients in the mild-to-moderate group and six patients in the severe group, who were taking no medication.



Neuropsychological Assessment

The CANTAB (CANTAB Connect Research) was administered to each participant in a quiet hospital room by a psychologist who had received intensive training in its administration. Participants had to indicate their responses to the information in the computerized cognitive tests by touching a screen (iPad 6 MRJN2CH/A, Apple, CA, USA). We focused on testing the domain of executive functioning, in particular response inhibition, spatial working memory, planning, and attentional set shifting, along with testing new associative learning and visual recognition memory. Because not all participants were able to proceed to the next stage in each test, the number of participants yielding data for statistical analysis differed by test (Tables 1A,B).


Table 1A. Number of study participants with incomplete performance data as a function of group and cognitive test.
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Table 1B. Number of patients with incomplete performance data as a function of symptom severity.
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Stop Signal Task (SST)

The SST is a choice reaction-time task purported to assess response inhibition (20). In this task, participants were required to respond (using their indexes fingers or thumbs) to an arrow (“go“ signal) presented on the screen, which pointed to either the left or right. They were instructed to touch, as quickly as possible, the left side of the screen when the arrow pointed to the left and to press the right side when the arrow pointed to the right. They completed one block of 16 practice trials. Subsequently, participants performed the same task except that they had to withhold their behavioral response when an auditory (“stop“) signal (a beep) was presented. The auditory stop signal was delivered at variable intervals (referred to as the stop-signal delay; SSD) after the presentation of the arrow. The stop-signal RT (SSRT), mean RT on go trials, the mean number of direction errors on go and stop trials, and the SSD time) served as the dependent variables.



Spatial Working Memory (SWM)

The SWM task measures the capacity to retain and manipulate spatial information for performing the task at hand. In this task, participants were presented with multiple boxes in an increasing order on the screen, with each box revealing a token after being tapped on. All tokens were dropped in a column, and participants were instructed to avoid the box where they had previously found a token. The main dependent variable was the total number of errors made by participants, that is, the errors associated with returning to the box where a token was previously found (21).



Paired Associates Learning (PAL)

The PAL test, involving new associative learning and visual recognition memory, required participants to recall a location previously paired with an object. In this task, they were presented with a set of boxes on the screen, which automatically opened and revealed an object/pattern. The patterns emerging from the boxes during the task were different and occurred one at a time in a randomized order. Subsequently, each of the patterns was displayed one at a time on the center of the screen, and participants were asked to identify the box previously associated with the pattern. The dependent variables consisted of the total number of patterns reached, the total number of attempts, and the total errors adjusted.



Stockings of Cambridge (SOC)

The SOC test evaluates planning, that is, the ability to cognitively select an adequate action to reach a desired goal. The participants were shown two images stacked row-wise, where the top image had three stockings suspending three colored balls. The participants were instructed to move the balls in the bottom image in order to replicate the top pattern. The balls could be moved only one at a time and were accompanied by a maximum number of allowed moves. The dependent variables were the number of SOC problems that participants successfully completed in the minimum possible number of moves, and the mean number of moves they required to complete 5-move SOC problems.



Intra-Extra Dimensional Set Shift (IED)

The IED test assesses rule acquisition and reversal involving visual discrimination and attentional set shifting. In this task, participants were required to evaluate visual stimuli along one or two physical dimensions (form and color) and to use feedback in order to discover a rule that determined which stimulus was correct. After six correct responses, the rule and/or stimuli changed. Initially, participants could distinguish the visual stimuli easily on the basis of one relevant dimension and the subsequent shifts in rule were intra-dimensional. Next, the visual stimuli could be distinguished only on the basis of a combination of the two stimulus dimensions and the shifts in rule were extra-dimensional. There were nine stages to be completed in the task, with intra- and extra-dimensional rule shifts linked to attentional set shifting occurring at stages 6 and 8, respectively. The dependent variables comprised the number of errors made at stages 4, 6, and 8, as well as the number of stimulus trials completed successfully.




Statistical Analysis

Initially, we evaluated whether the continuous dependent variables were normally distributed. If this requirement was met, we performed independent-sample t-tests to assess mean differences between the patients and HCs and, within the patient group, between patients with mild-to-moderate symptoms and patients with relatively severe symptoms. We conducted Mann–Whitney U tests if the normality requirement was not met, and for analyzing differences in the proportion of males and females between groups. Because the CANTAB yielded 15 cognitive performance measures (5 from SST, 1 from SWM, 3 from PAL, 2 from SOC, 4 from IED), a Bonferroni-adjusted level of significance of 0.003 (p = 0.05/15 = 0.003, two-tailed) was used to protect against inflated Type I error rates (false positives) due to multiple testing. SPSS v26.0 (IBM, Armonk, NY) was used to analyze the data. The data are available upon request from the corresponding author.




RESULTS

There were no significant group differences seen between the patients with OCD and HCs in relation to age (p = 0.107), sex (p = 0.604), and education (p = 0.634) (Table 2A). Also, no significant differences were observed between patients with mild-to-moderate symptoms and patients with severe symptoms in age (p = 0.149), sex (p = 0.156), education (p = 0.364), and illness duration (p = 0.947) (Table 2B).


Table 2A. Clinical and demographic characteristics of study participants.
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Table 2B. Clinical and demographic characteristics of patients classified according to symptom severity.
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Table 3 presents the performance data derived from the SST, SWM, PAL, SOC, and IED separately for patients and HCs along with the results of the statistical analysis. Table 4 summarizes the performance data obtained from the patients classified by OCD symptom severity. No significant patient-control differences were observed in any of the cognitive performance measures (all p > 0.003) (Table 3). Similarly, cognitive performance of patients with relatively mild-to-moderate OCD symptoms did not differ significantly from the performance of patients with severe symptoms (all p > 0.003) (Table 4).


Table 3. Cognitive performance data as a function of group and test along with results of between-group analysis*.
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Table 4. Performance data as a function of patient subgroup and cognitive test along with results of between-subgroup analysis*.
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DISCUSSION AND CONCLUSION

In this study, we employed the CANTAB to evaluate several executive functions in Chinese patients with OCD and HCs. No significant patient-control differences were observed in the performance of tests of response inhibition, spatial working memory, planning, and set shifting. In addition, the two groups displayed no significant differences in cognitive performance involving basic learning and memory. Moreover, within the patient group, no significant performance differences were detected between patients who were classified as having either relatively mild or severe OCD symptoms. These results are unexpected and do not seem to support the view that impaired executive functioning is a core cognitive and pathophysiological feature of OCD (5–9). However, several factors partly related to limitations of the present study need to be considered before this conclusion can be well accepted.

First, our patient group was comparable to the HC group with respect to age, sex, and education, but it remains possible that preexisting group differences in other variables relevant to cognitive performance, such as socioeconomic status, medication status, or intelligence, contributed to the present results. For example, our OCD group mainly consisted of patients who were taking SSRIs at the time of testing, which may have improved their cognitive performance (22). Yet, medication status cannot easily explain the nonsignificant differences between patients with relatively mild and severe OCD symptoms because most patients in both subgroups were taking SSRIs at the time of testing.

Second, although the present study was not a cross-cultural study and the CANTAB is presumed to be culturally independent, it is possible that cultural factors contributed to the present results, precluding a direct comparison with prior findings from studies conducted in Western societies and patient populations. Therefore, it remains to be determined whether the present findings can be generalized to patients with OCD in other cultures and societies. Third, we employed the Bonferroni correction, which is an adequate but conservative method for controlling Type I errors (false positive findings) due to multiple testing. Accordingly, the use of this method may have controlled Type I errors but at the cost of increasing Type II errors (false negatives) and hence, may have reduced the statistical power of the study to detect small but true patient-control differences in cognitive performance. Indeed, meta-analytical reviews of the literature indicate that patient-control differences in cognitive performance are generally modest, with effect sizes ranging from small to medium for tests of EF (12, 13). Similarly, within a given cognitive task, effect sizes may differ across the dependent variables used for analyzing performance differences [e.g., for SST, a large effect size has been found for SSRT but only a small and nonsignificant effect for performance accuracy (14)].

However, due to some limitations of this study, these results should be interpreted with caution. The first limitation of the present study concerns the small sample sizes examined, which seem to be insufficient to reliably detect cognitive deficits in patients with OCD. Secondly, influenced by the sample size, we did not make a detailed division according to the symptoms of OCD for cognitive comparison. Thirdly, more research and cross-cultural studies are needed to determine whether these results can be replicated in another sample of Chinese patients and whether they can truly be generalized to patients living in other countries and sociocultural cultures.

In conclusion, we observed no significant differences between Chinese patients with OCD and healthy community volunteers in cognitive tests assessing executive functions. However, due to study limitations, additional cognitive studies including large, well-characterized samples of Chinese patients with OCD and matched HCs, as well as cross-cultural studies, are needed to substantiate or qualify the present findings.
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Disrupted interoceptive processes are present in a range of psychiatric conditions, and there is a small but growing body of research on the role of interoception in obsessive-compulsive disorder (OCD). In this review, we outline dimensions of interoception and review current literature on the processing of internal bodily sensations within OCD. Investigations in OCD utilizing objective measures of interoception are limited and results mixed, however, the subjective experience of internal bodily sensations appears to be atypical and relate to specific patterns of symptom dimensions. Further, neuroimaging investigations suggest that interoception is related to core features of OCD, particularly sensory phenomena and disgust. Interoception is discussed in the context of treatment by presenting an overview of existing interventions and suggesting how modifications aimed at better targeting interoceptive processes could serve to optimize outcomes. Interoception represents a promising direction for multi-method research in OCD, which we expect, will prove useful for improving current interventions and identifying new treatment targets.
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INTRODUCTION

OCD affects 1–3% of adults (1) and is associated with significant economic cost and a chronic course (2, 3). It is characterized by recurrent, intrusive thoughts, images, urges, and/or sensory-perceptual experiences that cause distress (obsessions) and repetitive behaviors performed to reduce this distress (compulsions). Clinical presentation and symptom content can vary greatly across individuals, with the most reliable dimensions including harm/checking, contamination/cleaning, and symmetry/ordering (4, 5). Though gold-standard treatments including serotonin reuptake inhibitors and cognitive behavioral therapy (CBT) work for many patients with OCD, a significant portion do not achieve meaningful symptom reduction (6, 7), which may be due to this heterogeneity.

Seminal conceptualizations of OCD that emphasize the role of cognitions and fear in the development and maintenance of symptoms are particularly relevant for obsessions and compulsions related to preventing or avoiding a feared outcome or bad event (e.g., “I check my stove because I am afraid it has been left on and will burn down my house”). Indeed, traditional anxiety-based models form the foundation for evidence-based CBT interventions such as exposure and response prevention ExRP; (8–11). However, these models do not account as well for those symptoms of OCD that are less fear-driven, including behaviors that are more motivated by sensory or visceral sensations such as “not-just-right” experiences (NJREs; “I need to arrange objects until they look just right”), disgust, and physical urges (“I feel dirty or sticky so I have to wash my hands repeatedly”). These types of symptoms—frequently referred to as “sensory phenomena” —are prominent in ~50–80% of patients with OCD (12, 13) and have been the topic of an emerging body of work that aims to understand the psychological and neural correlates of these symptoms (14, 15) in an attempt to identify more targeted treatments.

A growing body of research has begun to investigate the role of sensory processing in OCD, including the processing of internal, or interoceptive stimuli (and the focus of this paper) and external (exteroceptive) stimuli [See Grimaldi and Stern (16) and Collins et al. (17) for more information on exteroception in OCD]. Interoception, defined as the detection, integration, and interpretation of internal bodily signals (18, 19). Body sensations provide important information necessary to maintain homeostasis, influence attentional, and emotional processes, impact decision-making, and motivate behavior (18–23). Indeed, interoception is posited to be a core facet of emotional, behavioral, and cognitive regulation (20, 23–27). Therefore, it is perhaps not surprising that disrupted interoceptive processes are present in a wide range of psychiatric conditions, including anxiety, depression, addiction, psychosis, and anorexia (18, 19, 22, 28, 29). With regard to OCD, there are several antecedents to compulsions that, in addition to being fear-based, could be driven at least in part by altered processing of body signals (such as NJREs and disgust). There are additional aspects of altered interoception in OCD that may not necessarily drive compulsive behavior in the traditional sense, but nonetheless can negatively impact disease course and treatment response in the disorder (such as anxiety sensitivity). An investigation into the behavioral and neural correlates of interoception in OCD has the potential to improve personalization of treatment and identify novel targets for intervention.

In this review, we discuss the existing literature examining the role of interoception in OCD with the goal of highlighting its relevance to clinical heterogeneity and the optimization of treatment outcomes. Extending prior work (30), we first provide an overview of the different aspects of interoception and their neural bases before discussing current research on interoception and related constructs in OCD. Then, we consider interoception in the context of clinical intervention and discuss implications for research and treatment.



METHODS

A PubMed literature search was conducted in July 2021 to identify the existing investigations of interoception in OCD or OC symptoms using the MeSH terms “obsessive compulsive OR obsessions OR compulsions” AND “interoception OR interoceptive OR body awareness.” Reference lists of articles were also reviewed for additional relevant literature.



RESULTS

The PubMed search resulted in 169 publications, of which 3 examined interoceptive accuracy (31–33) and 1 investigated interoceptive sensibility (34) in OCD. Review of reference lists yielded 1 additional article examining interoceptive accuracy in OCD (35) and 1 additional article examining interoceptive sensibility and OCD symptoms in and undergraduate sample.



NEURAL BASIS OF INTEROCEPTION

The neurobiology underlying interoception has been fairly well-delineated. Ascending small-diameter primary fibers carry visceral (e.g., about heart, lungs, gastrointestinal, urogenital), somatic (e.g., muscles, joints, skin), and homeostatic information (e.g., about temperature, mechanical stress, cellular activity) from tissues in the body to brainstem nuclei e.g., parabrachial, nucleus of the solitary tract, periaqueductal gray (20, 21, 36). These afferents reach the thalamus and the hypothalamus (37), and primarily through the thalamus, project to other subcortical (insula, hippocampus, amygdala) and cortical (cingulate, somatosensory, orbitofrontal, and medial prefrontal) regions (20, 21, 38).

The insula is considered a hub in this network (20, 39–41) and has been implicated in a wide variety of interoceptive processes including disgust (42), substance craving (43, 44), pain (45), and physical urges (46, 47). Converging evidence from several neuroimaging studies identify a tripartite functional parcellation of the insula into posterior, ventral anterior, and dorsal anterior subdivisions. The posterior insula is involved in sensory processing and has functional connections to the sensorimotor regions including somatosensory cortex (postcentral gyrus) and primary and secondary motor areas (precentral gyrus, supplementary motor area) (20, 48–50). The ventral and dorsal subdivisions of the anterior insula have different functional connectivity profiles (48). The ventral anterior insula is functionally connected to the limbic and paralimbic regions and is involved in emotion processing (48, 51, 52), whereas the dorsal anterior insula is functionally connected to regions involved in cognitive control and salience detection (53–55) including the dorsal anterior cingulate (ACC) and lateral prefrontal cortex (48, 51, 56). It has been proposed that different aspects of interoception follow this tripartite division of function of the insula: afferents carrying sensory signals from the body are first represented at the posterior insula before relaying information to the anterior insula, where interoceptive signals are re-represented with greater complexity through the integration of emotional (ventral) and cognitive (dorsal) information transmitted from connecting cortical and sub-cortical regions (30, 39, 40, 57, 58).



DIMENSIONS OF INTEROCEPTION

Research has distinguished between separate facets of interoception, including the capacities to detect, discriminate, and evaluate the magnitude of different bodily signals [(59), see Tables 1, 2]. Garfinkel et al. (71), for instance, distinguished between the objective detection of bodily sensations (“interoceptive accuracy”), the subjective experience of bodily sensations (“interoceptive sensibility”) and the metacognitive awareness of interoceptive accuracy (e.g., whether a person believes they are accurately identifying bodily sensations, “interoceptive awareness”). Interoceptive accuracy and sensibility have been the focus of most research in healthy and clinical samples.


Table 1. Interoceptive dimensions.
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Table 2. Reliability and validity of select interoceptive assessments.
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Interoceptive accuracy (IAcc) reflects the objective perceptual accuracy of interoceptive states. It is most commonly measured by a heartbeat detection task where individuals are asked to count the number of heartbeats occurring over a period of time, which is then compared to the actual number of heartbeats measured with pulse plethysmography (PPG) or electrocardiogram (ECG). IAcc has been found to be associated with emotional processing (91–93). Neuroimaging studies of heartbeat detection have linked individual differences in the functioning of several regions including the midbrain, ventral striatum, anterior cingulate cortex, somatosensory cortex, and the insula to greater interoceptive accuracy [e.g., (41, 63, 67, 94)]. From among these areas, the right dorsal anterior insula appears to be the most reliably positively associated with interoceptive accuracy across studies (41, 63, 95). It has been proposed that this insular subregion may contribute to instantaneous subjective feelings from the body that generate a sense of the present moment (40, 67).

Interoceptive sensibility (IS) relies on self-report and represents the subjective assessment of how internal body signals are appraised, regulated, and impact behavior (72, 73, 96, 97), and is frequently assessed using self-report questionnaires. Interoceptive sensibility is arguably the broadest of the three dimensions, encompassing several different aspects of subjective body processing. Commonly used scales include the Body Perception Questionnaire BPQ; (73), Body Awareness Questionnaire [BAQ; (74)], and the Multidimensional Assessment of Interoceptive Awareness [MAIA; (72)]. While both the BPQ and BAQ measure an individual's general tendency to notice and be aware of their body sensations, the MAIA includes 8 subscales assessing different cognitive, emotional, and behavioral aspects and was designed to differentiate between “adaptive” and “maladaptive” forms of IS (98). Furthermore, the emotional evaluation of interoceptive signals [IE; (99, 100)] is a subcomponent of IS typically measured via self-report questions characterizing how an individual emotionally interprets bodily sensations. For example, IE is assessed by items in the MAIA “Not Worrying” subscale (e.g., “I start to worry that something is wrong if I feel any discomfort”). Existing literature suggests that IAcc and IS are often unrelated and emphasizes the utility in distinguishing between these two dimensions (30, 75). For example, IE has been shown to be unrelated to IAcc and more representative of top-down processing (99). See Table 2 for correlations among measures of interoceptive dimensions.

A number of neuroimaging studies have investigated IS, the majority of which utilized a single dimension measure such as the BPQ. Critchley et al. (41) for instance, found an association between self-reported awareness of body sensation assessed with the BPQ and gray matter volume in the insula. In a large sample of healthy adults, Wang et al. (76) found that IS was negatively correlated with functional connectivity between three pairs of brain regions: ventral anterior insula and superior temporal gyrus, dorsal anterior cingulate cortex and middle frontal cortex, and amygdala and medioventral occipital cortex. In clinical samples, IS has been linked to connectivity between the ACC and orbitofrontal cortex (OFC) (77) as well as between anterior insula and somatosensory regions (78). Only one study has examined the neural correlates of IS using a multidimensional measure. Using a dimensional reduction approach on the MAIA in a healthy sample, Stern et al. (75) reported a 3-factor solution, of which, one factor corresponded to reduced ability to regulate attention to body sensation, greater tendency to distract from uncomfortable body sensation, and greater worrying over body sensation. Scores on this component were related to increased BOLD activity in the anterior-mid insula, along with the cingulate cortex, and somatosensory/sensorimotor regions during interoceptive attention focusing. Compared to IAcc, the brain regions implicated in IS are less clear given fewer number of studies and differences in measures (i.e., MAIA vs. BPQ) and modalities (i.e., gray matter volume vs. functional connectivity). Whereas, literature most consistently implicates the involvement of the dorsal anterior insula in IAcc, findings in IS are less consistent. However, there does appear to be some overlap between neural correlates of these two facets, including the anterior cingulate (75, 76) and somatosensory areas (75).



INTEROCEPTIVE DIMENSIONS AND OCD

Few studies have directly examined interoceptive dimensions in OCD utilizing the measures discussed above. Interoceptive accuracy has been examined in two studies using the heartbeat detection task with mixed results. Yoris et al. (70) reported increased accuracy in OCD patients compared to controls when counting heartbeats, whereas Schultchen et al. (32) and DeMartini et al. (31) found decreased accuracy (31, 32, 70). It is possible that variation in counting procedure [e.g., tapping hand in Yoris et al. (70) vs. silent counting in Schultchen et al. (32) and DeMartini et al. (31)] contributed to inconsistent findings. Though heartbeat detection tasks are the most commonly used measure of IAcc, the role of the cardiovascular system is not as clearly relevant for OCD as it is for other psychiatric conditions like panic disorder. In a study utilizing a different approach to measuring the processing of internal sensation in OCD, Lazarov et al. (35) used a muscle tension task and found that individuals with OCD were less accurate than healthy controls and individuals diagnosed with other anxiety disorders in their ability to produce specific muscle tensions when feedback was not given (35). Although these few studies represent important first steps investigating interoceptive accuracy in OCD, given the limited number of studies, task variability, and mixed findings, more research is needed before conclusions can be drawn. It has been recommended that tasks assess IAcc across organ different systems (e.g., cardiovascular, respiratory, gastrointestinal, etc.) to create a more reliable and comprehensive “interoceptive profile” (59). Indeed, future investigations may benefit from including multisystem tasks to clarify IAcc in OCD.

Our group has examined interoceptive sensibility in OCD utilizing the MAIA (34). In our investigation, compared to healthy controls, individuals with OCD reported hyperawareness of bodily sensations. Further, the OCD group demonstrated a more maladaptive profile of IS including increased distraction from and worry about uncomfortable sensations. Within OCD, different dimensions of IS also related to clinical heterogeneity. For example, increased tendency to notice bodily sensations correlated with higher severity of symmetry/ordering (e.g., “feelings that something is not just right and behaviors designed to achieve order, symmetry, or balance”) and responsibility for harm (e.g., “thoughts and behaviors related to harm and disasters”) symptoms. Greater worry about body sensations, which corresponds to the IE sub-dimension of interoceptive sensibility, was related to increased severity of both the responsibility for harm and contamination symptom dimensions. In an undergraduate sample, Jokić and Purić (101) found that a similar pattern of MAIA subscales demonstrated significant (albeit small) correlations with overall OC symptoms (101). Therefore, existing findings suggest that obsessive-compulsive symptoms may relate to a profile of interoceptive sensibility characterized by awareness of bodily sensations, reliance on sensations for information, appraisal of sensations as threatening, and the tendency to respond to aversive sensations with cognitive avoidance.

Anxiety sensitivity (AS) is a construct related to interoceptive sensibility that has been more frequently researched in OCD patients. Anxiety sensitivity reflects fear of anxiety-related body sensations (79). AS is most commonly assessed utilizing self-report methods, specifically by the 16-item Anxiety Sensitivity Index (ASI), which allows calculation of a total score in addition to subscale scores measuring fear of social evaluation (ASI-Social), cognitive (ASI-Cognitive), and physical symptoms ASI-Physical; e.g., “When my stomach is upset, I worry that I might be seriously ill” (102). Greater fear of physical anxiety symptoms, as measured by ASI-physical, is correlated with increased worrying about body sensations and a greater tendency to regulate emotional states through attention to body sensation as measured by the MAIA (72), and thus corresponds to the interoceptive sensibility subconstruct of emotional evaluation of interoceptive signals. AS is considered to be a transdiagnostic construct and is known to be broadly related to a range of psychopathology including panic disorder, posttraumatic stress disorder (PTSD), generalized anxiety disorder (GAD), substance-use disorders, and suicidal ideation (103–107). OCD samples demonstrate higher levels of physical anxiety sensitivity compared to healthy controls and comparable levels to anxiety disorder samples (80). Greater fear of physical symptoms is not only associated with overall OCD symptom severity, but also has been related to increased contamination, symmetry/ordering, and certainty/doubting symptoms (81, 82, 108). A recent longitudinal study in adolescents found a bidirectional association between AS and OC symptoms suggesting that not only is AS a risk factor for developing OC symptoms, but experiencing symptoms also increases the prospective risk of elevated AS over a 2-year period (109).

To the best of our knowledge, no study has yet evaluated AS in individuals with OCD using neuroimaging but existing literature on AS in individuals and subthreshold anxiety symptoms seems to consistently implicate the anterior insula. Higher ASI-total score was associated with neural activity in the insula (posterior and dorsal anterior) and dorsal anterior cingulate (dACC) in individuals with panic disorder with agoraphobia when viewing fearful and angry emotional faces (110). Additionally, dorsal anterior insula and amygdala activity was found to be higher among individuals with subthreshold anxiety symptoms in a face viewing task (111). Using the 36-item Anxiety Sensitivity Index (Revised; ASI-R) in a sample of individuals with panic disorder, Kim et al. (112) reported that total ASI-R score was associated with greater functional anisotropy (i.e., indicator of white matter integrity) in the white matter regions near the insula, corpus callosum, posterior limb, retrolenticular parts of the internal capsule, posterior thalamic radiata, posterior corona radiata, and sagittal striatum (112). These white matter findings were consistent with a previous report stating that AS is associated with functional connectivity between the insula and other neural regions (including the thalamus and amygdala) that are known to modulate interoceptive processing (113–115).

Of the three dimensions proposed by Garfinkel et al. (71, 96), interoceptive sensibility, or the self-reported assessment of interoceptive ability, appears to be most consistently abnormal in OCD. Specifically, studies using the MAIA and ASI-physical subscale indicate that OC symptoms may relate to an attentiveness to internal sensations and a reliance on sensations to clarify emotional states and inform behavior (34, 101). Further, and perhaps most consistent with the subdimension of emotional evaluation of interoceptive signals, studies demonstrate that individuals with OCD appraise internal bodily sensations as threatening and respond to aversive sensations with cognitive avoidance (34, 80, 101). These findings are somewhat consistent with CBT models, which emphasize the role of appraisal and avoidance in maintaining symptoms e.g. (9, 116). Studies also demonstrate associations between facets of IS and specific OC symptom dimensions, suggesting that interoception might be particularly relevant for certain presentations (34, 81, 82, 108). For example, the positive associations of the symmetry/ordering dimension with self-reported awareness of sensations (34) and negative appraisal of internal sensations (81, 82, 108) could suggest that interoceptive dysfunction is more relevant to this clinical presentation. Given the significant clinical heterogeneity within OCD, such findings are particularly meaningful as they could lead to better treatment matching and more targeted interventions.



INTEROCEPTION AND CORE OCD PHENOMENA


Sensory Phenomena

Sensory phenomena (SP) are uncomfortable or aversive sensations that motivate repetitive behaviors. As opposed to compulsions driven by an effort to reduce anxiety or avoid harm, individuals with SP report engaging in repetitive behaviors aimed at reducing discomfort elicited by an inner feeling of incompleteness (INC) or “not just right” experience (NJRE) (117). Sensory phenomena are most commonly assessed via self-report [e.g., Obsessive-Compulsive Trait Core Domains Questionnaire; Not Just Right Experiences Questionnaire-Revised; Symmetry/NJRE subscale on the Dimensional Obsessive-Compulsive Scale (118–120)], or clinical interview [University of São Paulo Sensory Phenomena Scale (121)]. As many as 60–70% of individuals diagnosed with OCD experience some form of sensory symptom in the absence of a specific feared outcome (12, 13, 117, 121–123). Further, studies in both clinical and non-clinical samples have found sensory phenomena to be uniquely associated with OC severity even after controlling for harm avoidance and OC-specific beliefs (122, 124–126). Research suggests sensory phenomena are associated with a number of specific and important clinical characteristics, for example, symmetry, ordering, and arranging symptoms (12, 127, 128). Our group identified a relationship between symmetry/ordering/NJRE symptoms and the tendency to notice and be aware of internal sensation as measured by the MAIA, suggesting that increased IS may contribute to these types of symptoms in OCD (34). There is some evidence to suggest that sensory phenomena may also relate to onset and course of OC symptoms (129). For example, one study found that individuals diagnosed with OCD retrospectively perceived increases in NJRE-related urges as one of the top two clinical characteristics (after stress) that played a role in the transition from sub-threshold symptoms to clinical OCD suggesting the potential role of interoceptive processes in the etiology of the disorder (130).

Findings from two neuroimaging studies in individuals with OCD suggest a relationship between SP and neural regions associated with interoception including the insula, sensorimotor, and somatosensory regions (14, 15). Higher SP severity was associated with greater activity of the mid-posterior insula, as well as somatosensory cortex, orbitofrontal cortex, and lateral prefrontal cortex when individuals with OCD viewed “body-focused” videos (15). Interestingly, greater gray matter volumes in sensorimotor regions were also observed in patients with OCD who reported experiencing SP compared to those who did not (14).



Premonitory Urge and “Urges-for-Action”

Premonitory urges (PU) are uncomfortable or aversive sensations preceding movements or vocalizations in individuals with tic disorders. Often described as a building up of inner tension or an “itching” or “tingling” in the area of the body that has the tic, PUs are most commonly measured using the self-report Premonitory Urge for Tics Scale [PUTS; (131)]. In TS, PU are related to specific OC symptoms including the symmetry and aggression dimensions (132) and several studies have highlighted the similarity between premonitory urges in TS and sensory phenomena preceding compulsive behavior in OCD (121, 133). Indeed, Brandt et al. (134) found a temporal relationship between premonitory urges and compulsions in patients with OCD, characterized by increasing urge intensity until execution of compulsion, followed by immediate, temporary urge decrease (134).

Limited research demonstrates that interoceptive processes may relate to premonitory urges in adults with Tourette Syndrome. Rae et al. (135) found that interoceptive sensibility (as measured by the BPQ) predicted PU severity. Interoceptive accuracy has been examined in relation to PU in two studies: Ganos et al. (136) reported that IAcc predicted PU severity, whereas Rae et al. (135) did not find a significant correlation. The relatively small sample sizes in both of these investigations (n = 19–21) combined with slight differences in task design (e.g., length and timing of individual trials) could have contributed to inconsistent findings.

It has been suggested that urges preceding repetitive behaviors in OCD and TD may be phenomenologically similar to “urges-for-action,” which are everyday sensations that motivate behaviors such as blinking or scratching (137, 138). A core feature of “urges-for-action” is the need to suppress or delay a behavior which builds up over time the longer the behavior is suppressed (139), differentiating these pre-movement experiences from those associated with more intentional and goal-directed behaviors (138). Prior work has indicated that every-day “urges-for-action” activate a network of brain regions including the insula and sensorimotor cortical regions (137, 138, 140–142). Using eyeblink suppression as a model to investigate sensory-based urges in OCD, we observed greater eyeblink suppression failures in patients with OCD compared to controls when asked to suppress eye blinking for a period of 60 s (46). OCD patients showed greater neural activity during blink suppression in a network of regions including the anterior insula, cingulate, striatum, superior/inferior parietal cortex, precuneus, and the lateral occipital cortex (46). Interestingly, many of these brain regions overlapped with those found in studies of everyday “urges-for-action” (138).



Disgust Proneness

Disgust is a basic emotion that functions to motivate avoidance of potentially harmful stimuli that could cause disease (143, 144). It is associated with a visceral response and physiological signs involving interoceptive processes such as nausea (145). Indeed, interoceptive functioning may contribute to disgust proneness, or the extent to which one not only experiences disgust but also finds it to be aversive (146). Disgust proneness can be further divided into two specific dimensions: Disgust Propensity, the frequency of feeling disgusted, and Disgust Sensitivity, how negatively these experiences are appraised (146). Two common assessments of disgust proneness include The Disgust Propensity and Sensitivity Scale-Revised (147) and The Disgust Scale-Revised (148).

Not surprisingly, in both non-clinical and OCD samples, evidence reliably demonstrates a connection involving disgust-proneness with contamination symptoms and behavioral avoidance (149–157). Further, studies have shown disgust proneness to mediate the relation between OC symptoms and behavioral avoidance (158, 159). The construct of contamination includes both physical and mental contamination. While physical contamination involves the presence of a contact contaminant, mental contamination refers to the internal sensation of “dirtiness” in absence of a contact contamination (e.g., dirt, germs) (157, 160, 161). Mental and contact contamination are closely related, yet diverge not only in terms of antecedents but also differ in regards to the efficacy of washing in relieving these feelings (with washing theorized to alleviate physical contamination more than mental) (156, 157, 161). Although disgust proneness has not been investigated in relation to interoceptive accuracy or sensibility, functional neuroimaging studies identify an association between insula activation and disgust (162, 163).

Compared to controls, individuals with OCD showed greater activity in left and right insula when viewing disgust-inducing images, but did not show different patterns of neural activity when viewing fear/threat-inducing images (164–166). As disgust proneness may also be related to negative affect (155), further neuroimaging studies are required to clarify the neural correlates of the association between disgust and OCD symptoms with measures of affect included as covariates in the model.




INTEROCEPTION AND OCD TREATMENT

To date, self-report and neuroimaging investigations provide the most compelling evidence for interoceptive differences in patients with OCD. Further, interoception may be more relevant to specific clinical presentations, including individuals with symptoms of symmetry/ordering motivated by sensory phenomena or contamination/washing driven by visceral feelings of disgust. Beyond self-report data, neuroimaging investigations demonstrate the involvement of key interoceptive regions like the insula in the pathophysiology of sensory phenomena, urges-for-action, and disgust. Given this, looking at interoception and related core OCD phenomena in the context of treatment could provide valuable insights necessary for improving therapeutic outcomes.


Psychotherapy

Cognitive behavioral therapy (CBT) with exposure and response prevention (ExRP) is the gold standard treatment intervention for OCD (167). Response prevention is the elimination of compulsive/avoidance behaviors and exposure entails repeated, systematic confrontation with distress-inducing stimuli. ExRP is theorized to work through various mechanisms such as habituation (i.e., distress decreases naturally during and between exposure sessions) and expectancy violation [i.e., by approaching a feared situation, one learns that it can be tolerated and rarely leads to a feared outcome (168–170)]. Interestingly, studies investigating ExRP treatment response in individuals with OCD have observed associations between insula activations and treatment response, suggesting that interoceptive mechanisms subserved by the insula may have roles in the therapeutic process of ExRP. A recent investigation using whole-brain network-based statistics in unmedicated individuals with OCD found network alterations involving the anterior insula significantly predicted response to exposure therapy (171). Norman et al. (172) found a trend association between greater baseline anterior insula BOLD activity during cognitive control and better ExRP treatment response. Separately, Nakao et al. found that individuals with OCD who showed improvement following either 12 weeks of fluvoxamine or exposure therapy showed increased BOLD activity in the bilateral insula during a Stroop task and reduced activity in the left posterior insula during symptom provocation compared to baseline neural activity (173). Consistently, reduced BOLD activity in regions including the bilateral insula were also observed during individualized symptom-provocation OCD following ExRP treatment (174).

Although one cannot infer a psychological process from neural data alone (175), such findings do suggest that insula function may impact the efficacy of traditional exposure exercises in OCD even though they tend to focus on situations (in vivo) or mental stimuli (imaginal) that elicit fear, rather than target sensory-based symptoms. Still, there is evidence suggesting that patients experiencing sensory phenomena derive greater clinical benefit from ExRP when it is optimized to specifically target those symptoms (176). A recent meta-analysis found that though incompleteness improves moderately during CBT, only a minority (18%) of studies tailored treatment to address sensory-related symptoms. Importantly, moderator analyses showed that when treatment was modified to target incompleteness, there was a greater reduction in incompleteness scores (176). Further, some laboratory and outcome research suggests that learned disgust responses are more resistant to extinction and slower to habituate than fear (177–183). Therefore, individuals with OCD with predominant sensory phenomena or disgust may benefit from therapeutic processes that aim to reduce or ameliorate aspects of interoception. Recently, there has been increasing interest in using exposures to specifically target internal sensations (interoceptive exposure) in OCD (103, 170). In one investigation of transdiagnostic CBT, patients with OCD demonstrated the greatest decreases in physical anxiety sensitivity following the introduction of interoceptive exposures (184). Though more published studies are needed, these findings provide preliminary data to suggest that interoceptive exposures may reduce negative appraisal of physical sensations in OCD (103, 184). Khalsa et al. suggested that creating an “interoceptive profile” of patients through assessment of several organ systems (e.g., cardiovascular, gastrointestinal, etc.) could assist clinicians with personalizing and calibrating “dose” of exposures (59). OCD clinicians must also be familiar with the nature of interoceptive-related features such as sensory phenomena, disgust, anxiety sensitivity, and how they differ from fear in treatment. Interestingly, clinician surveys indicate that only a minority report utilizing interoceptive exposure, suggesting that treatment delivery may be suboptimal for many patients with OCD (185, 186).



Pharmacotherapy

Serotonin reuptake inhibitors (SRIs) including the tricyclic antidepressant clomipramine, and selective SRIs are considered a first line treatment for OCD (167, 187). However, many patients don't respond to an adequate trial and relapse is common after discontinuation (167). Therefore, examining moderators of response to these medications is necessary. Unfortunately, very little has been published on interoception in OCD and treatment response to SRIs. One open trial found that patients reporting sensory phenomena responded better to clomipramine than patients without sensory phenomena (188). Separately, Nakao et al. found that individuals with OCD who showed improvement following 12 weeks of fluvoxamine pharmacotherapy showed increased BOLD activity in the bilateral insula during a cognitive inhibition task (Stroop) and reduced activity in the left posterior insula during symptom provocation compared to baseline neural activity (173). Given the scarcity of research, looking to novel pharmacological treatments that specifically target interoceptive dysfunction may hold promise. Ondansetron, a 5-HT3 antagonist that is FDA-approved for the treatment of nausea and vomiting, demonstrates efficacy in the treatment of sensory symptoms related to pruritus (189). We have found that single high doses of ondansetron reduce activation in the insula, sensorimotor regions, and cingulate cortex in healthy individuals (190). Dopaminergic agents may also hold promise for modulating interoception. Domperidone, a D2 receptor antagonist, was recently found to influence oculomotor avoidance of disgusting visual stimuli (191). Given the research suggesting disgust may be more resistant to habituation than fear, domperidone could may hold potential for augmenting ExRP (191). Botulinum toxin is a protein that acts to block presynaptic release of the neurotransmitter acetylcholine from motor neurons. Though not yet investigated in OCD, it has been shown to reduce premonitory urge and premonitory sensations (generalized urges, tingling sensations) in Tourette's Syndrome (192). To our knowledge, no work-to-date has investigated glutmatate-modulating-agents such as N-acetylcysteine (NAC) on interoception in OCD. However, a prior study reporting no significant effect of NAC on overall OCD symptom severity proposed that this agent might be particular efficacious for patients with urges and sensory phenomena (193) based on prior work revealing NAC efficacy in reducing urges in trichotillomania and excoriation disorder (194, 195).



Brain Stimulation/Neuromodulation

Deep brain stimulation (DBS) involves the electrical stimulation of specific brain areas through implantation of electrodes. Most commonly used in the treatment of movement disorders such as Parkinson's disease, DBS is a FDA-approved intervention for treatment-refractory OCD (196, 197). Electrodes are most commonly implanted in striatal areas or the subthalamic nucleus (STN) and OCD symptom improvement has been associated with normalization of frontostriatal activity (197–199). Although no studies have directly examined the impact of DBS on interoceptive processing in OCD, neuroimaging findings demonstrate effects of DBS on the functioning of key interoceptive regions. Indeed, resting state functional connectivity with insular and sensorimotor regions at baseline has shown to predict optimal DBS outcome, regardless of target placement (200). Further, DBS of the ventral anterior limb of the internal capsule in patients with treatment-refractory OCD has been found to lead to decreased latero-basal amygdala-insula connectivity (201). Despite these neuroimaging findings, there is a paucity of data investigating the impact of DBS on interoception.

Transcranial magnetic stimulation (TMS) is a non-invasive neuromodulation technique that involves placing a magnetic coil on the scalp that generates a brief and high-intensity magnetic field that excites or inhibits a part of the brain under the coil (202, 203). TMS is FDA-approved for therapeutic applications in several psychiatric conditions such as depression and OCD, although its therapeutic effects on symptoms relating to interoception remain relatively under-investigated. Prior studies have applied inhibitory TMS targeting neural regions known to be involved in interoception, including the anterior insula, somatosensory cortex, and supplementary motor area. In a sample of healthy individuals, inhibitory stimulation using a figure-of-eight coil applied separately over the right anterior insula and right somatosensory area led to reduced interoceptive accuracy and increased interoceptive sensibility (100). These results must be interpreted with caution, as the insula is located approximately 5 cm under the skull, and the standard stimulation protocol used by the authors may not have reached the depth of insula (204). Direct stimulation of the insula may be achieved using different coil configurations, such as H-coils, that can deliver deeper but broader stimulation to the brain (205–207). Existing studies that applied H-coils targeting the insula for addiction (208), severe and enduring anorexia nervosa (209), and eyeblink suppression (210) have reported mixed therapeutic effects of insula stimulation. A recent transcranial direct current stimulation (tDCS) study found that sham, but not anodal stimulation targeting the insula, was related to IAcc improvement (211). Further studies are required to evaluate the clinical efficacy of tDCS and deep TMS.

Although studies targeting the insula with TMS are somewhat difficult to conduct, a body of research has pointed to the potential utility of targeting sensorimotor areas closer to the surface of the brain such as the supplementary motor area (SMA). An investigation applying inhibitory repetitive TMS over the bilateral SMA area for 10 daily sessions in a small sample of individuals with treatment-resistant OCD (n = 5) or Tourette syndrome (n = 3) (212) found that patients with OCD showed symptom reduction, and two out of three patients with Tourette syndrome showed complete remission of tics at the end of 2 weeks. Significant reductions in anxiety and depressive symptoms were also observed in this study. Subsequent investigations involving the supplementary motor area (SMA) also reported reduction in OCD severity (213–215), with benefits persisting at 6–12 weeks after treatment (214). A recent investigation, also involving inhibitory repetitive TMS of the SMA in individuals with OCD, showed symptom reduction that persists up to 3 months post TMS (216). In this study, both baseline and post-TMS symptom scores predicted post-TMS reduction in functional connectivity of the supplementary motor area with regions including the orbitofrontal cortex, anterior cingulate, and insula (216).

Even though the bulk of existing studies using TMS in OCD did not specifically evaluate changes in interoceptive processes, existing findings indicate that regions that are important in interoception could be indirectly (in the case of insula) or directly (in the case of sensorimotor regions) modulated by TMS (216). A recent randomized-controlled investigation using tDCS found that anodal stimulation of the SMA resulted in superior reductions in OCD symptoms compared to sham in a treatment-resistant sample (217). Despite preliminary evidence that non-invasive neurostimulation techniques like tDCS and transcutaneous electrical nerve stimulation (TENS) may provide therapeutic benefits (218), their application to modulate interoceptive processes is currently lacking.



Biofeedback and Real-Time fMRI Neurofeedback

Biofeedback generally involves measuring one's own physiological state and feeding the information back in real-time via visual or auditory or tactile feedback so that the individual can learn to modulate the physiological processes that are usually otherwise involuntary (219, 220). Biofeedback has shown promise in ameliorating stress and anxiety symptoms (221–224), and studies also reported improvements in interoceptive accuracy following biofeedback training (225, 226). For example, Meyerholz et al. (225) examined the effect of true cardiac feedback, false-feedback, mindfulness practice, or a waiting control condition on cardiac IAcc. IAcc only improved significantly in the feedback condition, and this change was significantly greater than the three other conditions, suggesting that biofeedback holds promise for modifying interoceptive accuracy (225).

Real-time fMRI neurofeedback, another personalized approach, involves analyzing BOLD activity in real time as fMRI data is collected, and presenting information about neural activity in specific regions to the individual to guide modulation or self-regulation (227). Neurofeedback studies have shown that training can be effective for both modulating anterior insula activity (228–231). In a sample of 3 individuals with OCD with contamination-related obsessions and compulsions, Buyuturkoglu et al. (232) showed that active down-regulation of the insula led to reduced disgust levels and anxiety in response to viewing disgust-inducing images in 2 out of 3 patients. Although further research is required in larger samples, early evidence indicates that real-time fMRI neurofeedback may be beneficial in modulating interoceptive processes by actively regulating neural activity.




CONCLUSION

Despite increased understanding in the pathophysiology of OCD, current mainstay treatments have largely remained unchanged over the past 30 years. The clinical heterogeneity of a significant number of patients has not been fully accounted for by traditional anxiety-based models, thus prompting more research into the processing of internal sensations. Interoception presents itself as a promising target for OCD research given the established theoretical framework and measurable behavioral and biological correlates (59). Indeed, a growing body of behavioral and neurobiological literature provides evidence for the role of interoception in OCD. We expect that continuing this line of research will prove useful for both improving personalization of existing treatments like ExRP and identifying new targets for intervention.
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Infant socioemotional development and underlying brain maturation occur primarily within the context of early caregiver-infant relationships. Perinatal research demonstrates detrimental impact of postpartum pathology, including postnatal onset of maternal OCD—on the mother-infant relationship. The present study is the first to examine postnatal onset of a particular dimension of OCD symptoms focusing on close interpersonal relationships (relationship-OCD, i.e., ROCD) within a general population sample. Specifically, we assessed whether symptoms of Parent-Child ROCD (PC-ROCD), may onset postnatally, thus yielding symptoms of Parent-Infant ROCD (PI-ROCD). We adapted the previously validated Parent-Child ROCD measure for use during infancy to assess symptoms of PI-ROCD. The adapted measure, Parent-Infant Relationship Obsessive Compulsive Symptoms Inventory (PI-PROCSI), was administered to 143 mothers from the general population at 4-months postpartum. We investigated concurrent associations between postnatal onset of PI-ROCD, maternal depression and bonding, as well as longitudinal predictive associations with observed maternal and infant behaviors in dyadic interactions at 10 months. Due to dropout across the 1st year postpartum, the subsample with longitudinal data was substantially reduced compared to the full sample. PI-PROCSI scores explained unique variance in concurrent maternal depression over and above concurrent anxiety. PI-PROCSI scores also associated with concurrent impairments of maternal bonding. Moreover, unique associations emerged between maternal PI-ROCD scores and perturbations in both maternal and infant observable behaviors at 10-months. Specifically, observable perturbations in maternal behaviors mediated associations between symptoms of PI-ROCD at 4-months and observable infant avoidance of social engagement behaviors at 10-months. Findings suggest that parent-child ROCD symptoms may onset during the postnatal period, and that such symptoms may play a significant role in shaping quality of reciprocal caregiver-infant interactions. Theoretical and clinical implications are discussed.

Keywords: parent-infant relationship, parent-infant relationship obsessive compulsive disorder, perinatal mental health, maternal bonding, maternal behavior


INTRODUCTION

Decades of research have established the importance of the early caregiving environment in laying foundations for optimal infant brain development and long-term social and emotional outcomes [for reviews see, (1, 2)]. Specifically, studies reveal that development of infant socioemotional skills and underlying brain maturation occur primarily within the context of the early caregiver-infant relationship, via cumulative experience of ongoing reciprocal caregiver-infant interactions [e.g., (3–5)]. As such, factors that interfere with the reciprocal nature of these interactions have attracted a great deal of empirical attention (6–8).

Abundant research reveals remarkable impact of maternal mental health in shaping both maternal and infant behavior within dyadic interactions [for reviews, e.g., (9, 10)]. Perinatal research has demonstrated postnatal onset of various conditions including maternal postpartum depression, anxiety and postpartum Obsessive Compulsive Disorder (OCD). Research documents significant prevalence of these conditions (13–19%, 8.5%, and 9%, respectively), (10–13), their detrimental impact on maternal levels of bonding with her infant [e.g., (14–18)], related substantial perturbations in observed maternal behavior and associated negative infant outcomes [for reviews, e.g., (9, 10, 19–21)].

Recent literature on older children and their parents has identified a specific dimension of parental OCD [partner-focused Relationship Obsessive Compulsive Disorder; (22–24)], that arises within the parent-child relationship and may impact the quality of the emerging parent and infant relationship. Relationship obsessive-compulsive disorder (ROCD) refers to a presentation of OCD focusing on close interpersonal relationships (25). Partner-focused ROCD symptoms is a form of ROCD denoting disabling preoccupation with perceived flaws of the partner (26, 27).

Findings suggest that ROCD symptoms are associated with functional disability, as well as significant personal and relationship distress [e.g., (25, 28, 29)]. Although previous research has established the existence of partner-focused ROCD within the parent-child relationship [e.g., (22–24)], no study has yet assessed whether the onset of parent-child ROCD (PC-ROCD) symptoms may arise during the postnatal period, thus culminating in Parent-infant ROCD (PI-ROCD) symptoms, and whether these might impact the mother and her emerging relationship with her newborn across the 1st month postpartum.

Partner-focused ROCD symptoms include intense preoccupation with the perceived flaws of the partner [e.g., (27, 30)]. Such preoccupations may center on a wide range of domains including physical features (e.g., nose, body-proportions), social qualities (e.g., social skills, humor), competence (e.g., being successful), and personality attributes such as morality, intelligence or emotional stability (24, 31). Partner-focused ROCD symptoms are also characterized by various compulsive behaviors including repeated checking (e.g., of the partner's behaviors or competencies), comparisons (e.g., between the partner's characteristics and those of others), neutralizing (e.g., visualizing positive situations in the relationship), and reassurance seeking (e.g., “I often seek reassurance from friends, family, etc. about whether my partner is smart enough”) (32).

Within the parent-child context, ROCD symptoms are characterized by parental preoccupation with the child's perceived flaws (23, 24). In a recent online study, for instance, 1.2% of 350 parents of children between the ages of 12–18 recruited from the general community in the US, reported spending above 3 h a day being preoccupied with the flaws in their eldest child's appearance, personality or aptitude. Further, 0.6% of parents reported that such preoccupation significantly interfered with their functioning, and 0.6% reported substantial associated distress (23).

Parents may experience unwanted intrusive thoughts, images or urges pertaining to their child's perceived flaws (e.g., memory of a specific instance where the child “failed”). Such intrusions trigger fears of future harm occurring to the child (e.g., s/he will be bullied in school) or distress of the mere occurrence of the thought (e.g., “I'm a bad parent for dwelling on this”). As PC-ROCD intrusions often contradict parental values (e.g., “All children should be accepted no matter their flaws”) they may also be associated with parental feelings of guilt and shame.

As in other types of OCD, PC-ROCD intrusions often provoke compulsive behaviors in order to alleviate the distress caused by the content or occurrence of the unwanted intrusion (22). PC-ROCD symptoms compulsions include repeated comparisons of the child qualities, behaviors or character to other children (including siblings), checking of the child's behaviors, and reassurance seeking regarding the child's perceived flaws or incompetency.

Parent-child ROCD symptoms in non-clinical samples have been associated with parental self-vulnerabilities (e.g., parental self-contingencies on specific domains such as intelligence and appearance) and over-reliance of parental self-worth on the child perceived value (24). ROCD symptoms focusing on the child's perceived flaws have also been strongly associated with parental distress and negative experience of parenting (23). Such symptoms have been associated with increased parental stress, as well as parental depression and anxiety over and above other parental OCD symptoms (23). Given the negative impact of parent-child ROCD symptoms focusing on the child's flaws on parental well-being, it was suggested that such symptoms may be disruptive to both the quality of parent caregiving and to the quality of the parent-child relationship (23).

Indeed, research on children of parents with other types of OCD, reveal that these children often experience difficulties within the relationship with the symptomatic parent (33, 34). Compared to healthy controls, mothers with OCD were found to express less warmth toward their children, show more criticism, and promote less psychological autonomy as observed in interactions with their child at the ages of 7–14 years (33). At 6 months postpartum, mothers with OCD were less sensitive to their infants (20). Furthermore, at the ages of 7–18 years, parental OCD symptoms appears to increase risk for child psychopathology—including both symptoms of depression and anxiety (35). One would expect to find similar and perhaps greater negative relational impacts in the specific context of PC-ROCD.


The Present Study

Consistent with previous findings suggesting OCD symptoms may onset during the postnatal period [(20, 36); for review see (37)], the objectives of the present study were 2-fold. Firstly, we examined whether PC-ROCD symptoms may onset within the general population during the postnatal period, thereby yielding symptoms of Parent-Infant ROCD (PI-ROCD).

Although PC-ROCD symptoms have been suggested to occur early in the parent child relationship (23), no research has examined potential onset of these symptoms within the general population as early as infancy. To this end, we adapted the previously validated parent-child Partner-focused Relationship Obsessive Compulsive Symptoms Inventory [PROCSI-PC; (23)], for use in the parent-infant context (PI-PROCSI). We employed the items that comprise the previously validated PROCSI-PC questionnaire, in addition to 3 additional items which we hypothesized would be particularly relevant for parenting during infancy. To attain our specific study aims, and in line with previous reports which demonstrated ROCD symptoms in non-clinical populations (24, 31), we administered the adapted Parent-Infant Partner-focused Relationship Obsessive Compulsive Symptoms Inventory (PI-PROCSI) in a general sample of mothers at 4-months postpartum, and employed a sample size sufficient for conducting reliable Factor Analysis (38, 39). We employed exploratory factor analysis (EFA) and confirmatory factor analysis (CFA) to examine the factor structure of the ROCD measure which was adapted for use in the parent-infant context.

Second, we examined the potential impacts of PI-ROCD symptoms on mother, infant, and the emerging relationship between the two. Specifically, given the focus of PI-ROCD on perceived flaws of the infant, we sought to examine whether increased symptoms of PI-ROCD might associate with impaired maternal bonding toward her infant (i.e., mother's warm and positive emotions and thoughts toward her infant). Maternal bonding has been shown to be an important precursor of supportive parenting (40, 41).

Furthermore, we sought to examine whether symptoms of PI-ROCD measured at 4-months postpartum, would translate into observable perturbations in maternal behavior within dyadic interactions with her infant at the age of 10-months. Specifically, given maternal preoccupation with infant flaws, and compulsive seeking of reassurance regarding perceived flaws and incompetency—we expected PI-ROCD symptoms to associate with increased maternal expression of criticism (or decreased praising) within dyadic interactions.

Finally, we expected maternal criticism to elicit infant avoidance of social engagement with mother thereby exerting detrimental impact on the ongoing reciprocal nature of dyadic interactions. Moreover, we sought to assess whether perturbations in maternal behaviors (in the form of impaired praising or increased criticism), would mediate predictive associations between symptoms of PI-ROCD at 4-months and infant avoidance of social engagement with mother at 10-months. Initial evidence for a longitudinal pathway of risk within the general population, from early postnatal symptoms of PI-ROCD to perturbed infant behavior toward the end of the 1st year of life, would underscore the relevance of the identified factors and emphasize the need for future research aimed at replicating and extending the present report to complete validation of an early screening tool in a large-scale heterogenous sample comprised of both non-clinical and clinical populations. The mediating role of maternal behavior, would inform preventive interventions, suggesting that detrimental impact of PI-ROCD symptoms on infant social engagement with mother may be ameliorated by targeting maternal behavior—thus further underscoring the potential benefit of future validation of early screening tools.

Postpartum symptoms of depression and anxiety tend to co-occur with OCD [e.g., (42, 43)], and have been found to exert detrimental impacts on the emerging mother and infant relationship [for reviews see e.g., (9, 21)]. Thus, in the present study, we sought to assess the unique potentially detrimental effect of PI-ROCD symptoms on both mother and infant above and beyond comorbid postnatal symptoms of maternal depression and anxiety.




MATERIALS AND METHODS


Participants and Procedure

The current sample was comprised of a general population sample of 143 Israeli women recruited during the third trimester of pregnancy as part of a broader longitudinal study.

Data were collected at two study timepoints. At 4-months postpartum (Infant Mean age = 4.34 months, SD = 0.55), participants were visited in their homes. Self-report questionnaires assessed maternal level of depression and anxiety [ASR; (44)], parent-infant ROCD symptoms (PI-PROCSI), as well as levels of maternal subjective bonding with the baby [PBQ; (45)]. At 10-months postpartum (Infant mean age = 9.91 months, SD = 1.21), a 5-min mother-infant freeplay interaction was videorecorded during a laboratory visit for the assessment of maternal and infant behaviors (i.e. maternal level of praising/criticism toward her infant, and level of infant social disengagement from mother).

Out of all participants, one had missing data for maternal depression and anxiety, 13 had missing data for the maternal bonding measure and 45 have missing data for observed maternal and infant behaviors, due to dropout. At time of recruitment, mothers were aged between 20 and 44 years (M = 31.71, SD = 3.93); had between 10 and 21 years of education (M = 15.56, SD = 2.30). The majority of mothers (81.4%) were born in Israel; had between 1 and 4 children (M = 1.62, SD = 0.80); 51.7% male. The study was approved by the author's Institutional Review Board (IRB) and all participants provided their written consent.



Measures
 

PI-ROCD Symptoms 4-Months Postpartum

The parent-infant version of the PROCSI (PI-PROCSI) is an adapted version of the previously validated Parent-Child-Related Obsessive-Compulsive Symptoms Inventory [PC-PROCSI; (23)]. The adapted measure is comprised of the PROCSI-PC items which were re-worded to refer to “infant” instead of “child.” In addition, three items were added to assess sleeping and eating patterns (e.g., “I seek reassurance from friends, family, etc. about whether my baby's sleeping/eating patterns match his age”) and general development (e.g., “I keep looking for evidence that my baby's development in various fields is normal”). The resulting 32 item Parent-infant Partner-focused Related Obsessive-Compulsive Symptoms Inventory (PI-PROCSI) was administered to participants. Participants rated the extent to which such thoughts/behaviors describe their feelings on a scale ranging from 0 “not at all” to 4 “very much”). In line with taxometric studies of OCD indicating that symptoms are better conceptualized as continuous (46), Continuous ROCD scores were calculated, with higher scores indicating more symptoms.



Maternal Levels of Depression and Anxiety 4-Months Postpartum

Maternal postpartum depression and anxiety were assessed using the Achenbach Adult Self-Report (ASR) of the Achenbach System of Empirically Based Assessment (ASEBA) (44). Comprised of 126 items, mothers rated their emotional/social/behavioral problems, on a 3-point Likert scale. We calculated T-scores of the DSM-oriented Depression and Anxiety scales. Higher scores indicate more symptoms.



Maternal Bonding With Her Infant at 4-Months Postpartum

Maternal bonding with her infant was assessed using the Postpartum Bonding Questionnaire [PBQ; (45)] which detects relationship disturbances as expressed by maternal hostility, aggression, lack of emotion, and rejection toward her infant. The original questionnaire consists of 25 statements rated on a 6-point scale with higher scores indicating healthier bonding. Two items were omitted from the current study because of their low reliability reported in the literature (47). Total scores were calculated as an average of all remaining 23 items.



Observed Maternal Behavior at 10-Months Postpartum

Level of maternal expression of praising/criticism toward her infant was coded offline by two experienced coders from a 5-min video-recorded freeplay interaction collected during a laboratory visit at the age of 10 months. Mothers and infants were seated on a playmat with a fixed set of age-appropriate toys. Mothers were instructed to “play with her infant as she normally does.” The researcher waited in a control room. Three synchronized video cameras were used to videorecord the freeplay interactions allowing for detailed and accurate coding of maternal and infant behavior offline, using the Maternal Praising Scale of the Coding Interactive Behavior [CIB; (48)] coding scheme. This 5-point Likert scale refers to the extent to which mother provides verbal praising to infant's behavior, when appropriate, for example when infant achieves a goal or makes an effort.



Observed Infant Social Engagement With Mother at 10-Month Postpartum

Level of infant social engagement with mother was coded offline by two experienced coders from the same 5-min freeplay interaction described above. Infant social engagement was indexed using the following 5-point Likert scales of the Coding Interactive Behavior [CIB; (48)] coding scheme: “Infant social initiation” (i.e., the extent to which the infant initiates a social bid toward mother; “Infant gaze toward mother” (i.e., the extent to which infant gaze turned toward mother or toward an object in joint attention with mother); “Infant vocalization” (i.e., all positive vocalizations directed toward mother); “Infant positive affect” (i.e., infant expression of laughs, smiles, and vocalizations indicating positive engagement with mother). A mean composite score of all four scales was calculated, due to significant positive correlations between the four (all r's > 0.41, all p's < 0.01).

A subsample of comprising of 20% of the videos were double coded for calculation of inter-rater reliability yielding 90.9% agreement between raters for maternal praising and 87.42% for the infant social engagement composite. Kappa tests for each of the observed variables indicated high reliability as follows: maternal Praising = 0.860 p < 0.001, Infant social initiation = 0.820 p < 0.001, Infant Gaze toward mother = 0.939 p < 0.001, infant Vocalization = 0.538 p < 0.001, and Infant Positive affect = 0.757 p < 0.001.




Data Analytic Strategy

In order to test the factor structure of the items of the PI-PROCSI we conducted an exploratory factor analysis (EFA) with Promax rotation, in SPSS followed by a confirmatory factor analysis (CFA; AMOS, version 25.0). For the EFA, Items that showed low loading (<0.4) or cross-loading (<0.2) were removed from analysis. Based on criteria of eigenvalue>1 and scree plots, the number of factors was selected and labeled by content. First-order and second-order theory-based models were then entered separately into a confirmatory factor analysis (CFA; AMOS, version 25.0). Goodness of model fit was determined based on the comparative fit index (CFI), the root-mean-square error of approximation (RMSEA) and the standardized root mean square residual (SRMR).

Next, pearson correlations were conducted between all study variables, including demographics, followed by a series of hierarchical regressions. Bonferroni corrections were performed to address issues of multiple comparisons. First, we examined the predictive role of the PI-PROCSI factors in predicting concurrent depression, above and beyond anxiety. Second, we examined the predictive role of the PI-PROCSI factors in predicting concurrent anxiety, beyond depression. Lastly, we examine the predictive value of the PI-PROCSI factors in predicting concurrent bonding, beyond depression and anxiety. Control variables were entered in the first step while PI-PROCSI factors were entered in the second step.

Finally, we tested the indirect effects separately for each of the PI-PROCSI factors to explore whether maternal praising behavior at 10 months mediated the link between PI-PROCSI at 4 months and infant social engagement at 10 months. A 95% bootstrap confidence interval (CI) were obtained for the indirect effects. The bootstrap CI was generated by using the percentile bootstrap estimation method and 2,000 bootstrap samples. An index of mediation that is different from zero (i.e., 95% bootstrap CI does not include zero) indicates the significance and strength of the indirect effect.




RESULTS


PI-PROCSI Factor Structure and Psychometric Properties

As expected in a general population sample, initial scanning of the PI-PROCSI data revealed a positively skewed distribution. A square root transformation was therefore performed. All 32 items were included in an exploratory factor analysis (EFA) with Promax rotation. Ten items showed low loading or cross-loading and were thus removed from analysis. Based on criterion of eigenvalue > 1 and scree plot, the remaining 22-items were grouped into eight factors, which explained 68.40% of the total variance. All items loaded above 0.63 on their primary factor; none of the secondary loading exceeded 0.28. One of the factors was comprised on a single item and was therefore removed.

The seven factors of the 21-item version of the PI-PROCSI were labeled based on the focus of their obsessive-compulsive symptoms. Five factors referred to maternal obsessive preoccupations with infant's current state: (1) compulsions related to development; (2) distress from obsessions related to development; (3) parental perception of infant's physical appearance; (4) the extent to which parent perceives infant's sleeping and eating patterns as “normal;” (5) the extent to which parent feels an urge to “compare” her infant to other babies.

The two remaining factors referred to parental preoccupation with infants' future development: (6) the extent to which infant would develop into a moral person and (7) the extent to which infant would be competent/successful in the future (see Figure 1 for factors and loadings).


[image: Figure 1]
FIGURE 1. Confirmatory factor analysis model of PI-PROCSI. Error variance and covariance are omitted. Factor loadings were obtained using principal components extraction with promax rotation (N = 143).


We used confirmatory factor analysis (CFA; AMOS version 25.0) to test model fit of the EFA factor structure. CFA results were evaluated using the χ2 statistic the root mean square error of approximation (RMSEA), the standardized root mean square residual (SRMR) and comparative fit index (CFI). The seven factor model showed good fit (CFI = 0.95, RMSEA = 0.04, SRMR = 0.06).

Since parents tend to be preoccupied with their infants' current and future development, we also tested a two-factor second-order structure including obsessive preoccupation regarding current infant development and those regarding his/her future (PI-PROCSI current and future development, see Figure 1). This model showed acceptable fit (CFI = 0.94, RMSEA = 0.05, SRMR = 0.07) with adequate reliability scores for both second-order factors (Cronbach alpha = 0.88 and 0.81 for the PI-PROCSI current and future development factors, respectively).

The final scale comprised of 21 items that can be coded either as a seven-factor scale or a two-factor scale. The more specific seven-factor coding might be useful for clinical applications, whereas the two-factor coding might be useful for empirical investigations, and was used in the current study (PI-PROCSI Current development Mean = 0.73, SD = 0.55, Median = 0.63, Range = 3; PI-PROCSI Future development Mean = 0.67, SD = 0.71, Median = 0.40, Range = 3.6).



Correlations of PI-PROCSI Symptom Scores at 4-Months With Maternal Demographics, Concurrent Symptoms of Depression and Anxiety, Concurrent Maternal Bonding, and Observed Maternal and Infant Behaviors at 10 Months

Pearson correlations were calculated between all variables (see Table 1). PI-PROCSI “current” and “future” factors (i.e., symptoms referring to preoccupation with current and future development of the infant) were positively related to concurrent symptoms of maternal depression and anxiety. PI-PROCSI current and future factors were also negatively related to concurrent maternal bonding revealing links between maternal symptoms of PI-ROCD and impaired bonding toward her infant.


Table 1. Correlations matrix between demographic variables, PI-ROCD (PI-PROCSI current and future development), maternal depression and anxiety (ASR), maternal bonding (PBQ), and maternal praising and infant social engagement (CIB).
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In addition, symptoms of PI-PROCSI future (i.e., preoccupation referring to future development of the infant), were longitudinally predictive of both maternal behavior and infant social disengagement from mother. Specifically, maternal preoccupation with future development of her infant at 4 months, predicted decreased expression of maternal praising toward her infant at 10-months as well as decreased infant social engagement with mother.



Incremental Predictive Value of the PI-PROCSI Symptom Scores in Predicting Concurrent Symptoms of Anxiety and Depression

Hierarchical regression was performed to assess the incremental predictive value of the PI-PROCSI- current and future development scores in predicting concurrent parental depression over and above maternal anxiety. Symptoms of PI-PROCSI current development significantly predict concurrent depression over and-above symptoms of PI- PROCSI future development and maternal anxiety (R2 change = 0.03, p < 0.016). Symptoms of PI-PROCSI future development, did not predict concurrent depression, beyond symptoms of PI-ROCD current development and maternal anxiety (R2 change = 0.00, ns). Similarly, symptoms of PI-PROCSI current and future development did not significantly predict concurrent anxiety over and-above maternal depression at 4-months (R2 change = 0.00, ns for both PI-ROCD current and future).



Concurrent Associations Between PI-PROCSI Symptom Scores and Maternal Bonding at 4-Months

Hierarchical regression analysis examined associations between PI-PROCSI symptoms and concurrent maternal bonding over and above concurrent symptoms of maternal depression and anxiety. Results showed that higher symptoms of PI-PROCSI current development were significantly negatively associated with maternal bonding (R2 change = 0.05, p < 0.016, see Table 2). PI-PROCSI future development scores, however, did not contribute significantly to the model (R2 change= 0.00, ns).


Table 2. Regression of maternal bonding on PI-PROCSI current and future development, maternal depression and anxiety (N = 129).
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Associations Between PI-PROCSI Symptoms at 4-Months and Infant Social Engagement Behaviors at 10-Months: the Mediating Role of Maternal Praising Behaviors at 10-Months

Mediation analyses yielded a significant indirect link between PI-PROCSI future development symptom scores at 4-months and decreased infant social engagement behaviors at 10-months. Specifically, higher symptoms of PI-PROCSI future development were associated with lower levels of maternal praising at 10-months that, in turn, predicted higher levels of infant social engagement behaviors at 10-months, above and beyond maternal depression and anxiety (βindirecteffect = −0.22; SE = 0.08; bootllCI−0.41 bootllCI−0.08, p < 0.016; see Figure 2). No mediation effects were found for maternal praising in mediating associations between symptoms of PI-PROCSI current development at 4-months and infant behaviors at 10-months (βindirecteffect = −0.19; SE = 0.13; bootllCI−0.51 bootllCI.01, ns).


[image: Figure 2]
FIGURE 2. Standardized regression coefficients between PI-PROCSI future development at 4 months and infant social engagement at 10-months mediated by maternal praising at 10-months, controlling for maternal depression and anxiety at 4-months (N = 97).





DISCUSSION

Decades of research findings have established that reciprocal caregiver-infant interactions play a key role in socioemotional development and underlying maturation of the infant brain [for reviews see, (1, 2)]. As such, research on perinatal maternal mental health has drawn substantial empirical attention demonstrating the potential interference of maternal postpartum pathology on the reciprocal nature of these interactions [for reviews, e.g., (9, 10)]. The particular detrimental and long-lasting effects of postpartum depression, for instance, have been well-documented—yielding impressive public awareness and assimilation of preventive policy within perinatal health care systems [e.g., (49)]. Comparatively less attention has been paid to postnatal anxiety symptoms, and even less to the specific risk for postnatal onset of OCD symptoms.

While previous literature has evidenced postnatal onset of OCD symptoms [(20, 36) for review see (37)], the present study is the first to examine postnatal onset of a particular dimension of OCD symptoms focusing on interpersonal relationships—relationship OCD (ROCD), within the general population. Indeed, close to a decade of research has linked ROCD symptoms with significant disability and interference in romantic [e.g., (25–27, 29, 31, 50)] and parent-child relationships (23, 24). The present study, therefore, investigated the associations between postnatal onset of ROCD symptoms and caregiver-infant interactions.

In order to do this, we first adapted the previously validated measure of Parent-Child ROCD [PROCSI-PC; (23)], for use in the parent-infant context (Partner-Infant Relationship Obsessive Compulsive Symptoms Inventory; PI-PROCSI). The adapted measure was found to be internally consistent, and factor analysis indicated two global factors or seven more content specific factors. Evaluating the incremental predictive value of PI-PROCSI symptomology, we found that PI-PROCSI symptom scores explained unique variance in concurrent maternal depression over and above concurrent maternal anxiety. Our results also revealed significant links between PI-PROCSI scores, concurrent impairments of maternal bonding and predictive associations with observable perturbations in both maternal and infant behaviors within dyadic interactions. The latter observable, longitudinal, effects of parent-infant ROCD symptoms on maternal and infant behaviors held above and beyond those of maternal depression and anxiety. Taken together, the present report provides initial evidence for postnatal onset of PC-ROCD symptoms and identifies factors that should be included in future validation of a PI-ROCD screening measure. Initial evidence for predictive value of the identified factors suggest that the PI-PROCSI may capture a distinct theoretical construct which may play an important role in the shaping of reciprocal caregiver-infant interactions, thus underscoring the need for future validation of the PI-ROCD screening measure.

Moreover, the findings from our study delineate a mediating mechanism for the longitudinal pathway of risk through which parent-infant ROCD symptoms might interfere with the ongoing reciprocal nature of interactions between mother and her infant. Specifically, our results indicate that perturbations in maternal behaviors (in the form of impaired praising or increased criticism), mediate predictive associations between symptoms of PI-ROCD at 4 months and infant avoidance of social engagement with mother at 10-months. These findings emphasize the need for early screening and inform the planning of preventive interventions, suggesting that targeting maternal behaviors may effectively moderate risk.

This present study had a number of limitations. First, we lack the assessment of fathers and were thus unable to examine the father's role in the interplay between maternal ROCD symptoms and the mother-infant relationship. Second, we assess symptoms of ROCD only across the first 4 months postpartum. Repeated measurement of PI-ROCD across the entire postpartum period is necessary to delineate the exact onset and time course of symptomology. Third, the present study employed a relatively small homogeneous non-clinical sample, in which symptom scores were positively skewed, variability was small and the majority of subjects reported a very low symptom severity. Noteworthy, the use of non-clinical populations within OCD research in general (51), and ROCD research in particular, is a common practice (24, 27). Previous OCD literature reveals substantial impairments in non-clinical populations [e.g., (52)], and previous ROCD literature reveals that ROCD symptoms are associated with OC related beliefs in both clinical and non-clinical samples (24, 27, 31). Accordingly, taxometric studies of OCD have found that OCD symptoms and OC related beliefs are better conceptualized as continuous and dimensional rather than categorical (46). Indeed, the present study examined potential obsessive compulsive symptoms in the general population, but not a clinical diagnosis of a specific type of OCD. The present non-clinical sample displayed significant associations between ROCD symptoms and both maternal and infant behaviors. These findings suggest that non-clinical levels of ROCD symptomology may warrant substantial preventive efforts—as these may exert meaningful negative effects on the emerging relationship between a mother and her infant. Nonetheless, individuals with clinical diagnosis of ROCD may differ from non-clinical participants in symptom severity and the degree of impairment (24). Future large scale validation in a heterogenous sample is necessary for the identification of clinical cutoff levels and prevalence of PI-ROCD diagnosis, as well further research within clinical samples as well.

Finally, while some suggest that the currently employed sample size is sufficient for conducting reliable factor analysis in line with the present preliminary study aim (38, 39, 53), it is generally accepted that a larger sample size would be required to increase stability of our result (54). Thus, complete validation of the PI-PROCSI based on the identified factors, requires future replication and extension in a largescale heterogenous sample comprised of both non-clinical and clinical populations (55). A larger sample is further warranted given the relatively high dropout rate evidenced in the present study. Literature reviewing perinatal research indicate comparable dropout rates ranging from 20 to 35% in non-clinical samples [e.g., (56)], and dropout rates appear to be particularly high in studies employing observational methods [e.g., (57)]. While dropouts did not differ from remaining subjects, with respect to anxiety, depression or bonding, they did however appear to have higher levels of PI-ROCD symptoms for future development relative to non-dropouts. This finding may indicate that mothers with relatively higher symptom scores of ROCD had more difficulty to continue study participation. The fact that the reported effects were found despite the dropout of mother's displaying relatively higher levels of symptomology, might suggest that effects may be stronger than presently demonstrated. Future replication studies need to further examine this possibility.

Taking these limitations into account, the current study has important theoretical and clinical implications pointing toward a novel avenue of research for perinatal mental health. Specifically, the results of our study implicate PI-ROCD symptoms in the caregiver-infant relationship. Specifically, preoccupation with the infant's future morality and competence may reduce praising, increase parental criticism leading to infant's avoidance of social engagement. This, in turn, may further increase parental fears and preoccupation with the child's morality and competence reinforcing a vicious cycle. Identifying and targeting parental fears and preoccupations with the future development of the child may promote healthier caregiver-child interaction.

Noteworthy, maternal preoccupations and concerns are extremely common during the postpartum period (often termed “primary maternal preoccupation”). Previous literature indeed reveals some resemblance in both content and character between typical maternal concerns and OCD symptoms during the postpartum period (58–60). Critically though, while typical maternal preoccupation generally exerts positive effects on maternal behavior (e.g., heightened sensitivity to infant cues, feelings of intense love and idealization of the infant), and preoccupation fade gradually without treatment in the first few months, OCD symptoms have been found to have negative effects for the infant and if left untreated, may have a long-term course and effect (61). In line with this, the finding of significant associations between ROCD symptoms and perturbations in both maternal and infant behavior—appear to suggest that ROCD symptoms measured in the present study index more than just typical postpartum preoccupation. Future research is necessary to directly assess links between ROCD and typical postpartum maternal preoccupation. Given the natural tendency of mothers to idealize their infant during the early postpartum period (61), even minor levels obsessive thoughts regarding infant flaws during the early postpartum period may exert particularly amplified effects.

Furthermore, there is likely high comorbidity between PI-ROCD symptoms and additional anxiety symptoms typical in the postpartum period. To this end, the current study explored ROCD symptoms, above and beyond concurrent maternal postpartum depression and anxiety. Findings reveal that ROCD symptoms uniquely contribute to maternal and infant behavior—above and beyond more general postpartum anxiety.

Finally, our findings also involve parent-infant ROCD symptoms in the development of post-natal depression. Indeed, previous research has shown parent-child ROCD symptom predict depression symptoms over and above other parental OCD symptoms (23). High comorbidity between postnatal depression and anxiety, have also brought authors to suggest that anxiety symptoms may play a particularly strong role in the etiology of postpartum depression [e.g., (43)]. Future research is necessary to assess whether the co-occurrence of PI-ROCD may potentially confer a worse prognosis than postpartum depression alone.
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Obsessive compulsive disorder (OCD) can manifest as a debilitating disease with high degrees of co-morbidity as well as clinical and etiological heterogenity. However, the underlying pathophysiology is not clearly understood. Computational psychiatry is an emerging field in which behavior and its neural correlates are quantitatively analyzed and computational models are developed to improve understanding of disorders by comparing model predictions to observations. The aim is to more precisely understand psychiatric illnesses. Such computational and theoretical approaches may also enable more personalized treatments. Yet, these methodological approaches are not self-evident for clinicians with a traditional medical background. In this mini-review, we summarize a selection of computational OCD models and computational analysis frameworks, while also considering the model predictions from a perspective of possible personalized treatment. The reviewed computational approaches used dynamical systems frameworks or machine learning methods for modeling, analyzing and classifying patient data. Bayesian interpretations of probability for model selection were also included. The computational dissection of the underlying pathology is expected to narrow the explanatory gap between the phenomenological nosology and the neuropathophysiological background of this heterogeneous disorder. It may also contribute to develop biologically grounded and more informed dimensional taxonomies of psychopathology.

Keywords: OCD, computational modeling, trans-diagnostic perspective, computational psychiatry, personalized treatment


1. INTRODUCTION

In this review, we assessed the evolution of the computational modeling efforts that aim to study some aspects of obsessive compulsive disorder (OCD) pathophysiology. The computational and theoretical investigations support the move from the currently used nosological classification toward trans-dimensional approaches (1). This trend is motivated by a necessity to gain a deeper and more biologically grounded understanding of the disease in order to develop personalized interventions. A more precisely defined micro-behavioral analysis is often able to leverage specific and more objective biomarkers than the currently used phenomenological observations in diagnostic procedures. We reviewed computational models which utilize non-linear differential equation systems, where some aspects of the pathological neural network dynamics can be represented by perturbation of the dynamical systems (2–7). Some supervised and unsupervised machine learning (ML) methods were integrated in the review, which are utilized for classification (8–13). A plethora of reinforcement learning (RL) articles and several diverse computational analysis studies are also reviewed (14–18). Both model-based and model-free RL are utilized to examine pathological aspects of goal-directed and habitual systems in OCD. Under certain circumstances, one approach may have more explanatory power than the other. However, the gap of this dichotomic separation between model-free and model-based learning approaches is perhaps narrower than suggested in earlier studies. Some recent investigations point toward more integrated forms of RL, which can exploit richer representations and can be utilized to better explain certain aspects of OCD pathology. In this review, we selected and integrated articles that utilized data-driven approaches, for example, to predict clinical outcomes or responses to treatment, as well as theory-driven attempts where the altered information processing is modeled as the cause of psychiatric symptoms at the behavioral and neuronal level (19). Table 1 summarizes the reviewed modeling/computational articles. Figure 1 is a schematic representation of some of the brain regions, which were included in the current review.


Table 1. Computational modeling studies on obsessive compulsive disorder (OCD) patient groups.
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FIGURE 1. Summary diagram of brain regions which were included in obsessive compulsive disorder (OCD) computational studies. The included studies are cited in a box next to the brain region. ACC, anterior cingulate cortex; PFC, prefrontal cortex; mOFC, medial orbitofrontal cortex; DLPFC, dorsolateral prefrontal cortex; CSTC, cortico-striatal-thalamic-cortical; VTA, ventral tegmental area.




2. DYNAMICAL SYSTEMS APPROACH

Several computational approaches utilizing dynamical systems have been developed, which can provide mechanistic insights about pathological neural dynamics in OCD. In these modeling frameworks, coupled non-linear differential equation systems were manipulated and perturbed. The solutions of these non-linear dynamical systems can exhibit a steep attractor state (e.g., fixed-point attractor), which can mimic states of perseveration, obsessions, and compulsions (2, 3, 46). Rumination or recurring chains of thought and stereotypical movement patterns were also modeled with non-linear differential equations where the solution of the dynamical system results in heteroclinic chains of meta-stable clusters and possible sequential chains of attractor basins (20, 21). Maia et al. (54) gave a comprehensive review on the neuropathological correlates and etiology of childhood and adult OCD. Verduzco-Flores and colleagues described their differential equation system as a model of working memory with increased stability of states or sequences, implicated to be associated with OCD (4). As a reflection on Verduzco-Flores' work, Maia pointed out that reduced inhibition does not map well to any known disturbance in OCD. However, what perhaps matters in the model is the balance between excitation and inhibition. Thus, the same pathological dynamics should occur with increased excitation and that would be consistent with evidence of glutamatergic hyperactivity (47, 55).

Other computational studies found that changes in the excitatory and inhibitory balance pushes a cortico-striatal-thalamo-cortical (CSTC) pathway to states of generalized hyper-activity. Certain changes in global E/I and specifically in the local inhibition may trigger network oscillations and generate hyper-activity throughout the entire CSTC pathway in OCD (5, 6). This framework was further developed and analyzed by taking into account the functional and structural network changes of the CSTC circuit in the schizo-obsessive population (7). The study predicted the importance of pathological activity propagation between the ventral and dorsal striatum, and highlighted other disruptive mechanisms in the CSTC pathway which could result in pathological repetitive behavior in this heterogeneous population.



3. SUPERVISED AND UNSUPERVISED ML APPROACHES

Several computational studies utilizing ML techniques investigated certain aspects of neuropathophysiology and symptom phenomenology by analyzing and classifying OCD patient data. We review some of them.

A study using Random Forest decision trees found that clinically useful predictions of remission may not require an extensive battery of measures. A small set of assessments may efficiently distinguish between higher and lower risk OCD patients to inform clinical decision-making (9). Relevant predictors of suicide attempts by OCD patients were examined with Elastic net regression, a linear combination of Lasso and Ridge methods. Previous suicide planning, previous suicide thoughts, lifetime depressive episodes, and intermittent explosive disorder symptoms were found to be relevant predictors (10). Applying Support Vector Regression (SVR) identified gray matter volumes in the cortical-subcortical loops to predict OCD symptom severity. The left medial orbitofrontal cortex (OFC) and the left putamen gray matter volume were identified as neurobiological markers. The same study demonstrated that the best predictors of the “sexual/religious” OCD dimensions were the left medial OFC, right lateral OFC, and left anterior cingulate cortex (ACC) (25). Four different ML algorithms performed well as compared to multivariate logistic regression, in the prediction of treatment response to Internet-delivered cognitive behavior therapy (ICBT) for pediatric OCD treatment. The methods used were a linear model with best subset predictor selection, Elastic net (Lasso only), Random Forest, and Support Vector Machine (SVM) (23). In another integrative study, SVM and naïve Bayes methods identified predictors of diagnostic outcomes in patients with early onset OCD (12).

To identify brain regions relevant for OCD diagnosis, bagged linear SVMs were applied to structural MRI (sMRI) data for discrimination across 86 OCD patients and 86 control subjects. 39 brain regions were identified showing the largest differences between OCD patients and healthy controls and 36 of those were located in the frontal, temporal, and parietal cortices or in subcortical structures (11). A multivariate SVM method was also applied to fractional anisotropy of white matter using diffusion tensor imaging (DTI) on 28 OCD patients and 28 healthy controls. Successful discrimination was based on bilateral prefrontal and temporal regions, the inferior fronto-occipital and superior fronto-parietal fasciculi, splenium of corpus callosum, and the left middle cingulum bundle (24).

OCD is a heterogeneous disorder with varied symptom presentations, each of which may relate to distinct neuropsychological features. Traditionally, this heterogeneity was approached by using a symptom-based evaluation, but an alternative can involve focusing on underlying symptom motivations (8). Note that 60–70% of OCD patients also can experience sensory phenomena, consisting of uncomfortable sensations or perceptions that may drive compulsions. Supervised ML methods (Random Forest, SVM, and K-nearest neighbor) were tested in one set to discriminate between OCD patients and healthy controls and another set to discriminate between OCD patients with sensory phenomena, without sensory phenomena and healthy controls. All three ML methods performed better than logistic or multimodal regression on the same datasets. Decision-making measurements best distinguished between groups based on sensory phenomena (8).

With unsupervised learning, a combination of Principle Component Analysis (PCA) and a K-means clustering algorithm was utilized to separate subgroups in the compulsive-impulsive dimensions. Clustering converged to yield four subgroups: low compulsivity–low impulsivity group; two groups showing roughly equal clinical severity, but with opposing dimensions (i.e., high compulsivity and low impulsivity, and vice versa); and the fourth with both high compulsivity and impulsivity and recording the highest clinical severity. The largest cluster of individuals with OCD was characterized by high impulsivity and low compulsivity (28). The identification of these subgroups might have potential implications for OCD treatment.

A recent study based on multi-level brain imaging and behavioral data from children using the Random Forest classification algorithm identified four new brain-behavior groups cutting across neurodevelopmental disorders such as autism spectrum disorder, OCD, and attention-deficit/hyperactivity disorder (13). It was demonstrated that children within these groups had more similar profiles on brain and behavioral measures than found among conventional diagnostic groupings (13).



4. REINFORCEMENT LEARNING: GOAL-DIRECTED AND HABITUAL SYSTEMS

Another class of models were developed to simulate goal-directed behavior, where OCD patients may have impairment. Deficits in goal-directed control implies vulnerability for developing rigid habits (16). These models are usually computationally formalized as a type of RL (56) and can be regarded formally as dynamical systems as well (46).

Model-based RL learns to represent the environment for goal-directed predictions and allows learning to guide actions most accurately, at the expense of high computational and energy costs. Model-free RL optimizes dynamics and heuristics for habit learning without external representations and it demands less computational and memory resources, but is inflexible and generalizes poorly (15).

In healthy cohorts, individual differences in model-based learning predicted sensitivity to outcome devaluation, suggesting that an associative mechanism underlies a bias toward habit formation. But no evidence was found of a causal relationship between model-free learning and devaluation sensitivity (15).

Most previous work focused on distinguishing between only two RL systems: model-based and model-free RL (14), as prototype extremes. Recent evidence shows that there are likely several parallel systems present in the brain, which are involved in OCD pathology and their dynamics is best captured by a mixture of RL algorithms (18, 53). It has been suggested that model-free learning might simply be an imperfect formalization of habit-learning (1). A review article proposed that inflexible reliance on habit in OCD may reflect a functional weakness in the mechanism for context-appropriate dynamic arbitration between model-free and model-based decision-making (52). Thus, re-consideration is needed about this model-free/model-based dichotomy. For example, it was found that model-free spatial-motor outcome-irrelevant learning generalized across distinct state features (31, 53). In a meta-study of juvenile OCD (53), subjects had difficulties in model-based complex decision-making and set shifting. However, unlike adults, there was only limited evidence for pathologies such as distorted habit formation.

Model-based (over model-free) strategies were found to be positively correlated with gray matter volume in the ventromedial prefrontal cortex (PFC) and caudate, regions that are critical for goal-directed control (15, 17). Dysfunctional caudate hyperactivity was shown in OCD patients when performing habits (15, 57). In a healthy population, ventral striatal presynaptic dopamine levels reflected a balance in behavioral and neural signatures of model-free and model-based control. Higher presynaptic dopamine levels were associated with stronger coding of model-based information in lateral PFC and diminished coding of model-free prediction errors in ventral striatum (32).

In adults, stimulant addiction and OCD were associated with a significant shift in habit formation and this abnormality can be quantified as model-free learning. Lower gray matter volumes in the caudate, medial OFC, and lateral prefrontal cortices were associated with a greater shift toward model-free habit formation (17).



5. BAYESIAN APPROACHES FOR OCD

A plethora of studies have built on the idea that the brain implements Bayesian inference. This can be formalized in a Bayesian state-space model that aims to infer the current state of the environment by combining prior knowledge and current evidence, weighting each by its relative uncertainty. With this, learning is governed by the balance between uncertainty on state transitions and observational uncertainty (36).

Some theoretical works analyzed the assumption that OCD patients have excessive uncertainty regarding state transitions. In this case, high transition uncertainty results in increased relative weighting of prediction errors. This could explain findings of increased responses to predictable stimuli. The increased weighting of prediction errors seems more likely to be the result of high transition uncertainty than underestimation of sensory noise. Increased weighting of prediction errors are related to perceiving the world as more unstable. Further, the above alterations could account for sensory over-responsiveness in OCD, as well as the experience of intrusive thoughts. Overweighting of sensory data often implies an impairment in processing, as it leads to a failure of the use of prior information and less attenuation of sensory noise. As a further consequence, this can manifest in patients' experiences that actions were not performed correctly, obsessional thoughts, compulsions, and sensory over-responsiveness (37, 39).

Severe cognitive flexibility impairments in OCD have been described in several studies (49), although other computational works and meta-analysis pointed out that inflexibility in OCD is controversial (36, 58). A decreased reliance on the past, excessive uncertainty and an assigned lower weight to prior experience has been shown to lead to over-exploratory behavior. Also, OCD patients require longer response times, higher decision boundaries and more evidence in perceptual contexts with high uncertainties (43). Somewhat counterintuitively, OCD symptoms correlated with over-flexibility in another set of computational studies (36). Excessive uncertainty and distrust of past experiences rather than perseveration were identified and these results might challenge pre-conceptions of OCD as a disorder of inflexibility (36).

In a combined experimental and computational study, it was shown that OCD patients develop an accurate internal model of the environment but they use it less to guide behavior. This suggests a cognitive architecture that separately interprets the environment independently of performance (39). Different memory systems separately influence repeated decisions. In a study of perceptual dot motion decisions, Solway et al. found that both the actual choice made during the first decision episode as implicit memory and the choice people explicitly remember making influenced the subsequent decision. Transfers specifically driven by implicit memory were reduced in individuals with higher levels of OCD symptoms (41). Verbal recognition memory was also investigated as a function of OCD symptoms, using a drift-diffusion model selected with model evidence using a multi-level Bayesian framework (42). It was found that discriminability defined as how well one is able to tell the old vs. new stimuli apart was reduced as a function of OCD symptoms, and that the degree of impairment was larger for easier recognition decisions (42).



6. ADDITIONAL COMPUTATIONAL ANALYSIS OF NEUROPATHOLOGICAL CORRELATES

Enhanced activation in the fronto-cingulate system in OCD patients and task-related modulation of effective connectivity from the dorsal anterior cingulate cortex (ACC) to left dorsolateral PFC was demonstrated by using dynamical causal modeling (DCM) on patient fMRI data. These findings implicated an overactive error control system in OCD (35). Another method was utilized to characterize patients with OCD based on resting-state fMRI. The Riemann kernel PCA method extracted features from functional connectivity matrices and demonstrated stronger connections between basal ganglia and cortex and weaker cerebellum-related connections in OCD (29).


6.1. Insight

Patient insight in OCD is crucial. The diagnostic status of poor insight is ambiguous but is a key clinical factor that influences therapy outcome (59). Poor insight has been associated with earlier age-at-onset, longer duration of illness, and a more chronic course of OCD (60). Checking-related uncertainty was correlated with the level of insight in OCD patients (61). Information gathering was found to be related to indecisiveness, but not symptom severity in OCD (38). This absence of a correlation with symptom severity was implicated to be caused by an imprecise estimate of the OCD severity, which was related to a lack of insight in juvenile OCD (38).

OCD patients with good and poor insight (OCD-GI and OCD-PI) have partly distinct brain structural alterations (62). OCD-PI patients have decreased cortical thickness in the left superior frontal gyrus, left anterior ACC, and right inferior parietal gyrus, compared to both OCD-GI and healthy controls (62). It was also indicated that the OCD-GI group had significantly increased functional connectivity between the right anterior insula (AI) ← → left dorsal anterior cingular cortex (dACC) than healthy controls (63). The connectivity alterations between the AI ← → OFC and AI ← → ACC may be important neural correlates of insight in OCD and even in schizophrenia (7). Alterations have been demonstrated at the theta (θ) EEG band in a small-world network framework and these changes existed only in the OCD-PI patients but not in the OCD-GI patients. Thus, poor insight OCD may be associated with disruptive functional integrity in the brain functional network in the theta band (45).



6.2. Co-morbidity and Trans-dimensional Analysis

Trans-dimensional biologically grounded approaches to OCD symptoms are supported by the obvious existence of OCD sub-types. A shift from a categorized disease framework to a dimensional one may enable more personalized treatment choices (16). We list some examples of such approaches.

RL models were able to capture certain behavioral microstructure differences between stimulant use disorder (SUD) and OCD. Stimulus-bound perseveration is a measure of how a subject is responding to a repeated stimulus, irrespective of outcome. This measure was found to be significantly increased in SUD, but decreased in OCD, compared to controls. Individuals with SUD exhibited reduced reward-driven learning, while both the SUD and OCD groups showed increased learning from punishment. Dopamine receptor D2/3 agonists and antagonists had similar effects on OCD groups, as both increased punishment-driven learning (33). In addition, a pharmacological fMRI study of RL has shown an abnormally increased signaling of prediction errors in the anterior ACC. This effect was reduced by both a D2/3 agonist and an antagonist (30). Modeling results did not demonstrate the same effects but did show a marginally significant reduction in prediction error learning rates in OCD patients (30).

Another aspect of behavioral microstructure was analyzed by 2-level factor modeling in OCD patients. This modeling study found that heterogeneous symptoms (as quantified, e.g., in Yale-Brown Obsessive Compulsive Scale) reflect four underlying symptom dimensions with deviations from previous results (40).

Obsessions and compulsions might independently contribute to the pathophysiology (1, 16). An alternative possibility posits that rather than goal-directed avoidance behaviors, compulsions derive from manifestations of excessive habit formation (50, 51), thus obsessive thoughts may develop as a result of compulsive behavior. It has even been suggested that the acronym OCD be rearranged to COD (50). Compulsivity and impulsivity might be only partially independent dimensions, considering that patients with substance abuse can transition from impulsivity to compulsivity (16). A “Compulsive Behavior and Intrusive Thought” dimension has been described as deficits in goal-directed control and presented in multiple psychiatric disorders such as OCD, addiction, and eating disorders (16).

The neuropathophysiology of co-morbid OCD and schizophrenia was examined in a phenomenological computational model (7). It was found that cortical self-inhibition alterations (e.g., SSRI treatment) together with dopaminergic input to the striatum (e.g., anti-dopaminergic medication) has non-trivial complex effects on the network oscillatory behavior, with an optimal modulatory window. Also, the modeling results predicted that as a consequence of over-compensation of the primary pathology, emergence of the other disorder might occur (7).



6.3. Personalized Computational Approaches

The clinical implications of certain computational results suggest possible development of personalized medicine to identify and optimize specific therapies for individual OCD patients. We list some of those efforts. Pre-treatment functional connectivity patterns within the default mode network and visual network significantly predicted the effect of cognitive behavioral therapy (CBT) and post-treatment OCD severity. These networks were stronger predictors than pre-treatment clinical scores (64). Abnormally strong cingulate signaling was measured using fMRI during reward processing with OCD patients. Bidirectional re-mediation by dopaminergic modulation suggests that exaggerated cingulate error signals in OCD may be of dopaminergic origin (30).

Transcranial magnetic stimulation (TMS) has shown promise as an adjunct treatment for the symptoms of OCD (48). Quantitative EEG was found to be helpful for predicting TMS treatment response for OCD patients. Using artificial neural network (ANN) classifiers with Particle Swarm Optimization (PSO) it was found that repetitive TMS responders had higher pre-treatment theta band power at all electrodes than did the non-responders (27).

Therapy refractory OCD patients have benefited from deep brain stimulation (DBS). Optimal therapeutic results are associated with the activation of distinct fiber pathways. The stimulation of the right anterior middle frontal gyrus (DLPFC) has shown a positive response. Focused stimulation of specific fiber pathways, which allows stimulation with lower amplitudes, may be superior to activation of a wide array of pathways, typically associated with higher stimulation amplitudes (44). Closed-loop neuromodulation is an emerging field in DBS. Model-based prediction was proposed for an optimal sub-thalamic nucleus (STN) DBS on treatment-refractory OCD with a combination of a stochastic dynamical model and microelectrode recording datasets (22).

A recent meta-analysis using a Bayesian hierarchical model framework examined adverse effects of selective serotonin reuptake inhibitors (SSRIs) and serotonin-norepinephrine reuptake inhibitors (SNRIs) treatments in pediatric OCD and anxiety disorders. It was found that compared with SNRIs, SSRIs are more likely to produce activation such as insomnia, irritability, hyperactivity, and impulsivity. The results suggested that although SSRIs are superior to SNRIs and the treatment of choice, for those patients who become activated on SSRIs, SNRIs might represent a good second choice given their reported efficacy and lower risk of activation (34).




7. LIMITATIONS

There are computational contributions that were not included in the current work. The contents of the obsessive-compulsive symptoms (sexual, religious, aggressive, contamination) were only partially explored. Computational work with brain histology was also excluded. We did not include comprehensive aspects of the developmental trajectories of the disease (age of onset, etc.). Further reviews are necessary to follow and categorize this rapidly growing field.



8. CONCLUSION

To summarize, we reviewed some of the computational modeling efforts which were developed to explain certain aspects of OCD pathophysiology and symptomology. These models span from mechanistic dynamical systems approaches, across ML techniques which aim to integrate and classify patient data (including supervised, unsupervised models, RL), to include Bayesian model selection frameworks. We related the modeling evidence and results to diagnostic procedures, co-morbid states, and therapeutical consequences. In conclusion, computational psychiatry has powerful methods, which can arm psychiatrists with more quantitative tools (46). Although it is challenging to move from a phenomenologically based thought process to a dynamical approach, we claim that a phase transition in understanding psychiatric disease as dynamical pathologies is inevitable. To this end, computational/theoretical frameworks have been synthesized to capture how OCD symptoms can be further analyzed from a trans-diagnostic and computational perspective (1).
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Pathogenesis of obsessive-compulsive disorder (OCD) mainly involves dysregulation of serotonergic neurotransmission, but a number of other factors are involved. Genetic underprints of OCD fall under the category of “common disease common variant hypothesis,” that suggests that if a disease that is heritable is common in the population (a prevalence >1–5%), then the genetic contributors—specific variations in the genetic code—will also be common in the population. Therefore, the genetic contribution in OCD is believed to come from multiple genes simultaneously and it is considered a polygenic disorder. Genomics offers a number of advanced tools to determine causal relationship between the exposure and the outcome of interest. Particularly, methods such as polygenic risk score (PRS) or Mendelian Randomization (MR) enable investigation of new pathways involved in OCD pathogenesis. This premise is also facilitated by the existence of publicly available databases that include vast study samples. Examples include population-based studies such as UK Biobank, China Kadoorie Biobank, Qatar Biobank, All of US Program sponsored by National Institute of Health or Generations launched by Yale University, as well as disease-specific databases, that include patients with OCD and co-existing pathologies, with the following examples: Psychiatric Genomics Consortium (PGC), ENIGMA OCD, The International OCD Foundation Genetics Collaborative (IOCDF-GC) or OCD Collaborative Genetic Association Study. The aim of this review is to present a comprehensive overview of the available Big Data resources for the study of OCD pathogenesis in the context of genomics and demonstrate that OCD should be considered a disorder which requires the approaches offered by personalized medicine.

Keywords: genomics, genetics, obsessive-compulsive disorder, Big Data, genome-wide association study


INTRODUCTION

Obsessive-compulsive disorder (OCD) is a common disorder with a population prevalence of 2–3% (1). Moreover, up to 13% of adults experience some kind of obsessive-compulsive behaviors (OCB) during their lifetime (1). Obsessive-compulsive disorder has chronic course with child onset in 50–70% of cases, typically associated with significant impairment and comorbidity. The spectrum of obsessive-compulsive (OC) symptoms varies from non-bothersome intrusive thoughts and compulsive behaviors (OCB) to full-blown OCD. Irrespective of where someone falls along the spectrum, a primary contributing factor to this OC spectrum is dysregulation of neurotransmission, mainly the serotonergic system (2–4). Nevertheless, other factors have also been found to influence the occurrence of OCD (5, 6), in particular, brain injury (7), toxicity (8), infection, and autoimmunity, especially in context of pediatric autoimmune neuropsychiatric disorders associated with streptococcal infections (PANDAS) and pediatric acute-onset neuropsychiatric syndrome (PANS) (9, 10) and genetics (11). A number of candidate genes have been proven to play a role in pathogenesis of OCD, mainly related to serotonergic, glutamatergic, and dopaminergic pathways (12), but recent studies have demonstrated that OCD occurrence is multifactorial and probably is a consequence of gene/environment interactions (13, 14). Moreover, although it has been assumed that serotonergic mechanisms are important for OCD, this still needs to be empirically proven by unbiased genome wide association studies (GWAS).

A surge of new genetic technologies, such as GWAS, has enabled much more precise analysis of the genetic underprints of diseases. Genome wide association studies is an observational study of a genome-wide set of genetic variants in different individuals to determine if any variant is associated with a trait of interest (15). Genome wide association studies typically focuses on associations between single nucleotide polymorphisms (SNPs) and the outcome of interest. Consequently, SNPs are a substitution of a single nucleotide at a specific position in the genome that is present in a sufficiently large fraction of the population (16). Furthermore, blooming of advanced statistical and mathematical methods facilitate even more precise discoveries in the area of genetics. In particular, a method called Mendelian Randomization (MR) (17) enables establishment of casual relationship between genetically determined risk factors and the phenotype of interest, in this case, OCD. Moreover, by using external GWAS results with a list of SNPs that have reached genome wide significance and genotyping a particular individual it is possible to estimate genetic risk related to an outcome of interest. This risk is described as a numeric value denominated polygenic risk score (PRS) (18). Genome wide association studies, MR, PRS, and SNPs are the basic terms used in population genetics, the field of genetics that derives from epidemiological studies. Creation of research consortia that enable agglomeration of more and more data is a key mechanism that facilitates research in this area. At the same time, scientists are facing the problem of too many data that, due to its huge volume, are denominated Big Data. The concept of Big Data falls under the umbrella of the acronym “3 V” model: volume, velocity and variety. Rapid development of all aforementioned areas also has repercussions on the discoveries regarding pathophysiology of OCD.

The aim of this review is to present an overview of the available consortium and Big Data resources gathering OCD-related data and how these, and other resources are used to unravel genetics of OCD. Finally, we would like to demonstrate how tools provided by population genetics and genomics enable personalized diagnosis and treatment of OCD.



MOST WIDELY USED TOOLS FROM THE FIELD OF POPULATION GENETICS

Population genetics offers powerful possibilities to overcome limitations of observational studies and demonstrate causal inference. As mutations are randomly distributed during meiosis, mutation-disease associations are not influenced by confounding post-natal factors. Population genetics uses a number of techniques and analytical methods that enable determination of casual link between the exposure and the outcome. Candidate gene studies were the main method to test associations between genes and diseases before the development of more advanced genotyping technologies (19). This approach is hypothesis-driven and is supported by the specific supposition in which specific biological pathway is related to the final phenotype. Genome wide association studies, on the other hand, are not precluded by the hypothesis-driven approach as they enable investigation of millions of SNPs across the genome for association with a particular disease. In this case, it is standard to use an adjusted threshold for statistical significance of p < 5 × 10e−8 to account for the approximately 1 million independent loci found across the human genome. Genome wide association studies technique enabled creation of another important statistical tool, PRS. This allows creation of scores that summarize the load of mutations related to a specific trait. Polygenic risk score is a sum of risk alleles for a given person, which is often more powerful predictor of disease occurrence than an individual SNP. Finally, MR is a statistical method aimed at determining and quantifying causal relationships between genetically-determined exposures and outcomes of interest (20). Importantly, in contrast to randomized clinical trials, the most frequently used tool to evaluate causality, MR can be performed using already available open-access data from different sources, allowing the evaluation of larger numbers of possible mechanisms and accelerating the speed of the translational cycle.



BIG DATA RESOURCES AND CONSORTIA IN POPULATION GENETICS

The growing amount of data and information in field of medicine is offering a number of new opportunities, but is also a major challenge, both in terms of data storage as well as analysis. Expansive development and use of new technologies, adopted from the fields of bioinformatics, statistics, and mathematics, help scientists analyze these data in a proper manner, and interpret the results. Moreover, the new research philosophy, based on the construction of large international and intercontinental consortia, permits researchers to overcome previous methodological limitations, mainly related to small sample size. Importantly, in accordance with the inclusive nature of research, more and more data are publicly available. As vast majority of common diseases, such as cardiovascular conditions or mental disorders, are multifactorial; they are result of the complex interactions of genes and environment (21). These disorders also fall under the category of the common disease, common variant hypothesis (21), which argues that genetic variations with appreciable frequency in the population at large, but with relatively low penetrance, are the major contributors to genetic susceptibility to common diseases. This means that large samples are required to study associations between these exposures and disease, and to identify targets for treatment and prevention.

In recent years, several population-based initiatives were initiated in order to collect demographic, epidemiological, clinical, neuroimaging, biomarkers, and genetic data. The most relevant examples include such projects as UK Biobank, All of US Program sponsored by National Institute of Health, Generations by the Yale University, China Kadoorie Biobank or Qatar Biobank. All of these databases contain data about psychiatric health and symptoms and could be used to investigate a number of questions related to OCD pathophysiology. The most robust and well-described study is UK Biobank (www.ukbiobank.ac.uk). UK Biobank is a population-based cohort and biobank investigating contributions of genetic predisposition and environmental exposure to the development of disease. The study was initiated in 2006, included over half a million people aged 40–69 years at onset, and proposed long-term follow-ups. Recruitment was finalized in 2010 and the resource is constantly growing. In 2017, genotyping of all participants was completed (22), in 2019 a wide range of biomarkers was released, and multimodal neuroimaging for almost 100,000 participants is gradually being published (23). The design of the UK Biobank study facilitates exploration of an extensive range of diverse risk factors and outcomes and provides tools to detect small effects in a large study sample. Importantly, UK Biobank also provides baseline and follow-up data on mental disorders, including OCD (24).

Several population-based studies were launched in the US. National Institute of Health initiated All Of US (https://allofus.nih.gov/) program which aims to enroll 1 million adults across the US. This study was initiated in 2015 under the government of Barack Obama and is a reflection of the efforts aiming to popularize precision medicine. As indicated in Carrosco-Ramiro et al. (25), precision or personalized medicine derives from the advances in genetic/genomic techniques and the completion of the Human Genome Project (HGP). Precision medicine incorporates information from genome sequencing and clinical data which enables therapy adjustment according to patient's own genome and environmental factors. Importantly, precision medicine is executed in line with the following premises: predictive, preventive, personalized, and participatory (P4). All Of US is destinated to facilitate the implementation of the P4 principles on a population level. Therefore, participation in this project is voluntary, independent of sex, gender, or ethnicity, and reflects the rich diversity of the US. The study is totally transparent as each participant receives individual results, including their genetic data. Participants provide clinical data and can provide additional access to their electronic health records (EHR) which include all their information about health problems as well as any medications they take. Blood and urine samples, as well as physical measurements, including those gathered by wearable devices, are also collected. In the future this program is planned to facilitate execution of clinical trials. In addition, blood samples are genotyped. By June 2020, enrollment reached approximately 350,000 individuals. Eighty percent of those people are from groups that have been traditionally underrepresented in biomedical research making All of US the first study focused on diversity. The Million Veteran Program (26) (https://www.mvp.va.gov/) is another innovative study sponsored by the Department of Veterans Affairs Office of Research and Development. So far, it has been possible to enroll 825,000 individuals. Similar to previous cohorts, demographic and clinical data, as well as biological samples were collected. Importantly, genotyping has already been conducted and enables testing of many hypotheses related to psychiatric diseases (27). Yale's Generations project (https://medicine.yale.edu/ycci/trial/6326/) was launched in 2019 and is targeted to be another precision medicine cohort. It will gather genetic and clinical data from at least 100,000 participants, including pediatric participants. DNA patterns will be linked to EHR.

Another important resource is China Kadoorie Biobank (https://www.ckbiobank.org/). It enabled the acquisition of genomic and clinical data on chronic diseases in half a million Chinese participants (28). The baseline data collection was carried out in years 2004–08 and included biological samples, along with demographic and clinical data. Participants were aged 30–79 years old. A select subset of participants is also retested every few years. Similar to UK Biobank, data regarding mental disorders are also available (29–31). Analogous projects were also launched in Japan (https://biobankjp.org/english/index.html) and Qatar (https://www.qatarbiobank.org.qa/home).

All in all, Big Data resources enable quick and unlimited access to previously restricted resources as researchers from all over the world can solicit permit to work on the data of interest. This can lead to democratization of science. Moreover, thanks to these resources, it is possible to investigate both common and rare diseases. Finally, the sample size is large enough to achieve previously unthinkable statistical power. The majority of biobanks offer not only information at baseline, but also follow-up, which enable high-quality longitudinal analysis. Finally, biobanks, in contrast to cohort studies, gather complex clinical, neuroimaging, and genetic data, not only about one restricted disease, but whole variety of phenotypes or even enroll mainly healthy individuals. Good example is previously described UK Biobank aiming to enroll any middle aged individual or Health and Retirement Study at University of Michigan, study investigating the dynamics of aging. As a result, information provided by Big Data resources is more approximated to the distribution of phenotypes and risk factors in the population.



BIG DATA RESOURCES AND CONSORTIA RELATED TO OBSESSIVE-COMPULSIVE DISORDER

Apart from population-based Biobanks, a number of cohorts related to OCD and/or mental health could be used to investigate OCD phenotype variability. However, the results obtained from diverse studies differ due to differences in the sample collection and diverse description of clinical phenotype. For example, ENIGMA OCD protocol includes only participants with available neuroimaging data while the majority of other cohorts did not include this criterion. Therefore, these data have to be interpreted with caution, taking together all the limitations mentioned.

Psychiatric Genomics Consortium (PGC) (https://www.med.unc.edu/pgc/) (32–34) incorporates more than 800 scientists worldwide coming from more than 150 institutions and 40 countries. One of the nine disorders working groups is dedicated to OCD and Gilles de la Tourette syndrome (GTS) and is headed by primary investigators in genetics of these disorders, Jeremiah Scharf and Manuel Mattheisen (13, 35). Participation in PGC is inclusive as anyone willing to contribute with samples can take part in the entire data analysis. The majority of data are available upon request.

The International OCD Foundation Genetics Collaborative (IOCDF-GC) (https://iocdf.org/programs/genetics/) (13) is a group of genetics investigators from North America, South America, Europe and Africa who collect data from OCD patients for genetic analysis, including GWAS (detailed results presented in section Genomics of Obsessive-Compulsive Disorder).

OCD Collaborative Genetic Association Study (OCGAS) (36) is a six-site, collaborative, genetic linkage study of OCD. Specimens and blinded clinical data are made available through the National Institute of Mental Health repository. In this project, clinical data and blood specimens were collected from 238 families containing 299 OCD-affected sibling pairs and their parents, and additional affected relative pairs, for a GWAS (detailed results presented in section Genomics of Obsessive-Compulsive Disorder).

ENIGMA OCD (http://enigma.ini.usc.edu/ongoing/enigma-ocd-working-group/) (37– 40) currently consists of 47 samples from 34 institutes in 15 countries on 5 continents, with a total sample of 2,323 OCD patients and 2,325 healthy controls. The main aim of this consortium is to collectively analyze brain imaging, clinical, and genetic data. Initially formed to detect genetic influences on brain measures, ENIGMA has grown to over 30 working groups studying 12 major brain diseases and comparing brain data. The total number of enrolled subjects so far is of 2,323 OCD patients and 2,325 healthy controls. Although vast majority of studies focused on different modalities of neuroimaging investigating subcortical volume (41), cortical thickness (42), structural connectivity (38), or brain lateralization (37), there are reports about correlation between genomic and neuroimaging data (43, 44). Recent efforts have focused on using modern technologies, in particular machine learning (39).

Table 1 summarizes Big Data resources in population genetics and related to OCD, in particular.


Table 1. Consortia and Big Data initiatives related to obsessive-compulsive disorder.
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GENOMICS OF OBSESSIVE-COMPULSIVE DISORDER

As mentioned in the introduction, research on complex diseases has been revolutionized by GWAS, which enables the simultaneous analysis of SNPs and the search for statistical relationships between them. This type of analysis, based on the achievements of modern genomic technologies, goes beyond the possibilities of candidate gene association studies and creates the possibility to discover genetic risk factors for diseases without the need to select specific genes and formulate a priori hypotheses (58). The main difference between genomics and genetics is that genetics focuses on functioning and composition of the single gene whereas genomics addresses all genes and their relationships to each other in order to identify their combined influence on the growth and development of the organism (59). In the following sections we discuss studies tackling the topic of genomics of OCD (Table 2). Findings provided by studies targeting the genomics of OCD are of great importance since only these studies could help to unravel complex genetic architecture of OCD. As a consequence, they can help to find pathophysiological pathways involved in the occurrence of OCD and plan treatment, especially in the context of personalized medicine. Nevertheless, results of these studies are often contradictory as studies included different sample size and included participants with diverse phenotype. This is the case for other GWAS examing genetic background of heterogenous traits, such as height (60), diabetes (61), and schizophrenia (62).


Table 2. The most important studies investigating genomics of OCD.
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GWAS FINDINGS IN OCD

Important attempt to determine the genetic variation responsible for OCD was a study performed by Stewart et al. (45). To tackle this problem, IOCDF collected a set of individuals affected with OCD, diagnosed according to Diagnostic and Statistical Manual of Mental Disorders (DSM-IV) criteria, a subset of their parents, and unselected controls. Participants were then genotyped with Illumina SNP microarrays, which reduced the group to 1,465 cases, 5,557 ancestry-matched controls, and 400 parent–child trios. Study revealed a significant enrichment of methylation quantitative trait locus (QTLs) (p < 0.001) and frontal lobe expression quantitative trait loci (eQTLs) (p = 0.001) within the top-ranked SNPs (p < 0.01) in the combined trio-case-control sample, but no SNPs associated with OCD at a genome-wide significance level were recognized. The analysis including trios one SNP, rs6131295, located near the BTB domain-containing 3 (BTBD3) gene, reached genome wide statistical significance (p = 3.8 × 10−8), but in the combined trio-case-control meta-analysis this significance was not maintained. The abovementioned SNP is an eQTL for BTBD3, dehydrogenase/reductase 11 (DHRS11), and isthmin 1 (ISM1) genes. BTBD3 is a member of the transcription factors family and its functions include cytoskeleton dynamics, ion channel modulation, and protein degradation. DHRS11 and ISM1 are highly correlated with the expression of some of the other genes that have been identified among the top outcomes of both the case—control and trio—control meta-analysis and are linked to glutamatergic neurotransmission and signaling. Although no significant genome-wide correlations have been found in the whole sample, the findings indicate that BTBD3, FAIM2, correlated with DHRS11, and adenylate cyclase type 8 gene (ADCY8), correlated with ISM1, may be active in OCD pathogenesis. In addition, the top two SNPs with the lowest p-values were mapped within DLGAP1, a gene homologous to SAPAP, involved in the post-synaptic density of glutamatergic synapses.

Another GWAS was conducted by the OCGAS and published by Mattheisen et al. (46). This study is comprised of 1,406, comprehensively assessed, early onset, OCD patients combined with population-based samples. The smallest p-value (p = 4.13 × 10−7) was observed for the locus rs4401971, mapped near protein tyrosine phosphatase receptor type D (PTPRD) gene, which is responsible for differentiation of glutamatergic and, together with SLIT and NTRK Like Family Member 3 (SLITRK3) gene, GABAergic synapses. The second strongest correlation result was located in the cadherin cluster area. Compared to the hit regions found in the GWAS performed by Stewart et al. (45), 12 of the 15 strongest signals in the sample demonstrated correlations with the same direction of effects (sign test p = 0.0176). In regard to the region of Discs Large Homolog Associated Protein 1 (DLGAP1) gene, different outcomes were obtained. In the case-control analysis conducted by IOCDF-GC (45), signals in this gene reached top value. Even though in a study by Mattheisen et al. (46) the same significance was not detected, a nearby marker showed a significant value of p = 2.67 × 10−4, suggesting the association exists. Moreover, the region containing Glutamate Ionotropic Receptor Kainate Type Subunit 2 (GRIK2) gene, which rendered as a top signal in IOCDF-GC study, showed nominal, although not experiment-wide (p = 0.045), significance in the one performed by OCGAS (46). Finally, in a gene-set study for high-confidence interactions (51), the DLGAP1 and GRIK2 revealed a pattern of association and pointed to the possible role of DLGAP1 and GRIK2 interactors in the etiology of OCD, including genes such as Neuronal Differentiation 6 (NEUROD6) gene, Synaptic Vesicle Glycoprotein 2A gene (SV2A), Glutamate Ionotropic Receptor AMPA Type Subunit 4 gene (GRIA4), and Solute Carrier Family 1 Member 2 gene (SLC1A2). Other associations have been found with IQ Motif Containing K (IQCK) gene (p < 1 × 10−6 with experiment-wide significance) and Orofacial Cleft 1 Candidate 1 (OFCC1) (p = 6.29 × 10−5).

The two above-mentioned studies were meta-analyzed (13), and the results detected an absence of genome-wide significant SNPs: rs4733767 [p = 7.1 × 10−7; Cancer Susceptibility 8 and Cancer Susceptibility 11 genes (CASC8/CASC11)], rs1030757 [p = 1.1 × 10−6; Glutamate Ionotropic Receptor Delta Type Subunit 2 gene (GRID2)], and rs12504244 [p = 1.6 × 10−6; Proto-Oncogene, Receptor Tyrosine Kinase gene, (KIT)] were marked as top haplotypic blocks, while the top signals were localized within or around Ankyrin Repeat And SOCS Box Containing 13 gene (ASB13), R-Spondin 4 gene (RSPO4), Disks large-associated protein 1 gene (DLGAP1), Receptor-type tyrosine-protein phosphatase delta gene (PTPRD), GRIK2, Fas Apoptotic Inhibitory Molecule 2 gene (FAIM2), and Cadherin 20 gene (CDH20). Typical heritability variance of OCD was estimated by combined analyses of both samples resulting in a value of 25–30%. The findings of this meta-analysis confirm some of the conclusions of two prior OCD GWASs, with glutamatergic system genes, such as GRID2, DLGAP1, being involved in OCD pathogenesis.

Another study examining genetic basis of OCD was performed by den Braber et al. (47). This study included a homogeneous population from the Netherlands. Heritability of OCD, based on SNP analysis, was estimated to be 14% and one SNP, rs8100480, appeared to be significantly associated with OCD in GWAS (p = 2.56 × 10−8). Additionally, four more genes, Myocyte enhancer binding factor 2B (MEF2BNB), DNA-binding protein RFXANK gene (RFXANK), MEF2BNB-MEF2B, and MEF2B, were found to be involved in OCD etiology.

Additionally, attempts were made to demonstrate differences in the structure of the CNS in people with OCD compared to the general population. Hibar et al. (63) investigated the relationship between data obtained in GWAS of OCD by Stewart et al. (45) and data of a large-scale meta-analysis by the ENIGMA Consortium (64). Proof of substantial, positive correspondence between variants linked to the greater nucleus accumbens and the putamen volumes and OCD risk variants was identified. Additionally, the putamen, amygdala, and thalamus were brain regions which showed correlation with genetic risk of OCD.

It is worth mentioning that some scientists dealing with the subject of the genetic determinants of OCD have explored sex differences. In the study performed by Khramtsova et al. (51), two genes (GRID2 and G Protein-Coupled Receptor 135, GPR135) were found to be associated with OCD exclusively in females, but there were no genome-wide associations found in either genotype–sex interaction analysis or sex-stratified GWAS. Moreover, heritability of OCD did not differ and there were no significant distinctions in the cross-trait genetic correlations between sexes. The highest variability of effect size between males and females was reached for SNPs linked to gene regulatory function (eQTLs) in the immune system and brain.



GWAS FINDINGS IN OCS

Just recently, Burton et al. (56) examined genetic variants associated with obsessive-compulsive symptoms (OCS) and tested whether OCS and OCD shared genetic risk. The authors carried out GWAS of OCS using the Toronto Obsessive-Compulsive Scale (TOCS) in 5018 unrelated Caucasian children and adolescents. A locus tagged by rs7856850 in an intron of PTPRD (protein tyrosine phosphatase δ) was significantly associated with OCS at the genome-wide significance level (p = 2.48 × 10−8). rs7856850 was also associated with OCD in a meta-analysis of OCD case/control genome-wide datasets (p = 0.0069). Obsessive-compulsive symptoms polygenic risk score was correlated with OCD (p < 0.01). Obsessive-compulsive symptoms was highly, but not significantly, genetically correlated with OCD (p = 0.062).

Smit et al. (55) performed GWAS of obsessions, including ruminations and impulsions, and compulsions, such as checking, washing, and ordering/precision, assessed by subscales of the abbreviated edition of the Padua Inventory. While the obsession subscale and the total Padua score reached insignificant values, the compulsion subscale demonstrated a strong positive genetic association with the case-control OCD GWAS (p = 0.017) conducted prior to the analysis by the Psychiatric Genomics Consortium (PGC-OCD). Similar to the studies mentioned above, there were no significant SNPs identified in the study. In addition to the KIT and GRID2 genes, which were previously described, the study showed potential impact of two novel genes, WD repeat-containing protein 7 gene (WDR7) and AarF domain-containing protein kinase 1 gene (ADCK1). Genes expressed in the hippocampus, amygdala, and caudate nucleus were correlated with OCS. Moreover, gene-level analyses demonstrated increased correlation with brain regions involved in the reward system, emotions, memory, and fear-formation and enrichment for genes linked to psychiatric conditions.

Alemany-Navarro et al. (53) also tested whether a relationship exists between genes and specific obsessions and/or compulsions. There was no correlation between SNPs and OCD dimensions at the genome-wide level (p < 5 × 10−8). One gene, SET Domain Containing 3 gene (SETD3), reached genome-wide significant association with hoarding (p = 1.89 × 10−8), while another, Carboxypeptidase E gene (CPE), was found to be linked to aggressive symptoms (p = 4.42 × 10−6). Aggressive symptoms were also associated with zinc ion response and lipid metabolism. Among other pathways, ordering OCS were correlated with lipid metabolism, while sexual/religious OCS with G protein-mediated processes; finally, hoarding was correlated with metabolic processes and anion transport. In another study, performed by Bralten et al. (65), genetic correlations between OCD/OCS in the general population and insulin signaling in the central and peripheral nervous system were found. In this study, total OCS score and OCS factors from an exploratory factor analysis were the subject of GWAS in the population-based Philadelphia Neurodevelopmental Cohort (650 children and adolescents). The Spit for Science cohort (5,047 children and adolescents) served to validate the Bralten et al. findings. Researchers used PRS to evaluate shared genetic basis between clinical OCD, the total OCS score, and OCS factors. Gene-set analyses were then conducted with a set of OCD-linked genes focused on central nervous system (CNS) synaptic activity controlled by insulin and analyzed for five peripheral insulin-related traits based on PRS. The authors found a common genetic basis between OCD and “guilty taboo thoughts” and a correlation between CNS, insulin-linked, gene-sets and symmetry/counting/ordering in the Philadelphia Neurodevelopmental Cohort, while the association between “symmetry/counting/ordering” and “contamination/cleaning” found in the Spit for Science cohort was confirmed. Genetically-determined, peripheral, insulin-related, signaling traits such as type 2 diabetes were found to be related to aggressive taboo thinking while genetically-determined, fasting, insulin levels and 2 h glucose levels were correlated with OCD.



GENOMIC RELATIONSHIPS WITH OTHER DISORDERS

Researchers have also attempted to answer the question about whether links exist between OCD and other disorders. One of the most widely described associations is the link between tics and OCD. In the study conducted by Yu et al. (66), there were no genome-wide significant SNPs. PRS for OCD was found to be significant (p = 2 × 10−4), predicting 3.2% of the phenotypic variance in an independent data set, in contrast to non-significant polygenic component in GTS, predicting only 0.6% of the phenotypic variance (p = 0.06). Finally, across OCD and GTS there was no significant polygenic signal present. In the study conducted by Davis et al. (67) variance in predisposition to GTS and OCS was assessed and heritability point was evaluated to be 0.58 (se = 0.09, p = 5.64 × 10−12) and 0.37 (se = 0.07, p = 1.5 × 10−7), respectively. Moreover, 21% of the GTS heritability was connected to SNPs with a minor allele frequency of <5%, while in the case of OCD they accounted for 0% of the heritability. Genetic correlation between OCD and GTS reached the value of 0.41 (p = 0.002) in this study.

Associations between anorexia nervosa (AN) and OCD have also been analyzed. The aim of the study by Yilmaz et al. (68) was to evaluate the genetic origin of these two disorders, however, no significant genome-wide results for shared AN–OCD risk were found. Despite the absence of significant hits, prominent, reliable signals were located in the leucine-rich repeat-containing 16A gene (LRRC16A), both for AN (p = 4.19 × 10−5) and OCD (p = 1.53 × 10−3); upstream of KIT gene, both for AN (p = 1.62 × 10−6) and OCD (p = 0.011). In this study, a high genetic association between AN and OCD (rg = 0.49 ± 0.13, p = 9.07 × 10−7) and a sizable SNP heritability (SNP h2 = 0.21 ± 0.02) for the cross-disorder phenotype were reported.

Another disorder suspected to be associated with OCD at the genome level is attention deficit hyperactivity disorder (ADHD). According to the study by Ritter et al. (69), which aims to identify the potential genetic overlap between the two disorders, none of the SNPs were significant at the genome-wide level, implying the lack of evidence for genetic correlation between these two disorders.

Also, as OCD and autism spectrum disorder (ASD) are both heritable disorders of neurodevelopmental origin, Guo et al. (50) assumed that their genetic bases may share some similarities. rs4785741, located in chromosome 16, was the SNP with the top signal in this study (p = 6.9 × 10−7). In addition, enrichment analyses showed that the following genes: melanocortin 1 receptor MC1R, tubulin Beta 3 (TUBB3), dimethylarginine dimethylaminohydrolase 1 (DDAH1), inositol monophosphatase 2 (IMPA2), and parathyroid hormone 2 receptor (PTH2R) could theoretically lead to coexistence of ASD and OCD. Additionally, the application of PRS analyses identified a significant, polygenic component of ASD, predicting 0.11% of the phenotypic variance in an independent OCD data collection. With the use of Genome-wide Complex Trait Analysis, global heritability was estimated to be 0.427 (se = 0.093) in OCD and 0.174 (se = 0.053) in ASD.

Another disorder investigated in the context of its co-existence with OCD is schizophrenia. This subject was investigated by Costas et al. (54). The Dynamin 3 (DNM3) gene, involved in the endocytosis of synaptic vesicles, had a significant association at the gene-based test (p = 7.9 × 10−5) and appears to possibly be involved in OCD pathogenesis. Significant correlation was observed between disease status in OCD sample and the polygenic risk model of schizophrenia data set (PGC-SCZ2), especially when the major histocompatibility complex region was eliminated.

Some investigators tried to examine variety of psychiatric disorders that share pathophysiological background with OCD. Strom et al. (57) examined polygenic heterogeneity across OCD subgroups defined by a comorbid diagnosis. The authors hypothesized that OCD shares common genetic background with other psychiatric comorbidities. In particular, they used a framework of different approaches to study the genetic relationship of OCD with three commonly observed comorbidities, namely major depressive disorder (MDD), attention-deficit hyperactivity disorder (ADHD), and ASD. They found that PRS of such traits as neuroticism, bipolar disorder, AN, age at first birth, educational attainment, and insomnia were significantly associated with OCD across all subgroups. Cross-Disorder Group of the PGC published results of their study investigating genomic relationships, novel loci, and pleiotropic mechanisms across eight psychiatric disorders (52). They performed analyses of 232,964 cases and 494,162 controls from genome-wide studies of AN, ADHD, ASD, bipolar disorder, MDD, OCD, schizophrenia, and TS. As a result they were able to determine three groups of co-related disorders. Meta-analysis across eight disorders revealed 109 loci associated with at least two psychiatric disorders. Detected loci were mainly related to neurodevelopement.



TREATMENT RESPONSE IN OCD

Finally, one study investigated polygenic contributions to therapeutic responses in OCD patients. In the study by Qin et al. (48), which assessed genetic variations potentially influencing sensitivity to selective serotonin reuptake inhibitor (SSRI) treatment, rs17162912, near the Dispatched RND Transporter Family Member 1 (DISP1) gene, was the top SNP (p = 1.76 × 10−8), while rs9303380, rs12437601, rs16988159, rs723815, rs7676822, and rs1911877 were SNPs with possible association. The authors concluded that glutamatergic and serotonergic neurotransmission could be involved in treatment response in OCD. Another GWAS performed by Umehara et al. (49) on the subject of pharmacotherapy in OCD and assessed genetic variants involved in the response to combined SSRI and antipsychotic treatment. Despite the lack of a genome-wide significance level of association between one suggestive SNP and treatment outcomes, five pathways appeared enriched, with the strongest link to calcium signaling pathway.



GENE-ENVIRONMENT INTERACTION

A number of studies explored the gene-environment interaction in context of OCD. Wang et al. (70) demonstrated interaction between progranulin (PGRN) gene and the early trauma on clinical characteristics in patients with OCD. Alemany-Navarro (71) et al. explored the predictive ability of a PRS built from OCD-risk variants, for treatment response in OCD, and the modulation role of stressful life events (SLEs) at the onset of the disorder. The authors failed to demonstrate that PRS predicted treatment response. Nevertheless, PRS predicted basal and post-intervention YBOCS. Importantly, SLEs at onset were not a predictor for treatment response when included in the regression model. Real et al. (72) assessed whether genetic variants in SLC1A1 and life stress at onset of the disorder interact and modulate pharmacological resistance in OCD. For one SNP (rs3087879), one copy of the risk allele increased the probability of higher treatment resistance. Hemmings et al. (73) investigated interactions between childhood trauma and the BDNF Val66Met variant in patients with OCD. The authors observed no significant association between BDNF Val66Met and the development of OCD, but interaction analysis demonstrated that the BDNF Met-allele interacted with childhood emotional abuse and increased the risk of OCD.



RARE VARIANTS IN OCD

In recent years, risk gene discovery has also been achieved by studying rare de novo (DN) coding variants. For OCD/OCS only two studies have been published so far. Cappi et al. (74) performed whole-exome sequencing in 222 OCD parent-child trios and estimated the contribution of de novo mutations to OCD risk and the number of genes involved. The authors identified two high-confidence risk genes, CHD8 and SCUBE1. Just recently, Halvorsen et al. (75) conducted exome sequencing aiming to identify rare damaging coding variants that could influence the occurrence of OCD. In case–control analyses, the most significant result was observed in SLITRK5 gene. All in all, it could be concluded that there is a contribution of rare variants to OCD, but more replication studies are needed.



CONCLUSIONS: LEVERING BIG DATA TO PERSONALIZE TREATMENT FOR OCD?

The emergence of Big Data collaborations in OCD and innovative technologies has afforded new insights into OCD such as discovery of new genetic and pathophysiological pathways involved in this disorder. This stays in line with the genomic studies regarding other neuropsychiatric disorders, such as GTS (35), anxiety disorder (76), depression (77), ASD (78), or schizophrenia (79), which have demonstrated shared genetic background between different symptoms and comorbidities.

Nevertheless, the results of these studies are still limited by diverse populations included in the studies, especially when it comes to genetic ethnicity, diverse sample sizes, and inclusion criteria. At the moment, the majority of studies are limited to genetically white individuals, and we are still lacking studies that are more inclusive regarding other genetic groups, especially minorities. Similarly, phenotype assessment is not homogeneous between all studies. Disease-specific initiatives usually use more elaborate, physician-implemented instruments, such as YBOCS, while phenotype assessment in population-based studies is based on the more general criteria, primarily ICD classification or self-report. Furthermore, population-based studies may not accurately reflect the population-level phenotype due to certain selection bias, such the “heathy volunteer effect” mentioned by Davis et al. (24). A good example is UKB, where the prevalence of self-report OCD is 0.6%, which is well below known population prevalence estimate of OCD (1–3%). Finally, the sample size achieved in population-based studies is limited and, therefore, biobank samples may be better suited as replication samples rather than as discovery. On the other hand, biobanks contain diverse information (clinical, biomarkers, neuroimaging) usually gathered in the longitudinal fashion. Moreover, the methodology of GWASes and data analysis is also not harmonized. All these factors could contribute to the heterogeneity of results obtained in the studies presented in this article.

Considering the evidence presented in the previous sections, it can be concluded that from the point of view of genetics OCD is a highly heterogenous disorder. This is also reflected in the diverse clinical phenotypes as well as complex responses to treatment. Tools aimed toward developing personalized diagnostic and therapeutic approach in OCD are in dire need. The methodological techniques from the field of genomics are poised to unravel the complexity of personalized medicine. They will enable adjustment of diagnosis and treatment in accordance to individual genetic variability of the patient. Finally, the rapid development of bioinformatics and its application to medicine will also render new possibilities. In particular, artificial intelligence and one of its varieties, machine learning, are already used to diagnose (80), predict severity and outcome (81, 82), and trajectories of treatment response (83–85) in OCD. The advancements promised by Big Data catapulted in the field and provided new insights over the past 10 years. As bioinformatics and innovative technologies become ubiquitous in clinical practice, the present the potential (and promise) of personalized medicine. Another future avenue offers creation of international or even intercontinental databases which gather information about more diverse groups, including minorities.
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Neuropsychological functions in obsessive-compulsive disorder (OCD) have been extensively investigated. Despite some common findings across studies indicating deficient test performance across cognitive domains with small to medium effect sizes, results remain inconsistent and heterogeneous. However, multiple past attempts to identify moderators that may account for such variability have been unrewarding. Typical moderators including symptom severity, age at onset, medication status, and comorbid conditions failed to provide sufficient explanatory power. It has then been posited that these inconsistencies may be attributed to the inherent heterogeneous nature of the disorder (i.e., symptom dimensions), or to the natural fluctuation in symptom severity. However, recent meta-analyses suggest that these factors may not account for the persistent unexplained variability. Other potential factors—some of which are unique to neuropsychological testing—received scarce research attention, including definition of cognitive impairments, specificity and selection of test and outcome measures, and their limited ecological validity. Other moderators, particularly motivational aspects, and metacognitive factors (e.g., self-efficacy) were not previously addressed despite their potential association to OCD, and their documented impact on cognitive function. The aim of the present mini-review is to provide an updated succinct overview of the current status of the neuropsychological literature in OCD and expanding upon oft-neglected potential moderators and their putative impact on neuropsychological findings in OCD. Our goal is to highlight important avenues for further research and provide a road map for investigators in order to advance our understanding of cognitive functions in OCD that has been stagnant in the past decade.
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INTRODUCTION


Neuropsychological Findings in OCD

Decades of research into cognitive function in Obsessive-Compulsive Disorder (OCD), including a number of systematic reviews and meta analyses (1–6), reveal deficient test performance across multiple cognitive domains. Although all meta-analyses consistently report underperformance with small to medium effect sizes in OCD compared to non-clinical controls (see Table 1), a hallmark finding in this literature is significant heterogeneity and inconsistency across studies.


Table 1. Unweighted mean effect sizes for neuropsychological test performance across domains in adult OCD.
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Indeed, a recent meta-analysis of familial cognitive endophenotypes in OCD also found significant heterogeneity across major executive functions (6). Such inconsistencies suggest that some moderators or latent factors may explain this heterogeneity. However, moderator analyses examining multiple potential variables, including demographic (e.g., sex, age, education) and clinical variables (e.g., age of onset, OCD symptom-severity, medication, comorbidities) found no meaningful moderation effects (2, 4, 5). Moreover, although moderator analyses in meta-analytic reviews usually utilize a meta-regression procedure, some meta-analyses endeavored to examine such potential moderators as the primary outcome. However, these studies, including examinations of correlations between cognitive function and symptom severity (10), and with OCD dimensions (11, 12), found no meaningful effects accounting for such heterogeneity. Moreover, this inconsistency is further obfuscated by research and meta-analysis in pediatric OCD yielding a substantially divergent picture compared with adult OCD (13). Of note, similar extent of heterogeneity has been reported in a meta-analysis examining cognitive functions across studies utilizing the same tasks and outcome measures (as opposed to calculating domain effect sizes from different tests) (5).

Notably, the magnitude of these effects (small to medium) in OCD do not amount to what is typically considered a cognitive impairment (2). It is also important to note that the pattern of cognitive dysfunction is not specific to OCD, and a recent umbrella review did not identify any viable disorder-specific biological or cognitive markers for OCD (14). Moreover, similar effect sizes and somewhat similar heterogeneity trends were recently identified across DSM disorders (15–18). This lead to the conclusion that the C Factor (i.e., cognitive dysfunction) is transdiagnostic, and that there is no reliable disorder-specific neuropsychological profile (19). Considering that OCD is associated with functional impairments (20–22), this state of affairs raises the question of whether OCD is linked to meaningful cognitive deficits at all, and if not, whether neuropsychological tests may be poor predictors of everyday functional impairment in OCD. In this review, we outline under-researched factors and several potential latent constructs that ought to be investigated in order to promote our understanding of neuropsychological findings in OCD. These include factors associated with psychometric and interpretive aspects of neuropsychological testing, and state/trait structures associated with OCD or with psychopathology in general.




METHODOLOGICAL AND PSYCHOMETRIC ISSUES


Test Selection

One major factor contributing to neuropsychological heterogeneity in OCD is the utilization of different tests under the same general neuropsychological domain. This problem is seen across populations, where different tests assessing a general cognitive domain often yield different results (3). Indeed, researchers have been sounding the alarm about this issue for two decades (1, 23). This problem is evidenced for example in the context of inhibitory function—the most widely researched cognitive domain in OCD. Given the hypothesis that people with OCD struggle to inhibit their urge to perform compulsions, cognitive and behavioral inhibitory dysfunction has been subject to much interest from researchers, and at one point was proposed as an endophenotypic marker for OCD (24). However this was later largely recanted by the authors (25). Notwithstanding, the general domain of inhibitory function is commonly assessed using a number of tests, primarily the Stop Signal Task (SST), the Stroop test, and Go/No-Go/Continuous Performance Tests. However, these tests yield different effect sizes in OCD (2), which may not be surprising because they measure different subdomains of inhibitory function and are associated with different neuroanatomical and neurochemical processes (26–28). Whereas, the Stroop test assesses interference control, the Go/No-Go paradigm assesses response inhibition (inhibition of prepotent motor ‘program’), and the SST assesses response cancellation (29). Since most studies use these tests interchangeably to measure “response inhibition,” the heterogeneity of effect sizes under this construct may be to some extent, a result of problematic conceptualization of such studies, and not a characteristic of OCD. The same problem arises in the context of other neuropsychological domains, including, but not limited to, other executive functions. Unfortunately, despite the decades-old calls to increase precision in test selection and construct definitions (in neuropsychological research in general, as well as specifically in OCD), this problem is still evident in OCD research. This may be a contributing factor to the longstanding issue of unexplained heterogeneity. It is therefore important that neuropsychological studies in psychiatry/psychopathology research involve neuropsychologists, with a careful consideration of underlying constructs, task impurity, psychometrics, and ecological validity (30).



Selection of Outcome Measures

The ‘task impurity problem’ in neuropsychology is a longstanding issue inherent to cognitive testing, where a several interrelated but distinct cognitive demands are reflected in a single test score (31). This problem, characteristic of most cognitive tests, but more so in tests assessing higher order executive function, poses an interpretive hurdle (32). Several solutions to mitigate this problem have been offered such as utilizing and cross-referencing from more than one test to assess an executive function (33). Carefully attending to the construct validity of specific outcomes within a test should be standard practice in neuropsychological research. For instance, the Wisconsin Card Sorting Test (WCST) is frequently used to assess cognitive flexibility, set-shifting, and concept formation, but performance on the WCST also requires working memory, attention, as well as planning, strategizing, inhibitory control, feedback processing, rule extraction, and self-monitoring (7, 34, 35). Indeed, a recent meta-analysis (7) examined the notion that OCD is associated with deficits in flexibility/set shifting (36)—constructs known for their heterogeneity in OCD—by parceling out different cognitive processes from the same tasks. Differentiating performance on shifting vs. “control” (i.e., non-shifting) outcome measures from the same tests, the authors found no evidence for such deficits in OCD (7). Thus, together with the need to carefully select neuropsychological tests to assess specific domains of cognitive function, an even more careful approach should be taken when selecting outcome measures for analyses within the selected tests.



Ecological Validity

The goal of assessment of neuropsychological functions is to predict task performance in real-life settings (37). Therefore, there is great importance in evaluating Ecological Validity—the “functional and predictive relationship between the patient's performance on a set of neuropsychological tests and the patient's behavior in a variety of real-world settings” (38)—in neuropsychological research. Traditionally, neuropsychological tests are associated with moderate degree of ecological validity (31), but evidence points to significantly limited ecological validity in psychopathology (19). Indeed, emotional problems in everyday life have been termed “the conditional neurological lesion” (39), and neuropsychology researchers have long recognized that individuals may display intact performance on a task in a quiet room but may show significant difficulties in everyday settings due to the marked impact of psychopathological symptoms on cognitive functions (31). Conversely, assessment settings may provoke anxiety and potentially negatively impact performance, compared to everyday settings where individuals may not feel they are being evaluated. Unfortunately these important situational factors are rarely addressed in the context of neuropsychological studies in psychopathology in general, and in OCD in particular (19). Limited research suggests that this problem is evident in OCD. For instance, despite consistently reported non-verbal memory deficits in OCD (i.e., poor performance on the Rey Complex Figure test), everyday memory functioning in OCD was found to be unimpaired relative to non-psychiatric controls (40). Similarly, in the context of tests of inhibitory function, although suboptimal test performance has been reported in OCD, behavioral impulsivity (the corresponding real-life behavioral construct) in OCD is found to be consistently lower or equivalent compared to non-clinical controls (41). In fact, a study that directly examined performance on different neuropsychological tasks of inhibitory control in OCD found no associations with real-life behavioral impulsivity (42). Another study assessed performance on executive function tasks as well as on a questionnaire of real-life behaviors reflecting executive function [i.e., the Behavior Rating Inventory of Executive Function (BRIEF)] before and after a 14-week CBT treatment in a sample of youth with OCD (43). This study found no change post-treatment on neuropsychological tasks, but a meaningful improvement on real-life functions as assessed by the BRIEF.

In the context of neuropsychological testing, assessment of ecological validity assumes two general approaches, veridicality, which is the degree that a neuropsychological test corresponds empirically to outcome measures of everyday function, and verisimilitude, which is the degree to which test demands mimic the demands of everyday environments (31). The vast majority of neuropsychological research uses veridicality testing, which is generally known to have modest association with real-life functions (44). For example, the most common tests utilized in OCD research to assess planning are the Tower of London and the Tower of Hanoi tests, in which the primary demand is to copy a structure of beads or discs while adhering to task rules. This test, that involves planning, may be far removed from the real-life demand of planning a vacation for example. Unfortunately, there is a dearth of research into cognitive function in OCD that utilizes tests assuming the verisimilitude approach. These tests may assess complex everyday tasks, such as the Multiple Errands Test [MET; (45)], a test that mimics real-life scenarios related to chores and shopping. Furthermore, with the advancement and availability of virtual reality (VR) technology, verisimilitude tests may become more prevalent in research settings, and in fact may provide a unique integration between veridicality and verisimilitude approaches (46). However, studies that assess cognitive function using VR technology are practically non-existent in OCD. Notably, many of these tests possess very good psychometric properties (47), and researchers are encouraged to consider utilizing such tests to aid in elucidating the nature of cognitive deficiencies in OCD, as well as their relationship to everyday function and psychopathological mechanisms.




STATE/TRAIT PERSONAL VARIABLES


Correspondence With Clinical and Functional Indices

Despite previous research suggesting that neuropsychological performance may be related to symptom severity, severity has not emerged as a significant moderator of performance on meta-analyses (4, 5, 10). Furthermore, the relationship of test performance to treatment (pharmacological or psychological) is extremely inconsistent (48). While several studies have examined neuropsychological performance as a predictor of treatment outcome (49–52), or in the context of sensitivity to treatment (53–55), results from such studies are extremely sparse and inconsistent, and overall there are no replicable results suggesting that cognitive functions are reliable predictors of response to treatment. This is not surprising, given the lack of associations between neuropsychological test performance and severity measures in the first place.

However, the above inconsistencies and lacunae present a conundrum, as they preclude a meaningful understanding of neuropsychological performance in OCD with regard to psychopathological mechanisms or real-world functioning. Particularly striking is the near-total absence of studies examining correspondence of neuropsychological performance with functional, vocational, and academic indices in OCD, a disorder linked to notable academic and occupational dysfunction (20–22). Moreover, there is little correspondence between neuropsychological assessment of executive function and ratings of real-life functioning (43, 56). This problem however, is not unique to OCD and has been reported across disorders (57, 58) and may partly relate to level of awareness of such difficulties, and the discrepancy between the constructs measured in cognitive tests, and how these are expressed in everyday life. Unfortunately, self-report scales developed uniquely for cognitive difficulties in OCD [e.g., Cognitive Assessment Instrument of Obsessions and Compulsions (CAIOC-13); (59)], have not been examined in relation to neuropsychological test scores.

We recommend that future studies examine the correspondence between neuropsychological performance and functional correlates. This is an essential and highly needed research that would enable the field to learn about the driving factors underlying everyday functional impairments in OCD, and equally important, help to determine what extent of underperformance on cognitive tests may be regarded as indicating real-life functional impairment.



Affective, Motivational, and Metacognitive Factors

Affective states (e.g., anxiety or depression), motivation, effort, and internal distractions (e.g., intrusive obsessive thoughts) have long been noted as confounds in neuropsychological testing (60), but may carry particular value in explaining discrepant findings. For instance, in some studies, individuals with OCD report greater anxiety about their performance, distracting OCD thoughts, and negative momentary influences during neuropsychological testing (61). In addition, testing of motivation and effort is recommended as an essential part of standard neuropsychological assessments (62), since discrepant performance may indicate sub-optimal effort, attributable to multiple causes including anhedonia, somatization, or secondary gain (19, 63).

Metacognition is the capacity to assess, reflect, control, and evaluate one's cognitions (64). Metacognition is known to be altered across disorders (65). Some aspects of meta-cognition that may impact cognitive function include self-efficacy (66), self-stigma (67), attitudes toward neuropsychological testing (61), and hyper monitoring of one's performance (68). For instance, several explanations of deficient performance in OCD have implicated heightened monitoring of errors or perceived errors, and sensitivity to novelty, including findings regarding post-error slowing on the SST (69, 70), difficulties on simpler/initial test items relative to subsequent/more complex items on the same test (71, 72), and an “always on guard” style of responding even when task demands are relaxed (73). These findings have contributed to the understanding that OCD may be characterized, not by impulsivity, but by over-cautious and inflexible performance monitoring (74–77). Importantly, as depicted by the Executive Overload Model of OCD, such hypercontrol and sensitivity to novel stimuli is related to a surge in obsessive thoughts and may cause an “executive overload” and adversely affect test performance (78).

Other metacognitive processes impacting attention/working memory are evidenced from studies on non-clinical samples—negative expectations relating to task difficulty/own ability (79), stereotype threat (80), rumination and emotional arousal (81), and threat to self-esteem (82). Threat to self-esteem, and lower self-esteem, is posited to affect multiple cognitive functions, including attention through increased state anxiety and (metacognitive) diversion of attentional resources to task-irrelevant stimuli (83). In OCD, stigma/self-stigma from negative stereotypes about cognitive dysfunction in this disorder appear to adversely impact neuropsychological test performance (84). Metacognitive processes, particularly as they relate to self-monitoring and subsequent reframing may also have a facilitatory effect on cognition. Such processes may be utilized to mitigate negative influences on test performance, and assist in selection and use of task-relevant strategies. Hence metacognitive techniques have been included in cognitive remediation interventions (85, 86); however applications to OCD are few, and bear further investigation (87, 88).

Psychological processes impacting test performance are often overlooked and it is recommended that such processes be closely investigated in future studies. Studies so far have employed several approaches to address this issue, such as breaking down test performance to component processes [e.g., (7, 32)], employing experimental modification to classic tasks [e.g., (73)], use of self-reports to assess metacognitive processes during [e.g., (89)], or after [e.g., (61)] neuropsychological task performance. Such research may be crucial to clarifying inconsistencies in findings and improving goodness-of-fit to psychopathological models and real-world correlates of functioning in OCD.




DISCUSSION

A vast body of literature indicates that OCD is associated with underperformance on neuropsychological tests across multiple domains. However, attempts to integrate cognitive dysfunction with contemporary OCD models or psychopathological mechanisms have been unfruitful, and unexplained heterogeneity remains a major problem. Indeed, moderator analyses across multiple meta-analyses failed to identify any variable or combinations of variables that may account for this heterogeneity. Further attempts to resolve this issue included meta-analyses directly examining moderators, such as symptom severity (10) and OCD dimensions (11, 12), which did not yield meaningful results. In addition, these findings seem to be non-specific to OCD, and such cognitive dysfunction is seen across DSM disorders with very similar effect sizes. Indeed, recently Abramovitch et al. (19) conducted a systematic review of meta-analyses examining cognitive functions across disorders and concluded that psychopathology (defined categorically or dimensionally) is characterized by cognitive dysfunction. This transdiagnostic finding—termed the C Factor (for cognitive dysfunction)—raises the question about common factors across disorders that, like the p factor (90), may have better explanatory power.

However, analyses of moderators that may explain such heterogeneity depend on moderators that researchers choose to assess. These are largely circumscribed to demographic and classic clinical factors. It is important to consider that observable cognitive functioning may be the final product of intricate dynamics involving genetic, neurophysiological underpinnings, neuropsychological functions, psychological factors such as metacognitive biases, and state-related changes in affect and symptoms. Despite mounting evidence, assessment of psychological aspects including motivational and metacognitive factors related to performance is not part of standard neuropsychological research—even though best practice in neuropsychology requires that a conclusion regarding the results of any neuropsychological assessment be made only if effort has been assessed as part of the test battery (62). In particular, the marked inconsistencies in OCD research make assessing these aspects imperative. We recommend that future research consider state/trait personal variables that may impact test performance in OCD, which may also increase interpretive power, and goodness-of-fit with psychopathological models.

Notwithstanding, given that it is becoming increasingly clear that the ecological validity of classic neuropsychological tests in the context of psychopathology (and particularly in OCD) is poor, we recommend that researchers take a careful approach toward selection of tests and outcome measures, as well as with regards to interpretation of their results. Neuropsychological research in OCD would benefit from a careful consideration of tasks and outcome variables, and incorporation of assessment of everyday function is crucial. We also encourage researchers in the field to utilize the verisimilitude approach, incorporating tests that mimic the demands of real-life situations, instead of focusing solely on tests that may be correlated with real-life functions. In addition, self-report systems tapping into real-life functions related to cognitive domains (e.g., the BRIEF) would be of added value. Formation of an international neuropsychological consortium of researchers may be a potential venue to discuss these and other issues, and work toward clearer delineation of suitable tests.

In sum, following decades of exhaustive foundational research on neuropsychology in OCD, subsequent efforts may need to be broader (e.g., consider the role of other factors impacting cognitive dysfunction), deeper (e.g., explore tests and constructs in relation to neuropsychological methods, clinical, and functional correlates), and finer (e.g., undertake more nuanced investigations of test performance), in order to advance the field.
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Comorbidities are seen with obsessive-compulsive disorder (OCD) across the lifespan. Neurodevelopmental comorbidities are common in young children, followed by mood, anxiety, and obsessive-compulsive related disorders (OCRDs) in children, adolescents and adults, and neurological and degenerative disorders in the elderly. Understanding comorbidity prevalence and patterns has clinical and research implications. We conducted a systematic review and meta-analysis on comorbidities in OCD across the lifespan, with the objective to, first, estimate age-wise pattern and prevalence of comorbidities with OCD and, second, to examine associations of demographic (age at assessment, gender distribution) and clinical characteristics (age of onset, illness severity) with comorbidities. Four electronic databases (PubMed, EMBASE, SCOPUS, and PsycINFO) were searched using predefined search terms for articles published between 1979 and 2020. Eligible studies, across age, reported original findings on comorbidities and had an OCD sample size of ≥100. We excluded studies that did not use standardised diagnostic assessments, or that excluded patients on the basis of comorbidity. We adhered to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines. The review protocol has been registered on the International Prospective Register of Systematic Reviews. A comorbidity rate of 69% was found in a pooled sample of more than 15,000 individuals. Mood disorders (major depressive disorder), anxiety disorders (generalised anxiety disorder), neurodevelopmental disorders (NDDs) and OCRDs were the commonest comorbidities. Anxiety disorders prevailed in children, mood disorders in adults, whereas NDDs were similarly prevalent. Higher comorbidity with any psychiatric illness, NDDs, and severe mental disorders was seen in males, vs. females. Illness severity was inversely associated with rates for panic disorder, tic disorders, OCRDs, obsessive compulsive personality disorder, and anorexia nervosa. This systematic review and meta-analysis provides base rates for comorbidities in OCD across the lifespan. This has implications for comprehensive clinical evaluation and management planning. The high variability in comorbidity rates suggests the need for quality, multi-centric, large studies, using prospective designs.

Systematic Review Registration: Unique Identifier: CRD42020215904.

Keywords: obsessive-compulsive disorder, systematic review, meta-analysis, age, comorbidities


INTRODUCTION

Obsessive-compulsive disorder (OCD) is a common and disabling psychiatric illness characterised by obsessions (repetitive, intrusive, unwanted and distressing thoughts, images, or urges) and compulsions (repetitive behaviours or mental acts that a person feels driven to perform in response to the obsessions, or according to rigid rules) (1, 2). Affecting children as young as 3–4 years old (3, 4), as well as the elderly over 70-years old (5), OCD incidence is generally highest during pre-adolescence (mean onset 11 years), and early adulthood (mean onset 23 years) (6, 7).

Various types of psychiatric disorders co-occur with OCD, including neurodevelopmental disorders (NDDs), mood disorders, anxiety disorders, severe mental illnesses (SMIs), and personality disorders (2, 8, 9). The understanding of comorbidities among psychiatric disorders is of immense clinical importance to inform primary diagnostic ascertainment, treatment planning and long-term management. Comorbidities also shed light on putative shared etiopathogenetic and neurobiological underpinnings.

Comorbidities in OCD have been examined, discussed and classified from different perspectives. Historically, relationships with anxiety disorders have been strongly emphasised, demonstrated by OCD's placement among anxiety disorders. However, with many OCD presentations extending beyond anxious states (e.g., disgust, “not-right” as the core negative valence state), the DSM-5 (1) has evolved to categorise OCD outside of the anxiety disorders and along with select phenomenologically similar comorbidities [Obsessive-Compulsive Related Disorders (OCRDs)]. Correspondingly, tic disorders have been examined as phenotypic markers for a homogeneous subgrouping among heterogeneous presentations of OCD (10–12), and their lifetime presence is a DSM-5 OCD specifier. Recent reviews have examined the epidemiological, clinical and psychopathological relationships between certain personality disorders, specifically schizotypal personality disorder (9) and obsessive-compulsive personality disorder (13), and OCD, suggesting the relevance of systematic clinical assessments and a need for further clinical, neurobiological and genetic enquiry in this area. Very few studies have systematically examined medical/neurological comorbidities in OCD. Risk of metabolic syndrome in OCD rises perhaps with the use of atypical antipsychotics as augmenting agents, with one study documenting more than 20% prevalence, much higher than general population estimates (14).

Reported rates of comorbid disorders with OCD have varied widely across published studies over the past 4 decades, even within similar socio-cultural backgrounds. For example, studies from the United States (USA) report varying lifetime prevalence rates of comorbid major depressive disorder (MDD) between 19% (15) and 66.8% (16) among adults with a primary diagnosis of OCD. Similar variations are observed in lifetime prevalence rates of other comorbid illnesses including anxiety disorders [22% (17)−56.3% (16)], tic disorders [8.7% (18)−31.6% (19)] and psychotic disorders [2.9% (20)−14.4% (21)]. Beyond variations related to chance and differences in study design, sampling strategy and measurement error, valid socio-demographic influences could plausibly underlie these observed variations. For example, differences in the reported comorbidity rate for MDD in OCD study populations of Klein et al. (15) and Mancebo et al. (16) may stem from differences in the mean age (34.4 vs. 40.1 years) and gender distribution (males 52.7 and 45%) within their samples. In comparing comorbid anxiety disorder rates, studies by Deacon et al. (17) and Mancebo et al. (16) differ with respect to age (35.8 vs. 40.1 year mean), age of onset of OCD (16.7 vs. 18.5 year mean), gender distribution (51 vs. 45%), and illness severity [Yale-Brown Obsessive Compulsive Scale (Y-BOCS) (22, 23) mean score 24 vs. 20.6]. Studies conducted with a primary aim to examine clinical variations by age, gender, etc., echo these observations (24–27), with differences particularly notable between paediatric samples (e.g., higher rates of NDDs like attention deficit hyperactivity disorder (ADHD) (28, 29) and adult samples (e.g., higher rates of mood disorders and anxiety disorders) (30, 31). Observed differences in comorbidity profiles across age possibly reflect variations in the relative etiopathological roles of genetic, neurobiological, and environmental factors (27, 32, 33). OCD presenting with comorbid illnesses tends to be more severe, with a more chronic course, and higher negative consequences on daily life functioning (34). It is also possible that changing diagnostic criteria and conceptualizations over time influence comorbidity rates.

Given the reported variations in comorbidity frequency across OCD samples, and the clinical and research implications of these differences, a critical evaluation of the extant literature is required. As a result, we report here a systematic review and meta-analysis of OCD comorbidities with the aim to estimate lifetime prevalence and age-related patterns of comorbidity (psychiatric, personality, and medical/neurological disorders) in OCD. A secondary aim was to examine the association between comorbidities and demographic (age at assessment, gender distribution) and clinical variables (age of onset, illness severity).



METHODS


Search Strategy and Selection Criteria

We carried out a comprehensive search according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (35) across four databases–PubMed, Scopus, PsycINFO, and EMBASE. We looked for studies published between 1979 and October 2020 in keeping with the publication timelines for ICD-9 (36)/DSM-III (37) using a title search for terms “obsessive compulsive disorder,” “OCD,” “obsessive compulsive,” and “OC.” We looked at clinic or community based original studies published in English, meeting the following inclusion criteria: (i) OCD diagnosis meeting criteria on ICD-9/DSM-III or later versions, (ii) Diagnosis ascertained using standardised diagnostic interviews/instruments, (iii) OCD sample size ≥100, (iv) Reporting prevalence of comorbid disorders in frequency/percentages. Included studies were required to have at least 100 individuals with diagnosed OCD, in order to detect comorbidities at a least rate of 1%. Studies with comorbidity-based selection of participants were excluded. The protocol for this systematic review has been published on the International Prospective Register of Systematic Reviews (PROSPERO) (ID: CRD42020215904). Search results were imported into Covidence software (Veritas Health Innovation, n.d.) and all stages of screening and data extraction were completed on that platform. Each eligible study was screened, at both the title/abstract and full text screening stages, by two independent reviewers (from a team of ten reviewers). Conflicts were resolved by the lead reviewers (ES, LPS), who had an inter-rater agreement of more than 94%.



Data Extraction and Assessment

Data from each study was independently extracted by two reviewers and then finalised by consensus. We extracted data on current and lifetime prevalence rates for all reported comorbid diagnoses. If a study did not state explicitly the examination of lifetime vs. current comorbidity, we subsumed reported rates under lifetime comorbidity. Other data extracted from each study included sample size, mean age at assessment (AAA), mean age of onset (AOO) of OCD, gender distribution (percentage of males), OCD illness severity rated on the Yale-Brown obsessive compulsive scale (Y-BOCS) (22, 23) or child Y-BOCS (CY-BOCS), respectively (38), country in which the study was carried out, time period of data collection, classification system used, diagnostic instrument used, study design, and recruitment source of participants [e.g. clinic-based (from treatment-seeking individuals presenting to the clinic) vs. community-based (from the general population), i.e., community based studies included all referrals from the community while the clinics only serve a selected proportion of all patients in the community]. Where reported, comorbidity data was extracted for both broad categories (e.g., mood disorders, anxiety disorders), as well as individual diagnoses [MDD, bipolar disorder, generalised anxiety disorder (GAD), etc.]. We combined prevalence of mania and bipolar disorder, and of schizophrenia and psychotic disorders. All other diagnoses were kept as reported.



Statistical Analysis

All analyses were carried out with the R software (39), using the packages metaphor (40), meta (41), & weight (42). Meta-analysis of proportions, using random-effects models were carried out to estimate the pooled prevalence of each comorbidity. Only studies that explicitly reported rates of a particular comorbidity were included in the meta-analysis of that particular comorbidity. As most of the comorbidities had a prevalence rate of <20%, we used a double-arcsine transformation to ensure normality of the variance estimates. The pooled prevalence was then calculated using the DerSimionian-Laird inverse variance approach (43). This approach ensures that a study with a larger sample size is given more weight compared to a study with a smaller sample. The pooled prevalence estimates, along with the 95% confidence and prediction intervals are reported after back-transformation to percentages. The heterogeneity of the pooled estimates are reported using the I2 statistic and its p-value.

We used several methods for quality check of the meta-analysis (Supplementary File 2). Baujat plots, influence plots & the leave-one-out method of sensitivity analysis were used to look for studies with prevalence estimates that were outliers, along with their weightage. Data extraction from these studies were double-checked. If the study was found to be an outlier with a considerable effect on the pooled prevalence estimate for a particular comorbidity, then it was excluded from the analysis of only that comorbidity.

Subgroup analysis was done to look for the effect of age subgroups (adult: mean age ≥18 years; paediatric: mean age <18 years). Separate random-effects meta-analysis models were generated to estimate pooled prevalence estimates within these subgroups. Only those comorbidities that had at least 5 studies within the subgroups were meta-analysed. Subgroup effect is indicated using the R2 (indicates heritability explained by the moderator), I2 (residual heterogeneity of the meta-analysis after considering the moderator), and the Cochrane's QM statistic with its p-value. We also carried out meta-regression analysis with AAA, AOO, mean Y-BOCS/CY-BOCS total score (a measure of illness severity), and the percentage of male gender. We used the QM and corresponding p-value to test significance of the moderator.




RESULTS


Study Selection

The PRISMA flow diagram is illustrated in Figure 1. From an initial set of 52,894 studies, 134 studies were short-listed for extraction following full-text screening. Following the extraction process, an additional 29 studies were excluded given concerns related to pooled samples (i.e., individual samples recruited for different studies that differed in selection criteria), and sample overlaps. In the latter case we retained comorbidity data from whichever reference reported on the largest sample from a given study, for each comorbid diagnosis. We chose to include comorbidities that had at least 5 studies reporting their prevalence within their samples. Among the 105 studies finally identified, 6 had community based recruitment. Pooling results from clinic- with community-based studies may suffer from biases given the conceptual and design differences in these two kinds of research. We have used only clinic-based studies, which reported lifetime comorbidities (n = 91), in our meta-analysis. Findings from community based studies have been qualitatively summarised separately. All selection decisions were reached by consensus.


[image: Figure 1]
FIGURE 1. PRISMA flow diagram.




Quality Check

Supplementary File 2 (Figures 1.1–1.36) shows the steps for quality control, and studies that were excluded from the final analysis. Studies in the top right area of the Baujat plot (marked in red in the influence plots) were considered for exclusion.



Characteristics of Clinic-Based Studies Included in Quantitative Meta-Analysis

Supplementary File 1 contains Tables (1–36) of all included studies for each comorbid disorder. The meta-analysis included 91 studies published over 3 decades (1992–2020). The pooled sample size of 15,808 individuals is marginally female predominant (51.5%); in both adult (females ~ 51.4%) and paediatric studies (females ~ 52.1%), in keeping with epidemiologic patterns (44, 45). Around 90% studies used the DSM-IV (46)/ICD-10 (47) or later diagnostic criteria to define OCD and comorbid disorders. There were 16 studies on paediatric OCD. Mean age varied between 11 and 15 years in the paediatric studies, and between 23 and 45 years in the adult studies. A majority of the studies reported on findings from cross-sectional assessments (66.3%). More than 30% of studies were conducted in the United States (USA), followed by Italy (10%) and The Netherlands (9%). Samples represented patients from highly developed nations such as Norway, Germany, Sweden, Australia, The Netherlands, and Denmark, as well as developing countries including South Africa and India (48). Less than 20% of the studies explicitly reported current comorbidities. We have pooled lifetime comorbidity rates in the meta-analysis.



Pooled Prevalence Estimation in the Total Sample

Figure 2.1.1–2.36.2 in Supplementary File 3 shows the results of the main meta-analysis for each disorder. Tables 1, 2, and Figure 2 show results of the main meta-analysis for each disorder, along with the number of studies and the total number of OCD subjects represented within the studies. In entirety, 69% (95% CI 59–78%) of the pooled sample had any psychiatric comorbidity. The most common comorbidity type, according to the highest pooled prevalence, was mood disorders, with a prevalence of 48% (95% CI 39–57%). The second most common comorbidity type was anxiety disorders, with a pooled prevalence of 32% (95% CI 24–40%). Other prominent comorbidities included ADHD [16% (95% CI 13–19%)], tic disorders [14% (95% CI 11–17%)], and OCRDs [14% (95% CI 4–28%)]. Autism spectrum disorders (ASD) [6% (95% CI 4–8%)] and oppositional defiant disorder (ODD) [12% (95% CI 2–29%)] were primarily reported in paediatric studies (only 1 study on adults reported ASD, while none reported ODD). The prevalence of personality disorders, from studies on adults, was also found to be high [35% (95% CI 28–42%)]. Among personality disorders, the most commonly reported was obsessive-compulsive personality disorder (OCPD) [17% (95% CI 12–22%)]. A very high level of heterogeneity (I2 > 90%) was found for nearly all the comorbidities examined.


Table 1. Pooled prevalence of psychiatric comorbidities in obsessive compulsive disorder.
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Table 2. Pooled prevalence of personality disorder comorbidities among adults with obsessive compulsive disorder.
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FIGURE 2. Pooled prevalence rates by comorbidity.




Subgroup Analysis

Figure 3 and Table 1 show the comparison of pooled prevalence estimates between the adult vs. paediatric subgroups. Pooled prevalence for any psychiatric comorbidity was similar in adult studies and paediatric studies (71 and 64%, p = 0.51). Anxiety disorders were the most common comorbidity in the paediatric subgroup whereas mood disorders were the most common in the adult subgroup. Significant differences between the subgroups were found for MDD (41 vs. 17%, p < 0.001), and GAD (15 vs. 27%, p = 0.029), whereas NDDs, specifically tic disorders and ADHD showed similar pooled prevalence across adult and paediatric subgroups.


[image: Figure 3]
FIGURE 3. Pooled prevalence rates by comorbidity in adult and paediatric subgroups.


Figure 3.1–3.36 in Supplementary File 4 shows figures depicting the results of the meta-regressions, for each comorbidity. Significant associations are presented in Figures 4–7. Significant effects of AAA were found for MDD (higher AAA, higher MDD), GAD (higher AAA, lower GAD), panic disorder (higher AAA, higher panic disorder), psychotic disorder (higher AAA, lower psychotic disorders), and substance use disorders (SUDs) (higher AAA, higher SUD)]. Significant effects of AOO were found for GAD (lower AAO, higher GAD), post-traumatic stress disorder (PTSD) (lower AOO, higher PTSD), agoraphobia (lower AOO, higher agoraphobia), body dysmorphic disorder (BDD) (lower AOO, higher BDD), ODD (lower AOO, higher ODD), and personality disorders (higher AOO, higher personality disorders). Y-BOCS total score, representing OCD severity, was significantly associated with lower rates of comorbid panic disorder (higher Y-BOCS, lower comorbid panic), tic disorders (higher Y-BOCS, lower comorbid tics), any OCRDs (higher Y-BOCS, lower OCRDs), anorexia nervosa (higher Y-BOCS, lower anorexia nervosa), and OCPD (higher Y-BOCS, lower OCPD). Percentage of male gender within the sample was associated with higher prevalence of any psychiatric comorbidity, bipolar disorder, psychosis, agoraphobia, specific phobia, ADHD, and ODD.


[image: Figure 4]
FIGURE 4. Significant meta-regressions by mean age at assessment of samples. Rates of MDD, Substance use & Panic Disorder are higher in older samples, whereas rates of Schizophrenia/Psychosis & GAD are higher in younger samples.



[image: Figure 5]
FIGURE 5. Significant meta-regressions by mean age of onset of samples. Rates of GAD, Agoraphobia, ODD, PTSD & BDD are higher in samples with earlier mean age of onset, while rates of Personality Disorders are higher in samples with later age of onset.
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FIGURE 6. Significant meta-regressions by mean Y-BOCS/CY-BOCS total score in the samples. The prevalence rates of Panic Disorder, OCRDs, Tic Disorder, Anorexia Nervosa & OCPD are lower in samples with higher illness severity.
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FIGURE 7. Significant meta-regressions by percentage of males within samples. The prevalence rates of Any Psychiatric Illness & ODD are higher in samples with higher percentage of males. Bipolar Disorder, Schizophrenia/Psychosis & ADHD show a similar trend.




Comorbidity Patterns in Community-Based Studies

Six community-based studies (Table 3) met the selection criteria of this meta-analysis. These studies were published between 1988 and 2020. All these studies involved cross-sectional assessments on adult participants. These studies were based on five community surveys—Epidemiologic Catchment Area study (ECA) in the USA (65, 71), the Singapore Mental Health Studies 2010 and 2016 (69, 70), a population-based study from Iran (68), and the British National Psychiatry Morbidity Survey 2000 (66). A direct comparison between epidemiologic/ community- and clinic-based samples was not made, due to the stark difference in numbers, as also, more fundamentally, study conceptualisation and design. Reports from the ECA survey highlight the instability in primary and comorbid diagnoses in community surveys (65, 71), perhaps influenced by recall bias and reporting variations due to stigma (69). The ECA studies (65, 71) reported comorbidities including mood disorders, anxiety disorders, substance use disorders, schizophrenia, and schizophreniform disorders. Those with a stable diagnosis across waves 1 and 2 had lower age of onset and higher rates of depressive and anxiety disorders, substance use and schizophrenia (71). The Singapore national mental health surveys (69, 70) described comorbidity patterns of psychiatric disorders as well as medical disorders. The study from Iran (68) found OCD to be highly comorbid with depressive and anxiety disorders; they also reported prevalence of comorbid severe mental illness (bipolar disorder, schizophrenia) and epilepsy. The British study (66, 67) described various substance use comorbidity patterns and a screening report on personality disorders with OCD. Overall, these studies reported prevalence of depressive disorders, the most common comorbidity, ranging from 14 to 43%. Rates of anxiety disorders varied (Specific phobias: 5–46%, GAD: 5–31%, Social phobia: 8–25%, Panic disorder: 6–26%). The prevalence of schizophrenia was between 2 and 3%, except for a higher prevalence of 17.9% reported in wave I of the ECA study (65). However, this study had a substantially lower number of individuals (<12%) with a “stable” diagnosis of OCD (71). The rates of alcohol and substance use disorders varied widely across studies.


Table 3. Prevalence of comorbidities in obsessive-compulsive disorder in community surveys.
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GRADE Based Evaluation of the Pooled Prevalence Estimates for Comorbidities

The GRADE (Grading of Recommendations Assessment, Development and Evaluation) approach was primarily designed for clinical practice guidelines. No formal guidelines exist for applying these to systematic reviews of prevalence (72). We have adapted Iorio's et al. (73) suggestions for operationalization of the GRADE approach for prognosis estimates. The Tables 1, 2 in Supplementary File 5 presents the GRADE scoring for pooled estimation of each comorbid condition. The findings are summarised below.


Risk of Bias

Stringent selection criteria substantially reduced the risk of bias. For the meta-analysis, we included only studies that reported on a clinical cohort of patients with OCD, who were not selected (included or excluded) on the basis of any comorbidities. A diagnosis of OCD and comorbid disorders was made using standardised assessment instruments. In our estimation of pooled prevalence rates, we have considered several covariates by moderator analyses, as discussed earlier. Sensitivity analyses were conducted with Baujat plots, influence plots and the leave-one-out method. A considerable impact on the pooled prevalence rate was found only for OCPD. The outlier study, in this case, was removed in the final pooled prevalence estimation. For all other comorbidities, outliers did not significantly change the pooled prevalence estimates.



Inconsistency

Heterogeneity was considerable, and statistically significant, across comorbidities except for ASD, Bulimia nervosa and ASPD. As discussed, this may be due to variations in demographic, socio-cultural, clinical characteristics and study methods. With sub-group analysis for adult, vs. paediatric, studies, we have accounted for some of these variables. Our selection criteria required a minimum sample size of 100 OCD patients. Our interest was to detect comorbidities at a low rate of 1%. The included studies however varied in the sample sizes. Only one study had a sample size of 100. A majority (49.5%) of the studies had a sample size between 101 and 200, another 23.1% had a sample size of 201–300. Inconsistency may have impacted the results of the meta-analysis.



Imprecision

This is possibly a problem with select comorbidities. The pooled prevalence rates (across adult and paediatric studies) have wide confidence intervals for OCRDs, varying from <5 to >25% for any OCRD; <1–>6% for BDD, and ~1–>7% for Trichotillomania. If we consider only studies on adults, the confidence intervals widen, for any OCRD varying between ~6 and >30%; for BDD <1–>7%; for trichotillomania between ~1 and >10%. Wide confidence intervals were also seen for three comorbidities in the paediatric sub-group—MDD [17.1% (95% CI 6.3–31.6)], Panic disorder [6.1% (95% CI 0.5–16.4)], and ODD [12.5% (95% CI 2.3–28.7)]. Therefore, the pooled prevalence rates for these comorbid disorders score low in terms of precision.



Indirectness

The meta-analysis in this paper is generalizable to clinical populations of patients with OCD. We have attempted to compare pooled prevalence rates with those seen in community based studies, with comparable sample sizes of OCD patients, however, such studies were only 6 in number. A large number of community based studies were excluded because, expectedly, they had much smaller numbers of OCD patients.



Publication Bias

Funnel plot, Egger's test, and Begg's test were used to examine publication bias. Either of the two tests was significant for schizophrenia/any psychotic disorder, OCPD and narcissistic personality disorder. Funnel plots showed asymmetry for dysthymia, agoraphobia, PTSD, any eating disorder, and schizoid personality disorder. The pooled prevalence rates for these comorbidities may therefore have been affected by publication bias. Nearly 50% of the 91 included studies in the meta-analysis reported rates for MDD, however, personality disorders, and psychotic disorders were reported in <20% of the studies, suggesting that these comorbidities are left out in the evaluation of comorbidities in clinical studies, perhaps due to their comparatively lower prevalence.

Three comorbidities (ASD, Bulimia nervosa and ASPD) had a GRADE score 5 out of 5; most other comorbidities (n = 21) scored a 4 out of 5, and the remaining (n = 12) scored a 3 out of 5. MDD and panic disorder also scored a 3 out of 5 for paediatric studies. Based on ratings on the GRADE criteria, we interpret a moderate to high confidence in the pooled prevalence rates for comorbidities in OCD from our meta-analysis.





DISCUSSION

This is the first systematic review and meta-analysis to examine comorbid disorders across the lifespan in individuals with OCD. The meta-analysed studies were clinic-based and reported original findings on individuals with OCD, evaluated using standardised diagnostic interviews/instruments. We chose to report lifetime comorbidities in this paper, since these were reported in the largest number of studies. We grouped the studies into adult and paediatric subgroups to examine comorbidity rates from a lifespan perspective. Meta-analyses for individual comorbidities had high heterogeneity (I2 80–98). High heterogeneity may reflect variations in demographic (mean age, gender distribution), socio-cultural (country of origin), and clinical (age of onset of OCD, illness severity) characteristics, besides differences in research methods (study design, recruitment source, decision-making processes, measurement errors, recall biases in reporting lifetime comorbidity etc.). Interestingly, heterogeneity was statistically non-significant for ASD, bulimia nervosa and anti-social personality disorder (ASPD). Based on the GRADE criteria (risk of bias, inconsistency, imprecision and indirectness, and publication bias) we report a moderate to high confidence in the presented pooled estimates.


Comorbid Disorders in OCD

Lifetime psychiatric comorbidities were present in 69% of the pooled sample. All comorbidities were manifold times higher than general population prevalence expected for the individual disorders (49–55, 57, 59–64, 74, 75). Overall rates were slightly (although non-significantly) higher in adult (71%) vs. paediatric (64%) subgroups, which stands to reason given that lifetime rates were being noted, and as paediatric OCD is known to persist long-term in ~40% of cases (76). Mood disorders, anxiety disorders, NDDs and OCRDs were the most common comorbidities. Bio-psycho-social commonalities across these disorders spanning genetic, temperamental (32, 33), and neuropsychological vulnerabilities (77) plausibly account for these observations. Community based surveys on adults were similar to clinic-based studies in terms of the most common comorbid disorders (depressive disorders followed by anxiety disorders), however, at much lower prevalence rates.



Comorbidity Patterns in Adult and Paediatric Subgroups

Commonest lifetime comorbidities differed across adult and paediatric subgroups. Anxiety disorders were the most common in children, vs. mood disorders in adults. These perhaps reflect etiopathological origins and natural history of these disorders. Anxious temperament traits such as high harm avoidance (78) and shyness/behavioural inhibition (79) are seen in children with anxiety disorders and OCD. As such, a shared developmental/temperamental vulnerability may lead to emergence of both disorder types at a young age (80, 81). Compulsive behaviours possibly provide anxious youth with increased perceived control over uncertainty, given that they have less direct control over their environment than adults (80). A shared vulnerability to anxiety could also explain our findings of an association between lower AOO of OCD and higher comorbid rates of GAD. In comparison, onset of mood disorders (regardless of OCD comorbidity) tends to occur after that of anxiety disorders, and often in adulthood (82). The high lifetime prevalence of mood disorders in adults could suggest a secondary impact of OCD over time, i.e., resultant from cumulative patterns of avoidance, increased negative emotional states, impairment, and reduced quality of life.

The similarity between NDD comorbidity rates across adult and paediatric subgroups is potentially unexpected, and subsequently worthy of discussion. It is generally believed that NDD comorbidities are more prevalent in children than adults with OCD. This would be reflected in rates of current comorbidity, as opposed to our examination of lifetime comorbidity in this meta-analysis. The youngest sample (83) in this meta-analysis had a mean age of around 12 years, therefore the pooled sample had crossed the typical age of onset/presentation for ADHD and tic disorders (84). Similar lifetime rates for NDDs in children and adults with OCD suggest a neurodevelopmental continuum in the etiopathogenesis of this disorder.

Comorbidity rates of ASD could be reliably pooled only from paediatric studies. ASD and OCD are often difficult to differentiate in young children due to an inadequately developed verbal repertoire to express experiences of obsessions, and the phenomenologically similar repetitiveness and inflexibility in behaviours (85). According to our analysis, around 6% children with OCD may have comorbid ASD. The reverse comorbidity, i.e., OCD in children with ASD, is almost double (86).

Childhood OCD affects not only the individual child, but invariably also involves primary caregivers, by means of family accommodation (87). Moreover, therapists and parents often find it challenging to differentiate avoidance, and anxiety-related impairment from, say, oppositional behaviours. In this context, a comorbid ODD rate of 12% indicates the need for comprehensive functional behavioural analysis, as well as a careful psychotherapeutic plan that ties in treatment components for both disorders (88).



Age Trends in Comorbidity

To better understand comorbidities across the lifespan, we used two age related variables, AAA and AOO, in moderator analysis by meta-regression. An increasing AAA was associated with an increase in prevalence of MDD, panic disorder and SUDs, and a decrease in prevalence of GAD and psychosis. An increase in AOO was associated with an increase in prevalence of personality disorders and a decrease in prevalence of GAD, PTSD, BDD, ODD, and agoraphobia. These trends are clinically informative in guiding inquiry for comorbidities.

The typical onset for MDD (82), panic disorder (89), and SUDs (90) is around early adulthood. We found the same when they were comorbid with OCD. It is possible that the detrimental psychological impact of a chronic and disabling OCD manifests around the stressful period of transition to adulthood in the form of depressive and panic disorders or as maladaptive coping with substance use. Personality disorders may reflect another vulnerability profile wherein OCD is triggered during a stressful transition to adulthood. In contrast, anxiety related comorbidities (GAD, PTSD, agoraphobia) decrease with a later AOO. As discussed earlier, these seem to emerge from shared developmental/temperamental vulnerabilities between OCD and anxiety disorders in youth. The interactive influences of childhood traumatic experiences, dissociative experiences, and vulnerabilities to anxiety are interesting in this regard (91, 92). Consistent with their emergence in young childhood and adolescence, comorbidity rates for ODD and BDD also fell with later AOO.

The above discussion suggests that clinicians should be aware of NDD comorbidities throughout the life span, while also considering higher risk of disruptive behaviours in young children, OCRDs (BDD), PTSD, and anxiety disorders (GAD) in children and adolescents, and the emergence of mood/anxiety, substance use, and personality disorders during the transition to adulthood.



Gender Differences in Comorbidity

Consistent with previous research indicating greater comorbidity risk in males compared to females (24, 93), samples with a higher proportion of males were associated with higher comorbidity rates of any psychiatric disorder, ADHD, bipolar disorder, psychosis, specific phobia, agoraphobia, and ODD. Surprisingly, we did not find a higher prevalence of tic disorders and substance use disorders among males. The lack of a gender association in mood and anxiety disorder prevalence was also consistent with previous work (24, 93, 94); however, unlike previous reports, we did not find a higher prevalence of eating disorders in females (95).



Illness Severity may Preclude a Diagnosis of Certain Comorbidities

We found that a high illness severity was associated with low comorbidity rates for tic disorders, panic disorder, OCRDs, anorexia nervosa and OCPD. Our finding on tic disorders is in line with previous research in that tic-related OCD severity was either comparable (11, 96) or measured as being lower (97) than non-tic related OCD in baseline measures. In fact, a longitudinal study recorded higher rates and a shorter time to remission in youth with OCD, suggesting that developmental processes that result in a natural remission of tics possibly impact comorbid OCD outcomes as well (98).

There may also be a practical clinical explanation for these findings. As these comorbidities have phenomenological overlap with OCD—repetitive thoughts/urges/behaviours in tics, OCRDs, anorexia nervosa and OCPD; distressing anxiety in panic disorder—clinicians may be more likely to subsume comorbid symptoms under the OCD diagnosis in those with a severe illness. For example, if an individual's panic attacks are understood as resulting from the excessive anxiety triggered by obsessions, they might not be identified as a distinct comorbidity. Similarly, certain motor or vocal tics may be mistaken for compulsive behaviours triggered by sensory phenomena, while cognitions driving OCRDs, anorexia nervosa and OCPD may be identified as obsessive in nature. On the other hand, clinicians who conceptualise these disorders as distinct comorbid phenomena may rate a lower severity for OCD when contributions from comorbidities are disregarded. It is implied that diagnostic evaluation be done over multiple consultations and repeated in follow-up for clarity on phenomenological and comorbidity profile.



Comorbid Personality Disorders in OCD

Personality disorders were prevalent in ~35% of the pooled sample from studies on adults with OCD. While this rate was lower than mood disorders (54%), it was similar to anxiety disorders (32%). OCPD was the most common personality disorder (17%), followed by anxious-avoidant personality disorder (AAPD) (9%), and borderline personality disorder (BPD) (9%). Given these high comorbidity rates, it is noteworthy that <15% studies on adult OCD reported personality disorders. An earlier meta-analysis reported OCD to have a higher probability of comorbid personality disorders, in comparison to anxiety disorders (99). A report from the Nepean OCD study suggested that comorbid OCPD is associated with prominent symptoms, intense co-occurring psychopathology, and greater distress (100). In another systematic examination of clinical correlates of comorbid personality disorders in OCD, phenomenological and mood disorder comorbidity related differences were reported across OCPD, BPD, and AAPD (101).



Implications

This is, to our knowledge, the largest meta-analysis of OCD comorbidity over the lifespan. Lifetime comorbid psychiatric illness is the rule rather than the exception in OCD, regardless of age. This may reflect common underpinnings across psychiatric disorders (102), overlapping phenotypes and/or sequelae of OCD pathology. In this context, information from our meta-analysis on base rates of common comorbid disorders with OCD would improve their identification and overall diagnostic efficiency (103). Our findings suggest that age, both of onset and at assessment, is a relevant factor influencing comorbidity profile and thereby, also treatment. Clinicians must screen for neurodevelopmental disorders in both children and adults, for anxiety and obsessive-compulsive related disorders in children, and for mood, substance-use, and personality disorders in adults. A high prevalence of comorbid personality disorders emphasises the need to include these in the clinical evaluation of all adults presenting with OCD. Males have a higher risk for comorbidity with NDDs, SMIs, and certain anxiety disorders. Several phenomenologically similar comorbidities such as tic disorders, OCRDs, OCPD, anorexia nervosa, and panic disorder, may be missed in individuals with a severe OCD. This suggests a need to track not only diagnostic severity over time, but also symptom profiles, for a more definitive comorbidity assessment.

High heterogeneity values in our analyses, and consequent wide prediction intervals, result from a high inter-study variability. These persist even with sub-group analyses for paediatric vs. adult studies. Quality-controlled, multi-centre, large studies, using prospective designs are needed to evaluate comorbidities in OCD comprehensively.



Limitations

The following limitations in our research are noted. First, paediatric samples were under-represented compared to adults, likely due to general limitations in the extant literature on childhood OCD and our selection criteria requiring a OCD sample size of ≥100. Second, comorbidity evaluation was not consistent across studies, with several comorbidities not commonly reported in paediatric OCD studies (e.g., bipolar disorder, OCRDs, eating disorders, PTSD, psychosis) and only one adult study recording comorbidity rates for ASD. Third, a more nuanced lifespan examination of comorbidities was not possible given the nature of included samples and a lack of studies representing the elderly population with OCD. Fourth, several studies did not explicitly state assessment of lifetime vs. current comorbidities. To maximise data utilisation from the studies we treated all studies unclear in this regard as reporting lifetime comorbidity rates. Fifth, we did not find enough no. of studies that reported medical/neurological comorbidities. Sixth, due to lack of clarity on their use of standardised assessments, several large samples (e.g., registry based datasets), were not represented. Seventh, we could include only clinic-based studies for meta-analysis, given the conceptual differences from community-based studies of which there were only a few with substantial numbers of individuals with OCD. The results of the meta-analysis are generalizable, therefore, to treatment-seeking clinical populations. However, clinic-based studies may suffer from Berkson's bias (104), i.e., clinical samples of OCD are more likely to be comorbid and therefore may show higher comorbidities compared to general population or community settings. Eighth, given the aims and nature of epidemiologic research, our inclusion Criteria for a sample size of ≥100 individuals with OCD would have resulted in the exclusion of a large number of community-based studies, especially those that assessed children and adolescents. Finally, while outside of the scope of the current paper, it is notable that several other factors may influence comorbidity rates, including study design, year of publication, country of origin, and socio-cultural differences.



Future Directions

It would be useful to study comorbidity patterns uniformly, using standardised diagnostic instruments, across multiple centres. Prospective follow up of large clinical and community cohorts of OCD, would enable one to track development, onset and evolution of comorbidity, and identify putative risk factors that may inform better interventions, including prevention strategies. Such systematic data may also inform further study into phenomenological/ clinical endophenotypes of obsessive-compulsive disorder.




CONCLUSION

In this first meta-analysis on comorbidities in OCD across the lifespan we found that more than two thirds of patients, children or adults, have comorbid disorders. NDDs are equally prevalent in children and adults, whereas anxiety disorders (children > adults) and mood disorders (adults > children) show age related variations. Age at assessment, gender, age of onset, and illness severity are significant factors impacting comorbidity prevalence in OCD. This meta-analysis suggests the need for a screening, guided by the age at assessment, and a longitudinal tracking, especially of symptoms that may be phenomenologically related to OCD, for a comprehensive ascertainment of comorbidities.
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Psychotropics used = SSRISNRI (n = 11), anxiolytic (n = 3), hypnotics (n = 1),
anti-psychotics (n = 2), Ritalin (0 = 1), anti-epileptics (n = 1). PEAS, The Patient
EX/RP Adherence Scale; Y-BOCS, The Yale-Brown Obsessive-Compuisive Scale; PHQ-
9, Patient Health Questionnaire-9; GAD-7, Generalized Anxiety Disorder Scale-7; WSAS,
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Pre 033 -0.17 0.09
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PEAS, Patient Exposure/Response Prevention Adherence Scale; Y-BOCS, Yale-
Brown Obsessive Compuisive Scale; PHQ-9, Patient Health Questionnaire 9; GAD-7,
Generalized Aniety Disorder 7; WSAS, Work and Social Adjustment Scale; WEMWBS,
The Warwick-Edinburgh Mental Wellbeing Scale. 'p < 0.05, “p < 0.01.
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With good or fair insight: The individual recognizes that
obsessive-compuisive disorder beliefs are definitely or
probably not true or that they may or may not be true.
With poor insight: The individual thinks.
obsessive-compulsive disorder beliefs are probaby true.
With absent insight/delusional beliefs: The indivicualis
completely convinced that obsessive-compulsive
disorder beliefs are true.

Tic-related: The individual has a current or past history of
atic disorder.
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Neuropsychological
findings
Treatment Response

Course and Outcome

Pediatric OCD

0.84% prevalence (1/3-1/2 remission rate)

9-10 (with an SD of 2.5 years)

F>M

Ghildren- Intrusive fears of harm or loss of attachment
figures. Hoarding. Symmetry and ‘just right’ phenomena.
Fewer concrete cognitive obsessions. Adolescents-
sexual, moral and religious themes, scrupulosity.
Contamination fears.

Limited- only 63% have good or excellent insight

Up t0 80%- Mood and anxiety conditions, ADHD, Tic
disorders, ODD, DMDD, ASD (~5%)

Greater family involvement leads to worse OCD
symptoms and greater functional impairment

26% risk of OCD in a first degree relative

Increased rates, especially in boys with OCD

Increased rate of traumatic and stressful ife events
Possible association with GABHS infections. Link with
humeral immunodeficiency

Similar o adult findings, possible increased assymetry of
thalamus and palladium volumes and increase in total
brain volume:

Deficits in working mermory, visuospatial test
performance and processing speed.

Complicated by prevalence and diversity of
co-morbidities, and increased risk of behavioral
activation and suicidal ideation accompanying SSRis in
youth

‘Worse outcomes with co-morbid externalizing conditions
and greater degrees of family accommodation. Overall
higher rates of remission and symptoms becoming
subclinical

Adult-onset OCD

1-89% prevalence
22-24 years
F>M

Contamination, more stable over time and across fewer
categories of obsessions/compuision types.

13.8-30.7% have poor to no insight
Mood and anxiety disorders

Family accommodation also seen in relatives of adult
onset OCD but less direct involvement in rituals

12% risk of OCD in a first degree relative
Associated with an earlier age of OCD onset

Association with PTSD

Possible basal ganglia inflammation. Link with humeral
immunodeficiency

GSTC: OFC, ACG, striatum, thalamus:

Inconsistent- salient domains include attention, executive
function, short-term memory and visuospatial function

SSRIs and CBT

Few cases of full remission over time
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Frequency
(percentage) or mean
(SD) or median (IQR)

Gender female 1 (%) 158 (42)
1 mean (D) 108.93 (17.26)
Age baseline mean (SD) 10.48 (1.89)
Age follow-up mean (SD) 14.24 (1.84)
Socioeconorric status baseline mean (SD) 2159 (4.38)
Socioeconormic status follow-up mean (SD) 2155 (4.38)
Any psychiatric disorder baseline® n (%) 114 (30)
Any psychiatric disorder follow-up® n (%) 106 (28)
OCD baseline® n (%) 108)
OCD follow-up? n (%) 5(1.3)
OCS median (IQR) 109

?Based on the Development and Well-Being Assessment (DAWBA) questionnaire.
SD, standard deviation; IQR, interquartile range; IQ, intelligence coefficient; OCD,
Obsessive-compulsive disorder.
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p-value
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Left thalamus

Count model

Left thalamic SPC
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Age
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Zero-hurdle model
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-0.575
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B
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0.300

p-value
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0213

SPC, Symmetrized Percent Change; OCS, obsessive-compulsive symptoms. p < 0.05.
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symptoms symptoms compulsive
symptoms
Adijusted coefficient P Adjusted coefficient P Adjusted coefficient P Adjusted coeffi P
(C195%) (C195%) (C195%) (C195%)%

Maternal characteristics
Age (years) - - = - B = - -
Marital status—ref. Without partner 3.63(1.76-5.5) <0.001 086 (0.22-151) 0.009 1.37 (0.66-2.07) <0.001 - -
Educational level—ref. Complete elementary - -
Iliterate/incomplete elementary - = - = = - - -
Finished college and higher - - - - - - - -
Socioeconomic status —ref.=C income class - -
ABincome class. - - - - - - - -
D/E income class - - = . = = - =
Maternal psychiatric condition
Bipolar disorder ffetime - - - - - - 047 (0.10-083) 0012
Any mood disorder current 10,06 (7.39-12.74) <0001 3.63(2.71-4.56) <0001 2.92 (1.91-3.99) <0.001 047 (0.22-0.71) <0001
Panic disorder lifetime - - - - - - - -
Any anxiety current 10.21 (7.59-12.84) <0001 387 (2.96-4.78) <0001 259 (1.60-3.58) <0.001 0.69(0.46-0.92) <0001
Any substance use related disorder current - - - - - - 0.78 (0.08-1.49) 0,030
Psychotic syndrome lfetime - - - - - - - -
Attention deficit hyperactivity disorder lifetime 9.55 (2.92-16.19) 0.005 3.27 (0.98-5.57) 0.005 3.09 (0.58-5.59) 0.016 - -
DYBOCS-SV
Aggression/violence score 1.08 (0.59-1.48) <0001 033 (0.17-0.048) <0001 0.35 (0.19-0.52) <0.001 0.08(0.04-0.12) <0001
Sexual/religious score - - 0.23(0.05-0.40) 0014 - - 009 (0.04-0.14) <0001
Symmetry/ordering score 1.08 (0.47-1.68) 0.001 0.23 (0.02-0.44) 0.030 0.47 (0.27-0.67) <0.001 - -
Contamination/cleaning score 0.87 (0.14-1.61) 0020 035 (0.10-061) 0,007 - - 0.14 (0.08-0.20) <0001
Colectting/hoarding score 1.19 (0.44-1.94) 0.002 = = 0.47 (0.19-0.76) 0001 - -
Children characteristics
Age (years) - - 0.26(0.10-0.42) 0.002 = = - -
Gender (ref. Male) 2,98 (1.23-4.73) 0.001 - - 1.48 (0.82-2.15) <0.001 - -
N 2.485 2.485 2.485 2511
R 21.9% 22.0% 15.1% 15.6%

R? adjusted 21.6% 21.7% 14.9% 15.4%
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Complete elementary/ incomplete middle
Finished College and Higher
Socioeconomic status, N (%)

AB

C

D/E

Psychiatric disorders, N (%)

Bipolar disorder lfetime

Any mood disorder current

Panic disorder Ifetime

Any anxiety current

Any substance use refated disorder current
Psychotic syndrome lfetime

Attention deficit hyperactivity disorder fifetime
Any OCS symptom, N (%)
Aggression/violence

Sexual/religious

Symmetry/ordering
Contamination/cleaning
Collecting/Hoarding

DYBOCS-SV scores, mean = SD
Global score

Aggression/violence score
Sexual/religious score
Symmetry/ordering score
Contamination/cleaning score
Collecting/Hoarding score

N=2511

36.4+69

807 (32.5)
1,678 (67.5)

607 (24.4)
1,791 (72.1)
85(3.4)

878 (42.7)
1,017 (49.5)
160 (7.8)

166 (6.6)
491 (19.6)
216(8.6)
583 (23.4)

33(1.8)
170 (6.8)
44(1.8)

1.004 (40.0)
809 (32.2)
347 (13.8)
411 (16.4)
281(11.2)
273(10.9)

36+69
14£25
06+2.0
07419
05+156
04£13
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Y-BOCS

Adj.R? Fcha SignF cha Adj.R? Fcha SignF cha Adj.R?

Ageandsex -002 056
Pre -005 0.4
PEAS 021 1331
Final step of the equation
B t
Age -001 005
Sex 004 029
Pre -000 -0.03
PEAS 053 365

0.575
0.710
0.001

P

0.983
0776
0.978
0.001

-0.02
0.18
037

B

-0.14
-0.04

0.34
-0.48

PHQ-9

0.64
10.16
1275

-1.02
-0.29

253
-3.57

0.534
0.003
0.001

P

0315
0.775
0.016
0.001

0.02
0.04
033

[

-027
—-0.08

0.26
-0.56

GAD-7

Fcha SignF cha Adj.R?

138 0264 000
192 0474 015
1769 <0001 031
t P B
-197 0057  -006
—060 0551 0.25
198 0056 042
—421 <0001  -0.43

WSAS

WEMWBS

Fcha SignFcha Adj.R? Fcha SignF cha

1.03
7.61
10.29

T

-0.46
1.76
3.13

321

0.368
0.009
0.003

P

0.647
0.088
0.003
0.003

005 204 0144
043 27.21 <0001
052 795 0008

B t P
023 204 0049

-008 -027 0792
054 469 <0001
033 28 0008

Pre, pre-treatment value of the dependent variable; PEAS, Patient Exposure/Response Prevention Adherence Scale; Y-BOCS, Yale-Brown Obsessive Compulsive Scale; PHQ-9, Patient
Health Questionnaire 9; GAD-7, Generalized Anxiety Disorder 7; WSAS, Work and Social Adjustment Scale; WEMWBS, The Warwick-Edinburgh Mental Wellbeing Scale.
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ROIFA  Beta  95% Cllower-upper T FDRp 2

PTRR 66.70 —28.60, 162.01 1.45 0.64 0.07
PTRL -20.75 —166.765, 125.26 —2.45 0.99 <001
SSR 27.84 —158.94, 214.61 0.31 0.99 <0.01
SSL 30.76 —126.08, 187.58 0.41 0.99 0.01
DCR 82.49 0.59, 164.49 208 038 0.13
DcL -3.42 —92.47, 85.63 —-0.080 0.94 <0.01
VCR —41.68 —122.04, 38.68 -1.07 0.78 0.04
vCcL 7.94 —74.78, 90.67 0.20 0.94 <0.01

DC R, dorsal cingulum right hemisphere; DC L, dorsal cingulum right hemisphere;
FDR, faise discovery rate corrected p-value; PTR R, posterior thalemic radlation right
hemisphere; PTR L, posterior thelemic radiation left hemisphere; R2, r squared; SS R,
sagittal stratum; RO, region of interest; SS R, sagittal stratum right hemisphere; SS L,
sagittal stratum left hemisphere; T, variance; VC R, ventral cingulum right hemisphere; VC
L, ventral cingulum left hemisphere; 95% CI lower-upper, 95% confidence interval.
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ROIRD

PTRR
PTRL

SSR
SSL
DCR
oCcL
VCR
vCL

Beta

1484
-22.02
—101.65
3.99
—-116.24
—48.78
-23.06
-16.87

95% Cl lower-upper

—41.68,12.01
—96.92, 52.89
—248.66, 45.37
—78.31,86.29
—214.18, -18.29
—166.44, 68.89
—80.36, 34.26
—81.68, 47.94

T

-1.14
-0.61
-1.43

0.10
—2.45
—-0.86
-0.83
-0.54

FDRp

071
073
0.66
092
0.18
0.80
0.66
0.68

~

0.05
001
0.07
<0.01
0.17
0.03
0.02
0.01

DC R, dorsal cingulum right hemisphere; DC L, dorsal cingulum right hemisphere;
FDR, faise discovery rate corrected p-value; PTR R, posterior thalemic radlation right
hemisphere; PTR L, posterior thelemic raciation left hemisphere; R2, r squared; SS R,
sagittal stratum; RO, region of interest; SS R, sagittal stratum right hemisphere; SS L,
sagittal stratum left hemisphere; T, variance; VC R, ventral cingulum right hemisphere; VC
L, ventral cingulum left hemisphere; 95% Cf lower-upper, 95% confidence interval.
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Characteristic 0CD (n=32) HC (n = 30) Statistical Analysis

Mean sD Mean sp t df P
Age 30.25 9.01 31.03 10.50 0.32 60 0.75
Years of education 14.53 238 14.50 233 -0.05 60 096
Y-BOCS total score at baseline 27.06 393 e - . = :
Y-BOCS total after treatment 11.41 6.43 = - - . .
Y-BOCS total at 3M follow-up 10.57 639 = - - E .
PHQQ Baseline (26 OCD vs. 22 HC) 10.77 587 262 1.79 - - -
PHQQ One week after (26 OCD vs. 22 HO) 837 572 238 1.93 . E .
PHQQ Follow-up (26 OCD vs. 22 HC) 863 6.00 215 1.53 - - -
GAD? Baseline (26 OCD vs. 22 HC) 13.06 525 210 255 z 2 -
GAD7 One week after (26 OCD vs. 22 HO) 12.38 5.44 210 250 - - -
GADT Follow-up (26 OCD vs. 22 HC) 732 451 1.95 201 = - .
n (of 32) % n (of 30) % X2 df P
Female 20 62.5% 19 63.3% 0.005 1 0.95
Right-handedness 30 93.8% 28 93.3% 0004 1 095
University/College degree 13 40.6% 17 56.7% 250 2 029
n(of32) % of OCD
Medicated at first scanning 8 25% - - - - .
SSRI 7 21.9% = . . . .
Antipsychotics 1 3.1% & o = e -
Ritalin/Methylphenidate 1 31% o - - - -
Comorbid disorder baseline 15 46.9% . - . - .
Comorbid mood disorder 11 34.4% . - - : 2
Meajor depressive disorder 10 31.3% - - - : .
Dysthymia 2 6.3% - - - - .
Social anxiety disorder 7 21.9% E . = . .
Comorbid anxiety disorder 15 46.9% = - . = .
Generalized anxiety disorder 9 28.1% = = = . E
Specific phobia 4 12.5% - - - E B
Paric disorder 3 9.4% . - - - .
Agoraphobia 3 9.4% - - . . .
Hypochondriasis 3 9.4% - . - - .
PTSD 1 34% = - . . .
ADHD 1 3.1% - - - © =
Somatization disorder 1 3.1% - - - - -
Pain disorder 1 31% - - - - -
No comorbidity 9 34.6% - . . . B
Childhood onset 14 22.6% - - - = -

ADHD, attention deficit hyperactivity disorder; HC, healthy controls; GAD7, generalized anxiety disorder Guestionnaire; OCD, obsessive-compulsive disorder patients; PHQ9, patient
health questionnaire; PTSD, post-traumatic stress disorder; SSRI, selective serotonin reuptake inhibitors; Y-BOCS, yale-brown obsessive-compulsive scale.
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RoOI

PTRR
PTRL
SSR
sSL
DCR
ocL
VCR
vCL

F

0.04
023
0.00
0.24
120
0.95
0.69
226

Time
FDRp

0.79
0.84
0.85
0.99
0.99
0.90
0.82
0.99

"
1.00
0.01
0.00
0.01
0.03
0.02
0.02
0.05

F

0.00
001
0.88
0.05
0.03
0.01
1.41
3,47

Group

FDRp

0.99
0.99
0.89
0.99
0.99
0.99
0.97
0.55

n
0.00
0.00
0.02
0.00
0.00
0.01
0.03
0.07

F

0.34
1.08
6.30
0.73
0.03
0.1
1.41
4.05

Time by group
FDRp

0.90
0.81
0.13
0.80
0.86
0.99
0.97
0.86

n
0.01
0.02
0.13
0.02
0.00
0.00
0.00
0.08

F

11.18
481
5.96
7.64
0.07
0.01
1258
094

Age
FDRp

0.99
0.22
0.37
0.26
0.0
0.94
0.56
0.99

i
020
0.10
0.12
0.15
0.00
0.00
022
0.02

F

0.04
175
0.10
3.09
0.05
0.94
0.26
0.00

Gender

FDRp

0.97
0.77
0.99
0.69
0.99
0.90
0.99
0.98

i
0.00
0.04
0.00
0.07
0.00
0.02
0.01
0.00

DC R, dorsal cingulum right hemisphere; DC L, dorsal cingulum right hemisphere; DF; degrees of freedom; FDR, false discovery rate corrected p-value; w3, partial eta squared; PTR R,
posterior thalamic radiation right hemisphere; PTR L, posterior thalamic radiation left hemisphere; ROI, region of interest; SS R, sagittal stratum right hemisphere; SS L, sagittal stratum
left hemisphere; VC R, ventral cingulum right hemisphere; VC L, ventral cingulum left hemisphere.
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Child perspectives Parent avg. perspectives

Aspect of treatment® Hosp M (SE)  Home M (SE) Diff (95% CI) Hosp M (SE)  Home M (SE) Diff (95% CI)
Easy to understand 66.9(8.9) 89.7 8.3) —22.8(-49.7 10 4.1) 90.8(8.0) 767 (7.0 14.1(-9.61087.7)
Easy to complete 30.4(7.9) 626 (6.8) ~23.2 (45510 ~0.9)" 79.0 6.8) 737 (5.1) 53(-11910225)
Pleasant 32.8(9.0 69.8(8.4) —37.1(-64.410 -9.8)" 71.1@8.19) 732(7.1) —22(-26.01021.7)
Helpful 731 (11.1) 77.6(10.8) -45(-3821020.2) 94.2(5.2) 832(4.9) 11.0 (5.1 1027.1)
Convenient 579(11.0) 83.1(10.3) ~25.2(-58.7108.3) 81.1(6.9) 78.1(55) 30(-15610215)
Relevant to symptoms 69.0(9.4) 820(88) —12.9 (~41.610 15.7) 94.5(4.1) 84.4(3.6) 10.0 (<2.11022.2)
Worth time/effort 78.8 (11.4) 83.8(10.6) —5.0(-39.7 t0 29.6) 89.1 (7.7) 83.7 (6.8) 54 (-17.410282)
Recommend to others 86.9(4.6) 962 (4.3) —9.4(-23.4104.6) 100.0 (1.86) 90.5(1.6) 9138610 14.6)
Should be permanent service 84.0 (5.6) 94.1(6.2) ~10.0 (~26.9 10 4.6) 100.0 (2.4) 88.4(2.1) 11.2 (4.1 to 183)"
Condition was important to success 52.6(8.0) 226(7.4) 30.0 (5.7 10 54.3)" 44.2(5.8) 19.7 (5.4) 245 6.81042.2)

*Significantly different between groups.
Altems were rated from O (totally disagree)—100 (totally agree) with the exception of the last item which was rated from 0 (would have benefited less in other condition)~ 100 (would
have benefited more in other condition).
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Multivariate linear regression analysis with BAT-score, baseline OCD severity and symptom change

Model 1 Model 2° Model 3°

B SEB § R? B SEB § R? B SEB § R?
(Constant) -734 554 -1606 683 1235 7.21
Severity OCD 073 019 042+ 073 019 048 068 019 -0.44**
BAT-score 078 038 0.26* 055 040 018
Interaction-variable 013 009 019
R? 0.18 024 027
F for change in R? 4.26* 224

Bold means significant with 'p < 0.05; *'p < 0.01.

#Predictors: (constant), baseline OCD severity.

bPredictors: (constant), BAT, baseline OCD severity.

¢Predictors: (constant), BAT, baseline OCD severity and interaction-variable (BAT x baseline OCD severity).
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BAT (V = 58) N (%)

Highest step at

Step O (no successful steps) 0
Step 1 2(3%)
Step2 0(0%)
Step3 2(3%)
Step 4 4(7%)
Steps 4(7%)
Step 6 1%
Step7 5(9%)
Step8 8(14%)
Step9 7(12%)

Step 10 25 (42%)
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Variable (N = 58)

Demographical characteristics

Male, %

Female, %

Age (years)

ocD

Severity (YBOCS score)

Age of onset (years)

Duration of symptoms (years)
Chronic OCD (yes)

Gomorbidity next to OCD
Comorbidy state®

Number of comorbid state disorders®
One or more mood disorder(s) (yes)
One or more anxiety disorder(s)
somatic symptom disorder (yes)
Substance use disorder (yes)
Comorbidity trait®

Presence of trait-disorders®

One or more personality disorder(s) (yes)
Autism spectrum disorder (yes)

Symptom change after 12 weeks of IRT

OCD severity after 12 weeks (YBOCS)
Symptom change (AYBOCS)

Responders (YBOCS > 35% reduction, yes)

Remission (YBOCS < 12, yes)
Stopped therapy prematurely

Mean (SD)/N (%)

27 (47%)
31 (53%)
329(14.5)

287 (5.1)
205 (9.1)
115 (13.9)
51(88%)
56 (97%)

1.3(09)

39 (72%)

21(39%)
2 (4%)
4(7%)

40 (69%)
32 (65%)
10(179%)

17.5(7.6)
11.0(8.0)
29 (53%)
11 (20%)
47%)

2Comorbidity state: Presence of comorbid disordlers assessed through Miniscan, former

Axis | disorders conform DSM IV.

bComorbidity trait: Presence of one or more personality disorder(s) and/or an autism

spectrum disorder.
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Maternal age

Maternal education

Family income

Number of children in the family
PI-PROCSI current dev (4 mos)
PI-PROCS! future dev (4 mos)
Maternal depression (ASR, 4 mos)
Maternal anxiety (ASR, 4 mos)

9. Maternal bonding (PBQ, 4 mos)
10. Maternal praising (CIB, 10-mos)
11. Infant social engagement (CIB, 10-mos)

Ll il ol il ol o

*Correlation is significant at the 0.05 level.
“Correlation is significant at the 0.01 level.
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Interoceptive Assessment Reliability Correlations Between Interoceptive Constructs
Dimension

Interoceptive Awareness  Interoceptive Sensibility ~ Emotional Evaluation of

(1) (1s) Interoceptive Signals (IE)
Interoceptive acouracy  Heartbeat detection  Retest reliabilty (2 r=0.16,p=0.17 (85) MAIA (84): MAIA Not Worrying:
(1Acc) (counting) task months) = 0.60 (83) Noticing r = —0.05, ns r=008,ns (8%)
@=089(84) Not Distracting r = —0.06,

ns
Not Worrying r = 0.08, ns
Attention Regulation
r=020,p=002
Emotional Awareness

r=-005,ns
Self-Regulation r = —0.03,
ns

Body Listening r = 0.00, ns
Trusting r = 0.08, ns
BPQ: 7 = 0.06, ns (71)
BAQ:r=0.18,p < 0.05
(©6)
Confidence rating:
p <0.05(71)
Interoceptive Agreement between Confidence rating:
Awareness (1A) objective and r=-002,p =084 (85
subjective report:
Subjective conficence
ratings during
heartbeat detection
task compared to IAc

Interoceptive Sensibility ~ Self-report, e.g., MAIA,  MAIA (72),

=028,

() BPQ, BAQ, confidence = 0.66-0.87 (72),
ratings retest reliabiity (M days
=113,D=43)
= 0.66-0.79 (87)
BPQ(73)

BPQ-SF w = 0.83-91,
retest relabiity (1 week)
=0.91-0.96 (89),
Confidence ratings

Emotional Evaluation of ~ Self-report, e.g., MAIA  MAIA Not Worrying:

Interoceptive Signals  Not Worrying subscale, e = 0.67 (72); retest

() AS| Physical subscale  refiability (V! days

113, 5D = 4.3)

0.76 (87)

ASI Physical:

=0.76-0.89 (89);

ASI-3 retest reliabiity (3

months) = 0.70 (90) ®

Samples are non-clinical unless otherwise noted.
MAIA, Mulicimensional Assessment of Interoceptive Awareness; BPQ, Body Perception Questionnaire; BPQ-SF; Body Perception Questionnaire-Short Form; BAQ, Body Awareness
Questionnaire; ASI, Anxiety Sensitiviy Indiex; ASI-3, Anxiety Sensitivity Index-3 o, Cronbach’s alpha (internal consistency); w, Categorical Omega (intemal consistency); 1, Pearson
correlation coefficient.

aSample of treatment seeking smokers.
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Interoceptive Definition Method of Assessment Neural correlates Findings in OCD
Component
Attention Observation of internal Focusing task: Right dorsal middle NA
body sensations Attend to sensations in specific anterior insula (60),
organ (e.g., Simmons et al. (60); posterior insula (61)
Farbet al. (61)
Detection Presence/absence of Example: Anterior insula (63) NA
conscious report Subjects judge whether external
tones occur simultaneous to
pulse/heartbeat (e.g., Khalsa et
al. (62)
Magnitude Intensity of body Example: Dial ratings of internal NA N/A
sensations sensation intensity [e.g. Khalsa
etal. (64)
Discrimination Localization of Organ specific ratings, heartbeat Anterior cingulate (65) N/A
sensation to a specific discrimination task [e.g., Aziz et
system, and al. (65); Khalsa et al. (64)]
differentiation from
other sensations
Interoceptive Objective accuracy of Examples: Subcortical: Insula and * Decreased 1Ace:
accuracy (IAcc) interoceptive states Heartbeat detection Task: right dorsal anterior o Heartbeat counting task (32)
Comparison of subjective insula in particular, o Muscle tension task (35)
heartbeat count to actual midbrain, ventral * Increased IAcc (70)
heartbeats measured with EEG striatum
fe.g., Schandy et al. (66)) Cortical anterior
cingulate, orbitofronal
somatosensory
(41, 63, 67-69)
Interoceptive Meta-cognitive Agreement between objective N/A NA
Awareness (1A) awareness of and subjective report: Subjective
interoceptive accuracy confidence ratings during
heartbeat detection task
compared to IAcc fe.q., Garfinkel
etal. (71)]
Interoceptive Subjective assessment Self-report, for example: Anterior-mid insula, « Compared to healthy controls,
Sensibiity (1S) of how internal body MAIA (72), BPQ (73) BAQ (74) cingulate cortex, OCD  demonstrated  higher
signals are appraised, Confidence ratings orbitofrontal cortex, noticing, distracting, worrying,
regulated, and impact somatosensory and emotional awareness, listening
behavior sensorimotor regions but lower trusting on MAIA
(75-78)  Higher noticing related to
responsibility/harm,
symmetry/ordering symptoms
* Higher distracting related to
unacceptable/taboo
thoughts (34)
Emotional Emotional appraisal of MAIA Not Worrying Subscale Posterior, dorsal, and ©OCD  appraises  internal
Evaluation of intenal bodily signals (72), ASI Physical Subscale (79) anterior insula, dorsal physical  sensations  more
Interoceptive anterior cingulate negatively  than  controls
Signals () 75) (34,80)

Negative appraisal of internal
sensations correlated with
responsibility/harm,
contamination/washing,
symmetry/ordering,
certainty/doubting (34, 81, 82)

ASI, Anxiety Sensitiity Index; BPQ, Body Perception Questionnaire; BAQ, Body Awareness Questionnaire; EEG, electroencephalogram; MAIA, Multidimensional Assessment of

Interoceptive Awareness; OCD, obsessive-compulsive disorder.
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Test

SST

PAL

IED

OCD, obsessive-compulsive disorder; IED, intra-/extra-dimensional set shifting;

Performance measure Patients with
mild-to-moderate OCD
symptoms
Stop Signal Reaction Time (ms) 241.9 (32.9)
SST Median RT (ms) 524.9 (66.6)
SST Direction Errors: Go Trials 09(1.6)
SST Direction Errors: Stop Trials 40.7 3:2)
Stop signal detay (ms) 284.2 (68.8)
Total Erors 93(7.6)
Number of Patterns Reached 7.8(06)
Total Attempts 80(2.4)
Total Errors (Adjusted) 17.5(14.0)
Problems Solved in Minimum Moves Total (all moves) 79@.7)
Mean Moves(five Moves) 7.4(20)
Errors (Stage 4) 09(32)
Errors (Stage 6) 09(0.8)
Errors (Stage 8) 12.8(11.1)
Stages Completed 8.1(19)

working memory.
“Data values represent group means and standard deviations.

Patients with severe OCD Test statistic
symptoms

2352 (383)
503.3 (67.4)
23(3.2)
42.3(3.9)
232.3(110.6)
7.9(82)
7.8(0.7)
6.9(1.7)
13.7(11.6)
85(2.0)
64(12)
05(1.2)
28(5.2)
6.1(8.1)
83(1.7)

P

0.544
0.296
0.121
0.113
0.069
0.469
0.790
0.153
0.326
0.387
0.047
0.326
0.099
0.074
0.292

PAL, paired associates leaming; SOC, stockings of Cambridge; SST = stop signl task; SWM, spatiel
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Test Performance measure Patients HCs Test statistics P
ssT Stop Signal Reaction Time (ms) 238.3 (35.7) 269.8(69.2) —1.95 0052
SST Median RT (ms) 5138 (67.1) 4967 (58.0) 0204
SST Direction Errors: Go Trials 16(2.6) 2.1(32) 0501
SST Direction Errors: Stop Trials 41533 433(39) 0011
Stop signal detay (ms) 256 (96.5) 231.5(65.2) 0.161
SWM Total Errors 85(7.9) 11.3(8.1) 0.096
PAL Number of Patterns Reached 7.8(06) 8.1(19 0.159
Total Attempts 7.4(2.9) 7.8(20) 0274
Total Errors (Adjusted) 15.4(12.8) 14.4(10.8) 0902
soc Problems Solved in Minimum Moves Total all moves) 8229 7423 0.153
Mean Moves (ive Moves) 69(1.7) 72(1.6 0392
IED Errors (Stage 4) 07 2.4) 1489 0474
Ertors (Stage 6) 1989 4988 0516
Errors (Stage 8) 93(10.2) 12.4(11.0) 0.197
Stages Completed 82(1.5) 7.6(2.1) 0.128

HCs, healthy control participants; IED, intra-/extra-cimensional set shifting; PAL, peired associates leaming; SOC, stockings of Cambridge; SST= stop signal task; SWM, spatial

working memory.
“Data values represent group means and standard deviations.
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Patients with Patients with severe OCD Between-group compatison
mild-to-moderate OCD symptoms (n = 25)
symptoms (n = 21)

M (SD) Range M (SD) Range Test statistic P

Age (years) 347(9.3) 21-56 31(7.6) 19-49 (=147 0.149
Sex (male/ferale) o2 16/9 Z=142 0.156
Education (years) 14.3(3.5) 8-22 13(36) 5-18 Z=-091 0364
liness Duration (years) 1.2(7.2) 229 1.4 8.1) 1-36 0927
Y-BOCS (subscale and scale score) ~ Obsession 9.1 (3.9) 0-16 17.12.3) 18-20 <0001
Compulsion  8.6(3.2) 0-13 11.2(8) 0-20 0.082
Totalscore 177 (5.8) 425 283(8.1) 15-38 <0.001

OCD, obsessive-compulsive disorder; M, mean; SD, standard deviation; Y-BOCS, Yale-Brown Obsessive-Compulsive Symptom Checklist.
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Age (years)

Sex (male/female)

Education (years)

lliness duration (years)

Y-BOCS score Obsession
Gompulsion
Total score

HCs, healthy control participants; M, mean; SD, standard deviation; Y-BOCS, Yale-Brown Obsessive-Compulsive Symptom Checkiist.

Patients(n=46)

M (SD)

327 85)
25/21
13.6(3.6)
11.3(7.6)
185 (5.1)
10.0 (6.4)
23508.8)

Range

19-56

5-22
1-36
0-20
0-20
4-38

HCs (n=45)
M (SD) Range
352(6.5) 21-56
22/23
14.1@3.1) 5-19

Between-group comparison

Test statistics P
t=163 0.107
=-0.52 0.604
Z=-048 0.634
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Test Number of patients with mild-to-moderate OCD symptoms Number of patients with severe OCD symptoms

Incomplete test data Included in Incomplete test data Included in
analyses analyses
ssT 0 21 2 23
SWM 0 21 0 25
PAL 0 21 0 25
soc 0 21 2 23
IED 0 21 2 23

OCD, obsessive-compulsive disorder; IED, intra-/extra-cimensional set shiting; PAL, paired associates learing; SOC, stockings of Cambridge; SST, stop signal task; SWM, spatial
working memory.
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Test Number of Patients Number of HCs

Incomplete test data Included in Incomplete test data Included in
analyses analyses

ssT 3 43 0 45

SWM 0 46 0 45

PAL 0 6 0 5

soc 2 44 11 34

IED 2 44 1 34

HCs, healthy control participants; IED, intra-/exta-cimensional set shifting; PAL, paired associates leaming; SOC, stockings of Cambridge; SST, stop signal task; SWM, spatial
working memory.
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Article Participants

Andreou etal. (35) OCD:n =76,
control:n = 71

Carmi et al. (32)

Dohrmann et al.
(50)

N =51,30F

Figeeetal. (44)  OCD = 16, control
=10
Fontenelleetal. ~ OCD:n=17,

67 (responder = 10,
non-responder = 7)

Krause etal. (56) N = 41, 18F (OCD

sample)

Riesel etal. (30) ~ OCD:n = 45, 22F;
control: n = 39,
221F

Sanzetal. (40)  OCD:n =19, 10F;

control: n =19, 9F

Yamamuro etal.  OCD:n = 14;
@1 control: n = 10

HF, High-frequency; LF, Low-frequency; CBT, Cognitive-behavioral therapy; SSRI, Selective Serotonin Reuptake Inhibitor; DBS, Deep brain stimulation; TMS, Transcranial magnetic stimulation.

Treatment type

Behavior therapy and 32 channels (29 channel

SSRI cap + 3 referenced to
c2)
Deep TMS: Cz, Theta Band

High-frequency
(20Hz), low-frequency
(1Hz), sham

CBTand
pharmacotherapy

201, 2/P08, 10)

Deep brain stimulation  International 10/10
system with 64
electrodes

12 weeks + of International 10/20

medication, primarily  System with earlobes as

SRis, non-SRI reference

trioyclics, other

medications

prescribed for

individual patient

needs

10 weeks combination _International 10/20
system with Cz as
reference and Fpz as

CBT and SSAI

(sertraline)
ground

30 CBT sessions,

some medicated reference

Clomipramine
(250-300-mg)

1 year of
psychotherapy and
pharmacotherapy

Region/bands of focus

31 electrodes (Fp1,2, 3,
4,7,8, 2/Fc1, 2, 5,6/C8,
4 Z/FT9, 10/T7, 8/CPS,
6/TP9, 10/P3, 4,7, 8,

64 electrodes, Cz as

International 10-20
system including Pz; 20
tin electrodes inserted in
pre-configured cap

Fz, Cz, C3, C4, and Pz

Task type

Auditory oddball. eyes

closed.

Stroop

Resting state, 15 min

Symptom provocation

Resting State

Resting state

Flanker Task

Auditory Oddball

Auditory oddball

Primary analysis method

Two-tailed t-tests for
independent samples;
Spearman's rank correlation
coefficient

Mixed ANOVA|

Multi-variate analysis of
covariance (MANCOVA)

Repeated measures ANOVA

SPM-99 t-test for independent
samples

Linear and robust regression

Repeated-measures Analysis
of Variance (ANOVA)

Independent Samples t-test

Two-tailed paired t-test;
Spearman’s correlation
coefficient

Framework

Correlation

Correlation

Prediction

Correlation

Correlation

Prediction

Correlation

Correlation

Prediction

Primary finding

Increased activity for OCD
patients in networks implicated
with P300. Reduced with
treatment.

Treatment-related reductions
found in ERN following Deep TMS

CNS arousal markers
discriminates between OCD
treatment responders and
non-responders.

DBS attenuated the brain's frontal
response to symptom provoking
stimuii

Lower pretreatment beta band
activity in the rostral anterior
cingulate and medial frontal gyrus
associated with increased
treatment response

LORETA indicated that brain
activity increased in responders
and decreased in nonresponders

Pretreatment differences between
OCD patients and healthy
controls showed stable
ertor-related and correct-related
negativity following treatment.
P300 varied between healthy
controls and treatment-free OCD
participants. Increase in P300
after treatment
Pharmacotherapy and
psychotherapy improved P300
after 1 year of treatment
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Males
Demographics

Age 29.6(10.1)
Q 112(13.3)
Clinical symptoms
YBOCS -
8DI- I 6.9(7.3)
DOCS 7.9(0.4)
OCI-R 6.9(9.1)

Healthy individuals

Females

27.5(11.4)
114 (12.2)

4.2(4.0)
5.8(6.6)
59(5.4)

Pooled

Males

Mean (SD)

285 (10.6)
113 (127)

56(6.0)
6.9(7.8)
6.4(7.4)

32.8(19)
107 (14)

21.8(3.5)
108 (12.8)
22.0(9.4)
18.5(7.5)

Individuals with OCD

Females

201(9.5)
105 (13.7)

246(5.5)

13.3(12.9)
27.0(11.5)
27.7 (10.1)

Pooled

30.6(11)
106 (13.7)

235(4.9)
12.4 (12.6)
25.1(10.8)
24.0 (10.1)

OCD vs. HC

(58)

-07

t(55)

p-value

05
0.03"

0.2
<0.01
<0.01

In bold are significant diferences between groups. *Females with OCD scored significantly higher than males with OCD on OCI-R (p =0.03). T Healthy participants on average scored
~8 point higher on IQ test than OCD participants. YBOCS was not evaluated in healthy controls.
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Study ID Region Sample Design Diagnostic ocb cta Depressive NOS or

size (N) criteria measure  measure  symptoms AHRQ
measure
Ay and Erbay (23) Turkey 67 Cross-sectional DSM-5 YBOCS CTQ-28 BDS 5
Kart and Tiirkgapar (19) Turkey 160 Cross-sectional  DSM-V YBOCS cTa-28 BDI 6
Benedetti et al. (37) Italy 40 Cross-sectional DSM-IV YBOCS RFQ NA 4
Semiz et al. (34) Turkey 120 Cross-sectional ~ DSM-V YBOCS TEC BDI 7
Selvi etal. (21) Turkey % Cross-sectional ~ DSM-IV YBOCS cra-28 80l 3
Bey etal. (20) Germany 169 Case-control DSM-V YBOCS cra BDHI 7
Krah and Koopmans (35) Netherlands 281 Cross-sectional ~ DSM--TR YBOCS ) BDHI 5
Carpenterand Chung (38)  United Arab 8 Cross-sectional /A YBOCS cTa-R NA 2
Emirates
Coban and Tan (36) Turkey 108 Cross-sectional  DSM-5 YBOCS cra HAMD 5
Wang et al. (39) China 484 Case-control DSM-V YBOCS ETISR- 8D 6
SF

YBOCS, Yale Brawn Obsessive-Compulsive Scale; CTQ, Child Trauma Questionnaire; CTQ-R, Child Trauma Questionnaire-Revised; RFQ, Risk Families Questionnaire; TEC, Traumatic
Experience Checklist; ETISR-SF, Early Trauma Inventory Self- Report-short Form; BDS, Beck Depression Scale; BDI, Beck Depression Inventory; BDI-Il, Beck Depression Inventory-Ii;
HAMD, Hamilton Rating Scale for Depression; MDD, major depressive disorder; ADHD, attention deficit and hyperactivity disorder; N/A, not available.
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Subtype Studies (1)  Samplesize (1) X2 Heterogeneity 12 p Effectsize  Summary fisher's Z95%Cl  p Rp

Obsession
CEA 5 994 1085 63% 003 0.13 0.00-0.25 005 013
CcPA 4 510 15.88 81% 0001 006 ~0.10-0.23 046 006
CSA 4 510 6.19 52% 0.0 0.13 0.03-0.23 001+ 0.13
CEN 4 510 2025 90% <0.000001 013 -009-025 025 013
Compulsion

CEA 4 510 9.82 69% 022 0.1 -0.02-0.23 0.1 0.1
cPA 4 510 12.33 76% 0,006 003 ~0.11-0.18 064 003
CSA 4 510 13.76 78% 0.003 007 -0.08-0.22 037 007
CEN 4 510 25.52 88% <0.0001 0.13 -0.08-0.33 023 013
Total

CEA 6 1246 884 43% 012 0.11 0.03-0.19 0008* 0.1
CPA 5 762 16.88 76% 0.002 0.01 -0.15-0.17 0.92 0.01
CSA 5 762 1452 72% 0.008 009 -0.05-0.23 021 009
CPN 5 624 071 0% 0.87 -0.03 -0.11-0.05 0.45 -0.03
CEN 5 762 2307 83% 0.0001 0.12 ~0.06-0.29 018 012

CEA, emotional abuse; CPA, physical abuse; CSA, sexual abuse; CPN, physical neglect; CEN, emotional neglect; Total, Total severity of OCS; X2, chi-square statistics; R, I-square
statistics; Rp, Pearson correlation coefficients; *P < 0.05. Bold values indicates statistical significance.
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Age (years)

Education (years)

ERQ reappraisal

ERQ suppression

PSS-10

Education (years)

ERQ reappraisal

rs=6.31x107%,

ERQ suppression Pss-10

Poont = 0.256

.017;

- 1p=0.06,
Poont = 1.000

OCI-R total

=062,

.210 x 10°8;

ERQ, Emotion Regulation Questionnair

PSS-10, Perceived Stress Scale (10 items); OCI-R, Obsessive-Compulsive Inventory-Revised; *Statistically significant correlations.
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Study Country Total sample  No. of oCDSample  Diagnostic Comorbidities
size individuals characteristics  instrument . -
i 66D esd Depressive Anxiety Severe mental Others
\dentified disorders disorders illness
Karno et al. (65) USA 18,572 468 Adult Diagnostic 31.7% Phobia 46.5% Schizophrenia Alcohol
Epidemiologic interview Panic 12.2% abuse/dependence:
catchment area schedule (DIS) disorder 13.8% 24.4%
study Other drug
abuse/dependence: 17.6%
Torres et al. UK 8,680 114 Adult (16-74 Clinical 36.8% GAD 31.4% Schizophrenia Alcohol dependence
(66, 67) years), 35% interview Agoraphobia/Panic  2.6% 20.2%
British national males schedule- disorder 22.1% Any drug dependence
psychiatric revised (CIS-R) Social phobia 135%
morbidity & Structured 17.3% Cannabis dependence
survey of 2000 clinical interview Specific 11.5%
for axis-l phobia 15.1% Personality disorders
disorders (screening criteria) 74%
(SCID-)
Mohammadi Iran 25,180 444 Adult (Mean Schedule for 14% Simple phobia Bipolar disorder | Epilepsy 6.8%
etal. (68) age affective 10.8% 05% PTSD 1.1%
37.24+/-6.6 disorders and Social phobia Bipolar 11 2.5% ‘Somatoform
years) 50.3% schizophrenia 8.1% Schizophrenia2.3%  disorder 0.9%
males Panic disorder
65%
GAD5.2%
Subramaniam Singapore 6616 230 Adult Composite 26.8% GAD 12.3% Bipolar disorder  Alcohol dependence
etal. (69) international 10.5% 2.1%
Singapore diagnostic Physical comorbidity
mental health interview 51.6%
study 2010 version 3.0 Chronic pain 21.8%
(©IDI3.0) Respiratory conditions
17.4%
Hypertension 10.8%
Subramaniam Singapore 6,126 217 Adult 49.6% CiDI3.o 28.2% GAD 9.9% Bipolar disorder  Aloohol dependence:
etal. (70) males 12.2% 09%
Singapore Nicotine dependence:
mental health 4.6%
study 2016 Physical comorbidity":

Comorbidity characteristics have been further reported in another ECA paper (71) that compares and estimates the impact of diagnostic stability on comorbicity patters.
*For e.g., hypertension, hyperlipidemia, diabetes, asthma, chronic pain, cardiovascular disease, ulcer, thyroid disease, cancer.

52.3%
Chronic pain 33.2%
Hyperiipidaemia 15.3%
Hypertension 13.2%
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Comorbidity

Any personality disorder

Obsessive compulsive
personality disorder

Anxious avoidant personality
disorder

Borderline personality disorder
Dependent personality disorder
Schizotypal personality disorder
Narcissistic personalty disorder
Histrionic personality disorder
Antisocial personality disorder
Schizoid personality disorder

P, Residual heterogeneity;

No. of Studies

® ©

® o N~

Pooled sample size

1,970
2,518

2,076

1,997
1,936
2,324
1,776
1,775
1,885
1,936

Pooled prevalence [95% Cl, 95% PI]

34.9 [(27.8-42.3), (17.02-65.3)]
16.8((11.8-22.4), (3.4-87.2)]

9.2 (5.4-13.8), (0.7-25.1))

8.6((5.3-12.6), (1.03-22.1)]
4.3((1.3-8.6), (0-20.05))
3.7[(1.9-5.9),(001-12.2)]
23((0.6-4.9), (0-11.2)
1.9(05-3.8), (0-7.6)
06((0.2-1.1), (0.1-1.3)
06((0-1.9), (0-5.5)

3

91.2
91.6

90.6

87.5
93.2
829
88.2
80.8
86
83.0

QE p-value

<0.001
<0.001

<0.001

<0.001
<0.001
<0.001
<0.001
<0.001
0.363
<0.001

General
population
prevalence (95%
<)

7.8(6.1-9.5) (68)
3.2(2.4,4.1)(68)

2.7(19,8.7)(68)

18(1.2,25) (68)
08(05, 1.3)(68)
08(05, 1.1) (68)
1.9(0.1,5.6) (68)
06/(0.4,09)(68)
1.4(08,23) (68)
1.1(0.7,15) (68)

)E, Cochran’s Q statistic for significance of the residual heterogeneity; 95% Cl, 95% Confidence Intervals; 95% P, 95% Prediction intervals.
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Comorbidity  Studies [Nyctar Pooled

(Mpacdiatric)] sample size
)

Any psychiatric 23(5) 6272

comorbidity

Mood disorders.

Any mood 214 6,187

disorder

Major 439 9,909

depressive

disorder

Dysthymia 172 4904

Bipolar disorder 223 6,158

Anxiety disorders

Any anxiety 26(9) 7,236

disorder

Generalised 29(6) 7,658

anxiety disorder

Social anxiety 28(6) 6716

disorder

Panic disorder 25(5) 6,180

Agoraphobia 20 3,287

Simple/specific 18(6) 5244

phobia

Neurodevelopmental disorders

Attention deficit 19(19) 4,761

hyperactivity

disorder

Any tic disorder 31(12) 7,367

Autism 76 1,497"

spectrum

disorders

Obsessive compulsive related disorders (OCRDs)

Any OCRD 5(1) 1,624
Body 6(1) 1,561
dysmorphic

disorder

Trichotilomania 5@ 1,102
Eating disorders

Any eating 170 5298
disorder

Anorexia 9(4) 1,790
nervosa

Bulimia nervosa 7(1) 1,418

Somatic symptom and related disorders
Somatic 10 3,839
symptom
disorder*
liness anxiety
disordert+

70 1,974

Other disorders

Any substance
use disorder

17.(1) 5334

Post-traumatic
stress disorder

16(2) 4,167

Schizophrenia/any
psychotic
disorder

13(2) 4,642

Oppositional 1,095"

defiant disorder

7

Pooled
prevalence
[95% Cl, 95%
Pl

693
[69.4-78.3),
(213-09.5)

a7
(38.8-56.7),
(12.1-84.7)
354
[29.2-418),
(4-76.9)
97 [63-13.7),
(0.4-28.5)
5(32-73),
0-17.9)

322
(24.5-40.4),
(26-745)

172
((12.8-22.1),
(0.8-47.4)
14.4
[(10.7-186),
(0.7-39.8)
9.4 [6.4-12.8),
(0.08-30.1)

2.1((1.1-35),
(0.06-6.5)
15.4
(©.8-219),
(0.05-47.9)

16.2
[(13.3-19.3),
(6.2-20.5]
14
[(109-17.4),
(1.6-35.4)

5.9((4-8.05),
(2.4-106)

187
[@.1-27.7),
(0-51.6)
28[(06-6.4),
(0-12.9)

36((1.1-7.3),
(0-136))

5.6(4.3-7.1),
(1.7-11.6)

32((16-5.4),
0.01-106)

256((1.7-38),
(1.7-36)

53(25-9.1),
(0-212)

22[(1.1-38),
02-6.8]

6.7 [4.9-8.8),
(1.3-15.7))

5.1(2.5-84),
(0-21.9)

45(2.7-6.7),
0.1-137)

125
(2.3-28.7),
(0-64.3)

3

97.9

7.7

94.4

921

9.6

945

786

97.3

85.8

93.7

54.6

97.8

875

85.7

75.7

79.2

0.00

94.9

65.4

85.8

97.8

QE p-value

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

0.051

<0.001

<0.001

<0.001

<0.001

<0.001

0.438

<0.001

0.008

<0.001

<0.001

<0.001

<0.001

Pooled
prevalence in
adults (95% CI)

70.8 (59.4-80.9)

538 (46.1-61.4)

408 (35.1-46.6)

10.4(6.8-14.7)

49(32-7.1)

327 (22.7-43.7)

15.02 (10.4-203)

14.7 (10.1-19.9)

103 (7.2-13.9)

23(1.1-38)

16.4(9.6-24.7)

16.3(12.1-21.02)

15.3 (10.8-20.5)

NA

17.6 (6.7-33.9)

3.1(0.4-7.8)

53(1.1-12.2)

5.3(3.8-7.04)

38(19-69)

28(1.8-38)

53(2.5-9.1)

2.2(1.1-36)

7.2(6.4-9.3)

59(3.04-9.7)

35(2.1-5.2)

Pooled
prevalence in
children (95% CI)

63.6(44.3-80.9)

NA

17.1(6.3-31.6)

NA

NA

312(21.1-42.4)

26.6(19.3-34.7)

13.6 (10.3-17.1)

6.1(0.5-16.4)

NA

12.8 (4.7-23.9)

16.1(12.05-20.6)

1.9 ©.1-149)

5.8(3.47-8.75)

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

125 (2.3-28.7)

I &QE
p-value

98.4(<0.001)

NA

97.1(<0.001)

NA

NA

97.7 (<0.001)

95.2(<0.001)

93.5(<0.001)

93,6 (<0.001)

NA

97.3(<0.001)

90,05 (<0.001)

93.4(<0.001)

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

R®&Qm
P-value

<0.001 (0.507)

NA

23.1(0.001)

NA

NA

<0.001 (0.847)

12.9 (0.029)

<0001 (0.778)

2.6(0.224)

NA

<0.001 (0.596)

<0.001 (0.082)

0.15(0.310)

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

General
population
prevalence in
adults (95% CI)

13.04
(12.1-14.01) (49)

9.6(8.5-10.7)

©1)

2.5 (2.2-2.8) (49)

1.3 (1.1-1.6) (49)

0.5 (0.4-0.6) (49)

4.053.4-4.8)
(49)
12.9
(11.3-14.7) (51)

8.7(0.1 ) (59)

401 SE) (54)

1.7 (0 SB) (55)

1.4-1.5% (SEO)
(56)
7.4(0.1SE) (57)

2.5 (2.1-8.1) (58)

No comparable
data

0.4 (0.3-0.4) (49)

No comparable
data

19 (1.4-2.7) (61)

No comparable
data

1.01(0.5-1.9)
©2)

0.2 (0.1-0.4) (62)

0.8(06-1.1) (62)

No comparable
data

No comparable
data

10.7 (9.2-12.4)

©1

3.9(SE0.1)(63)

1(0.7-1.2) (64)

Not appiicable

General
population
prevalence in
children (95%
<)

13.4(11.3-15)
(50)

1.3(0.7-23)
(50)

1.8(1.1-3.0)
(62) (age range
7-21)

65 (4.7-9.1)
(50)

No
comparable
data
No
comparable
data
No
comparable
data

No
comparable
data

3.4(2.6-45)
(50)

Tourette's
syndrome: 0.8
(0.4-15) (59)
Transient Tic
Disorder: 3
(1.6-5.6) (59)
2.8-94/10,000
(~0.03-0.9)
(60)

No
comparable
data
No
comparable
data
No
comparable
data

No
comparable
data
No
comparable
data
No
comparable
data

No
comparable
data
No
comparable
data

No
comparable
data
No
comparable
data
No
comparable
data
36 (2.8-4.7)
(60

P, Residual heterogeneity; QF & p-value, Significance of resicual heterogeneity; 95% Ci, 95% Confidence Intervals; 95% PI, 95% Prediction intervals; R?, Explained heterogeneity; QM & p-value, Significance of heterogeneity explained
by the moderator; NA, Not applicable; * Pooled prevalence not calculated separately for paediatric studies since they numbered <5; *Pooled prevalence not calculated separately for adlt studies since they numbered <5; *Incluces
somatoform/somatization disorders; *+*Includes hypochondiasis.
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Dimensions

Obsessions

Aggressive
Contamination

Hoarding/saving
Symmetry or exactness
Miscellaneous

Sexual

Religious

Somatic

N (%)

72 (76.6)
46 (48.9)
25 (26.6)
22 (23.4)
79(84.0)
24(25.5)
27 (28.7)
39 (41.5)

Compulsions

Checking
Cleaning/washing
Hoarding/collecting
Ordering/arranging
Miscellaneous
Repeating
Counting

N (%)

46 (51.7)
28(31.5)
16 (18.0)
24 27.0)
57(64.0)
28(31.5)
6(6.7)
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Variable

Single
HCWs
Students
Others
Comorbidity
Family history
Sleep latency

0.608

0.774
0.031
1.438
0915
0.499

SE

0.279

0.367
0.311
0.377
0.462
0.116

Wald

4.728
6.350
4.693
0.010
14.520
3.924
18.803

df

A Y.

sig

0.030
0.042
0.030
0921
0.000
0.048
0.000

Exp(B)

1.836

2.169
1.031
4.213
2.497
1.646

95% Cl (lower-upper)

1.062-3.176

1.077-4.370
0.561-1.897
2.011-8.828
1.010-6.176
1.314-2.063
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Demographic variables Classification N %

Gender Male 230 425
Female 311 575

Age group (years) 15-24 128 287
25-34 202 447
35-44 99 183
245 72 133

Monthly pay (RMB)* <3k 177 827
3-5k 175 824
>5k 189 349

Marital status Unmarried 287 438
Married 304 562

Education level High school 14 214
Junior college 123 227
Bachelor 195 861
Master degree 109 201

Number of family members. 1 33 6.1
23 299 553
4-6 191 853
>6 18 33

Employment status Employed 346 640
Retired 25 46
In school 120 222
Unemployed 50 92

Occupation HOWs® 144 266
Students 13 209
Others 284 525

District Wuchang 228 421
Qiaokou 30 55
Jiangan 30 55
Jianghan 55 102
Hongshan 182 244
Hanyang 44 8.1
Qinshan 22 a1

Duration of residence (months)® 0-6 101 187
612 74 137
12-36 88 163
>36 278 514

Exposure level® Low 444 821
Medium 73 135
High 24 44

Confimed case? Yes 12 22
No 520 978

Suspected case? Yes 15 28
No 526 972

Asymptomatic case® Yes 20 37
No 521 963

Other mental disease Yes 4 76
No 500 924

Family history® Yes 28 52
No 513 948

SSRS score, mean = SD 87.24 +855

Subjective support score, mean & SD 2220£5.265

Objective support score, mean = SD 8337

Availabilty of support score, mean  SD 7.04 +2.06

Modified PSQI score, mean & SD 7.75£2.79

Sleep quaty score, mean == SD 1.97 £0.75

Sleep disturbance score, mean = SD 2.21+£1.08

Sleep latency score, mean  SD 1.80 £1.00

Sleep duration score, mean  SD 1.77£0.82

@RMB is China’s currency, also know as yuan; duration of residence enquired as, “How
long have you been in Wuhan?"; ®exposure levels of residents without contact with
potentiall infected people, residents who had contact with potential patients but were
notin a continuous exposure to the virus, and those shuttling across hospitals or patients
everyday (frequent contact with the virus) are considered low, middle, and high exposure
levels, respectively; %confimed/suspected/asymptomatic refer to COVID-19 status; °A
family history refers but is not confined to OCD); other mental disorders like schizophrenia,
depressive disorder, maniac disorder, bipolar disorder, anxiety disorders, post-traumatic
stress disorder, Tourette syndrome are also included.

HCWs, health care workers; PSQI, Pittsburgh Sleep Quality Index; SSRS, Social Support
Rating Scale; SD, standard deviation.
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Age (years)
Gender (F | M)
Education (years)
y-Bocst
Total
Obsessions
Compulsions
ERQ
Reappraisal
Suppression
PSS-10
OCI-R

Total

Washing

Checking
Ordering
Hoarding

Obsessing

Neutralizing

ocp
(n=42)

27.0(13.7)
27|15
135 (4.7)

280(5.0)
13.0 (5.0)
14.0(3.0)

249+95
143 5.1
223+80

31.8+14.0
4.5(6.0)

4.0(6.0)

50(5.0)
3.0(4.0)
80(6.0)

3.0(7.0)

Control
(n=22)

240 (16.2)
1319
13.0(3.7)

30179
150£59
15472

15.4+103
1.0(1.7)

15(20)

40@.0)
30(35)
25(45)

1.0 20)

Total sample
(n=64)

27.0(15.2)
4024
135 (4.2)

29.0(12.5)
145£54
19.9+83

262+ 150
20(652)

30(4.5)

40(52)
3.0(4.0)
55(7.0)

20(6.0)

Statistical results between groups
(0CD vs. control)

U=
)(“’“=O|7;p=0683;d=010
U =431.60; 0.668;d = 0.11

teg = —2.19;
tez) = —0.53; p = 0.595;d = —0.14
tioz) = 3

lopy = 4.82,p = 9.777 x 106, d = 1.27"
U= 175.50; poons = 2,654 x 10;
d=1.17"

U = 190.00; ppors = 7.140x10°;
d=1.10"

U = 349.00; poont = 0.660; d = 0.41
U = 464.50; poont = 1.000;d = 0.01
U = 185.00; pport = 2.128x10°5;
d=1.42"

U =292.00; poont = 0.090; d = 0.63

Data represents mean = standard deviation for normally distributed variables and median (interquartile range) for the other variables; OCD, obsessive-compulsive disorder; F, female;
M, male; Y-BOCS, Yale-Brown Obsessive Compulsive Scale; ERQ, Emotion Regulation Questionnaire; PSS-10, Perceived Stress Scale (10 items); OCI-R, Obsessive-Compulsive
Inventory-Revised: T Four patients with missing data; *Statistically significant differences between groups.





OPS/images/fpsyt-11-594541/crossmark.jpg
©

2

i

|





OPS/images/fpsyt-11-594541/fpsyt-11-594541-g001.gif





OPS/images/fpsyt-13-927184/crossmark.jpg
(®) Check for updates





OPS/images/fpsyt-12-703701/crossmark.jpg
©

2

i

|





OPS/images/fpsyt-12-721601/fpsyt-12-721601-t001.jpg
Neuropsychological ~ Unweighted  Magnitude Referenced Tests included in ES calculations
domain/subdomain  mean ES® Es? studies

Abramovitch  Shinetal.(5)  Snyderetal. (4) Fradkin etal. (7) Henry (8)
etal. (2)

Executive Function
Set shifting/flexibiity 042 Small (2.4,5,7,8) CANTABset  IED, OAT Pers,  ID/ED, OAT Pers, WCST,IDED, ~ WCST
shifing, OAT, ~ TMTB,WCST ~ DAT,TMTB,  TMTB, TS
WCST, TMTB, WCST, cued task
WAIS similarities switching
Inhibitory function 049 Small .45 CPT, GNG, ST, Stroop Stroop, SST, GNG
Stroop
Working memory 033 Small (2,4,5,7)  CANTABpattern SWM, WAIS-DS  N-Back, WAIS-DS OAT, DAT
recognition,
CANTAB spatial
recognition,
CANTAB spatial
span, CANTAB
SWM, N-Back,
WAIS-DS, WMS
LNS, WMS spatial
span
Fluency 038 Small ©.8) Design fluency,  Verbal fluency Verbal fluency
Verbal fluency
Planning 059 Medium  (2,4,5) TOH, TOL TOH, TOL TOH, TOL
Memory
Verbal memory 039 Small @.5) RAVLT, OVLT, LML, WLT
AVLT, WMS LM
Non-verbal memory 075 Medium  (2,5) BVRT, CANTAB  RCFT
pattern
recognition, ROCF
Processing Speed 0.48 Small @9 CPTRT, Choice TMTA
reaction task,
GNG, R, SST-RT,
Stroop congruent
RT, TMTA, WAIS
SD
Attention 0.48 Smal @.5) CPT, GNG cPT
Visuospatial Function  0.40 Small @5 ROCF copy, Block Block design
design

OCD, obsessive-compulsive disorder; ES, effect size; IED, intra/extra dimension; WCST, Wisconsin card sorting test; TMTB, trail meking test, part B; OAT, object altemation test;
DAT, Delayed alternation test; ID/ED, intracimensional/extradimensional; CANTAB, cambridge automated neuropsychological test battery; SST, stop signal task; OAT Pers., OAT
perseverations; DAT; RAVLT, Rey auitory verbal leaming test; GNG, go/no-go; AVLT, audltory verbal learning test; CVLT, Calionia verbal learning test; WIS, Wechsler memory
scale; LNS, WS letter number sequencing; BVRT, Benton visual retention scale; ROCF, Rey-Osterrieth complex figure; WAIS, Wechsler adult inteligence scale; DS, WAIS digit span;
SD, WAIS symbol digit; SWI, spatial working memory; TOH, tower of Hanoi; TOL, tower of London; CPT, continuous performance test; RT, reaction time; TMTA, trail making task, part
A; TS, task switching task; IDED, intra-dlimensional/extra-cimensional task; TMT, trail making test; Stroop, Stroop color-word, CBT, Corsi block-tapping test; LM, WAIS logical memory
immediate; LIM-1l, WAIS LM delayed; VLT, verbal leering test.

2 Unweighted mean effect sizes calculated from the following meta-analyses: (2, 4, 5, 7, 8). ® According to Cohen (9)—positive ES exemplify poorer test performance.
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Study

Stewart et al. (45)

Mattheisen et al. (46)

den Braber et al. (47)

Qin etal. (48)

Umehara et al. (49)
Guo et al. (50)

IOCDF-GC and
OCGAS (18)

Khramtsova et al. (51)

Cross-Disorder Group
of the Psychiatric
Genomics Consortium
(2019) (52)

Alemany-Navarro et al.

(63)

Costas et al. (54)

Smit et al. (55)

Burton etal. (56)
Strom et al. (57)

Sample size

1,465 cases,
5,557
ancestry-matched
controls and 400
complete trios

5,061

6,931

96
9,896

9,725

9,870
727,126

399

813
8,267

5,018
390,290

Population

European, South
African and
Ashkenazi Jewish

European

NR

NR

Asian (Japanese)
European

European

European
European

European

European
European

European
European

Genes/SNPs identified

rs6131295, BTBD3, DHRS11, ISM1,
FAIM2, ADCY8, DLGAP1

rs4401971, PTPRD, CDHY, IQCK,
C160rf88, DLGAP1, GRIK2, NEURODS,
SV2A, GRIA4, SLC1A2

rs8100480, MEF2BNB, RFXANK,
MEF2BNB-MEF28B, MEF2B

rs17162912, DISP1, rs9303380,
rs12437601, rs16988159, rs723815,
rs7676822, rs1911877, GRIN2B,
PCDH10, GPC6

CHN2

rs4785741, MC1R, TUBB3, DDAH1,
IMPA2, PTH2R

rs4733767, CASC8/CASC11, rs1030757,
GRID2, 1512504244, KIT, ASB13, RSPO4,
DLGAP1, PTPRD, GRIK2, FAIM2, CDH20

GRID2, GPR135
109 pleiotropic loci

SETD3, CPE

DNM3
KIT, GRID2, WDR7, ADCK1

17856850 (PTPAD)
PRS of neuroticism, bipolar disorder,
anorexia nervosa, age at first birth,
educational attainment, and insomnia

Pathway/pathology

Cytoskeleton dynamics, ion channel
modulation and protein degradation,
glutamatergic neurotransmission,
post-synaptic density of glutamatergic
synapses

Differentiation of glutamatergic and
GABAergic synapses, early
neurodevelopment

Immune system functions, muscle-specific
genes’ expression

Glutamatergic and serotonergic
neurotransmission

Caloium signaling

Hair color, pigmentation, neurogenesis,
GVDs, susceptibility to bipolar disorder,
PTH

Glutamatergic neurotransmission

Glutamatergic signaling system
Neurodevelopment

Zinc fon response and lipid metabolism,
lipid metabolism, G protein-mediiated
processes, metabolic processes, and
anion transport

Endocytosis of synaptic vesicles
Emotional, reward processing, memory,
fear-formation functions

Differentiation of neurons

Neuroticism, bipolar disorder, anorexia
nervosa, age at first birth, educational
attainment, and insomnia

Studies are listed in chronological order. SETD3, SET domain containing 3 gene; PTPRD, protein tyrosine phosphatase 8 gene; CPE, carboxypeptidase E gens; DNM3, dynamin 3
‘gene; MEF2BNB, myocyte enhancer binding factor 2B gene; REXANK, DNA-binding protein RFXANK gene; MCTR, melanocortin 1 receptor gene; TUBBS, tubulin beta 3 gene; DDAHT,
dimethylarginine dimethylaminohydrolase 1 gene; IMPA2, inositol monophosphatese 2 gene; PTH2R, perathyroid hormone 2 receptor; CASC&/CASC11, cancer susceptibilty 8 and
cancer susceptibility 11 genes; GRIDZ, glutamate ionotropic receptor delta type subunit 2 gene; KIT, proto-oncogene, receptor tyrosine kinase gene; ASB13, ankyrin repeat and SOCS
box conteining 13 gene; RSPO4, R-spondin 4 gene; DLGAPT gene, discs large homolog associated protein 1; FAIM2, fas apoptotic inhibitory molecule 2 gene; CDH20, cadherin 20
gene; GPR135, G protein-coupled receptor 135 gene; CDH9, cadherin 9 gene; IQCK, IQ motif containing K gene; NEURODS, neuronal differentiation 6 gene; SV2A, synaptic vesicle
glycoprotein 2A gene; GRIAA, glutamate ionotropic receptor AMPA type subunit 4 gene; SLC1A2, solute carrier family 1 member 2 gene; WDR?, WD repeat-containing protein 7 gene;
ADCK1, Aarf domain-containing protein kinase 1 gene; BTBD3, BTB domain-containing 3 gene; DHRST1, dehydrogenase/recluctase 11 gene; ISM1, isthmin 1 gene; ADCY8, adenylate
cyclase type 8 gene; DISP1, dispatched RND transporter family member 1 gene; GRIN2B, glutamate ionotropic receptor NMIDA type subunit 28 gene; PCDH10, protocadherin 10

gene, GPC6, glypican 6 gene, CHNZ, chimerin 2 gene; LRRCT6A, leucine-rich repeat-containing 164 ger

RS, polygenic risk score.
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Name of the
consortium/database

UKB

AllOfUS
The Milion Veteran Program
Yale's Generations

China Kadoorie Biobank
Biobank Japan

Qatar Biobank

Psychiatric Genorrics
Consortium

The International OCD
Foundation Genetics
Collaborative

OCD Collaborative Genetic:
Association Study

Website

www.ukbiobank.ac.uk

https://allofus.nih.gov
https://www.mvp.va.gov/
htps://mecicine.yale.edu/ycci/
programsprojects/generations/
hitps://www.ckbiobank org/site/

https://biobankjp.org/english/
index html

https://www.catarbiobank.org.
qa/home

htps://www.med.unc.edu/pgc/

hitps://iocdl.org/programs/
genetics/

hitps://www.ncbi.nim.nih.gov/
pmo/articles/PMC2555990/

UKB, UK Biobank. **included or targeted.

Nof
participants**

500,000

1 million

825,000
100,000

510,000
200,000

60,000

25,000

1,429 cases;
5,089 controls

344 cases and
1,033 controls

Age of participants

40-69

>18
>18
No age limits

>18
>18

>18

No age limits

No age limits

No age limits

participants

94.6% of
participants are of
white ethnicity

Diverse
Diverse
Diverse

Asian
Asian

Arabic

Diverse

European

European

Country of inclusion

UK

us
us
us

China
Japan

Qatar

International

International

International
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Computational predictions for OCD

Modeling methods.

Reference

Over-stabilty from glutamatergic over-activity Coupled differential equations .9
depth of basins of attraction? attractor networks
Connection abnormality subtypes, periodic orbits Coupled differential equations 6-7)
Sequence stability t network inhibition | Coupled differential equations @)
complex attractor sequences
Intermittent dynamical instabilty, heteroclinic cycles Goupled differential equations (20,21)
Optimal STN-DBS in treatment-refractory OCD Stochastic differential equations ©2)
Identified 4 predictors for suicide attempt Elastic net on clinical and socio-demographic variables (10)
Identified 24 most predictive items for remission Random Forest on clinical data, interviews, questionnaires ©
Pediatric OCD treatment (ICBT) outcome: LR, Elastic net, Random Forest, SVM, linear model @3)
Identified brain regions and discriminating sMRI pattems Bagged SVMs for muttivariate feature selection (11)
Patients with/without sensory phenomena LR, KNN, Random Forest, SVM on ciinical data ®
White matter abnomaities Multivariate SVM on DTI data @4)
Identified 9 predictive variables for severity SVM, naiive Bayes on genetic, neurophysiological data (12)
Severity from mOFG, left putamen gray matter volumes SVR on sMRI volumes @5)
Identified 4 trans-diagnostic data-driven groups SNF, Random Forest on behavioral, neuroimaging data (13)
Pathological activation in orbito-striato-thalamo-orbital network ANN with backpropagation (26)
1 6 power in qEEG — effect of right frontal rTMST ANN classifier with PSO for EEG analysis @7
Identified 4 compulsive/impuisive subgroups indicating severity PCA, K-means clustering on self-report questionnaires ©8)
CSTC connections 1 posterior cerebellar connections § Riemann Kernel PCA on rsfMRI FC matrix, XGBoost ©9)
Exaggerated cingulate error signals, leaming rates | Q-learning fitted to fMRI prediction error responses. (30)
Sensitivity to outcome devaluation 1 LR, RL hybrid of model-free <> model-based (15)
Goal-directed deficits associated with compulsivity, intrusive thought Using online test, questionnaire data, factor analysis, (16)
LR Elastic net, RL hybrid of model-free < model-based
Model-free habit formation 1 model-based control | Model-free SARSA(:) TD algorithm (habit) (17
mOFC, caudate gray matter volumes | model-based RL algorithm (goal-directed)
With higher presynaptic dopamine in ventral striatum: RL hybrid of model-free «—— model-based @2
— model-based coding in lateral PFC 1 habitual > goal-directed
- model-free coding in ventral striatum |
Stimulus-bound preservation |, punishment-driven learning 1 7 RL models using probabilistic reversal learning data @3)
Dy/s agonists & antagonists — punishment-driven learning 1 Hierarchical Bayesian model selection
Treatment strategy when risk of adverse drug effects Meta-analysis, Bayesian hierarchical model 34
Error control 1 fronto-cingulate cortex 1 DCM, Bayesian model selection (35)
dACC — left-DLPFC effective connectivity on fMRI data from congruent/incongruent Stroop task
State transition uncertainty 1 Optimal Bayesian change-point model (36,37
over-exploratory, over-flexibilty Bayesian selective attention model
Information gathering 1 decision threshold 1 Set of Bayesian generative models @8)
delayed urgency signal on sequential information gathering task (uvenike)
Dissociation between confidence and action, abandonment of historical Quasi-optimal Bayesian learning model (@9
information, reliance on prediction errors 1 on modified predictive-inference task
4 symptom dimensions in OCD: 2-level confirmatory factor analysis (40)
Incompleteness, taboo thoughts, responsibiity, contamination Bayesian structural equation models
Impaired transfer across repeated deision episodes Bayesian multievel drift-diffusion model @1)
Driven by implicit memory on dot-motion computer tasks
On verbal recognition memory, discriminability |. between old and new stimuli  Bayesian multilevel drift-diffusion model “2)
on verbal computer tasks and questionnaires
Decision threshold 1 response times 1 Hierarchical drift-diffusion model on RDMT (43)
Modulation of right anterior midde frontal gyrus s effective Tractography-activation models (@4)
Stimulation of specific fiber pathways at lower amplitude may be superior Electric field models of DTI-guided ALIC-NA DBS
SWN properties: p band | # band with poor insight | SWN graph theoretical analysis of resting-state EEG (45)
Overly steep attractor basins Review (46)
Excitatory/inhibitory imbalance, inhibition not decreased Review (47)
Heterogeneity, local stim. of networks, factors for rTMS in OCD Review (48)
Brain networks in flexibility deficits Review (49)
 habit formation «—» goal-directed control | Review (50,51)
Compulsion — Obsession (COD)
Intermediate systems between model-free <> model-based Review (18)
Inabilty to switch between goal directed «— habitual systems Review (52)
Habit formation and goal-directed deficits Review (0]
Disruptions of complex reasoning systems Review of juvenile OCD 53)

References highighted in various colors represent method classes: I dynamical systems; 1" supervised and unsupervised ML algorithms; " reinforcement learning approaches;
" Bayesian, diift-difusion and other methods; I review articles, respectively. STN-DBS denotes sub-thalamic nucleus (STN) and deep brain stimulation (DBS), ALIC-NA denotes
anterior limb of the intemal capsule (ALIC) and the nucleus accumbens (NA). ICBT, Intemet-delivered cognitive behavior therapy; LR, logistic regression; SVM, support vector machine;
KNN, K-nearest neighbor; DTI, diffusion tensor imaging; mOFC, medial orbitofrontal cortex; SVR, support vector regression; sMR), structural MRI; SNF, similarity network fusion; GEEG,
quantitative EEG; ANN, artificial neural network; PSO, particle swarm optimization; PCA, principal component analysis; CSTC, cortico-striatal-thalamo-cortical; risMR, resting-state fMRl;
FC, functional connectivity; RL, reinforcement leaming; TD, temporal diference leeming; dACC, dorsal anterior cingulate cortex; DCM, dynamic ceusal modeling; RDMT, random-dot

motion task; SWN, small world network.
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Maternal bonding (PBQ)

B B

Maternal depression (ASR)  —0.03 ~ —0.32"

Maternal anxiety (ASR) -001  -013
PI-PROCS! current dev -026 -0.27"
PI-PROCS! future dev 0.02 003

" Correlation is significant at the 0.01 level (2-tailed)

Confidence interval (b)

Lo95

-0.05
-0.03
-0.45
-0.11

Up9s

-0.01
0.01
-0.07
0.15





OPS/images/fpsyt-12-659616/fpsyt-12-659616-t001.jpg
Cerebellar network

Executive network

Default mode network

Affective-limbic network

Motor network

Cerebellar seed
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12, -78, -28
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Variables mean (S.D.)

Age, years
Sex, male/female

Handed, right/left
Estimated verbal IQ*
HAM-D-17

HAM-A

Y-BOCS total score
Obsession subscale score
Compulsive subscale score
Invalid Scan

0CD (n = 47)

33.30 (11.87)
18/29
418

©104.20 (8.37)

5.00(4.78)

636 (7.47)

25,13 (5.73)
12.68 (3.16)
12.45 (3.30)
10.98 (19.41)

HC (1 =62)

32,61 (11.04)
22/40
60/2
107.45 (9.26)
026 (0.65)
0.40 (1.03)
003
0.08(0.19)
000 0.00)
7.35 (14.96)

0.091
3.578

HAM-A, Hamilton Anxiety Scale; HAM-D, Hamilton Depression Scale; Y-BOCS, Yale-Brown Obsessive-Compulsive Scale.

aEstimated verbal IQ was measured by the Japanese version of the National Adult Reading Test (JART).
©0ne participant did not complete JART.

*p < 0.01.

0.308

—1.864
6.873
5.371

29.712

27.249

25.493
1.09

Statistics

df

107

106

473
47.34
46.08
46.00
46.20

107

p-value

0.759
0.763
0.059
0.065
**0.000
**0.000
**0.000
**0.000
**0.000
0278
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Study

Leckman et al.,
2003 (29)

Chacon etal.,
2007 (30)

Hasler et al., 2007
@1

Pinto et al., 2008
@2)

van Grootheest
etal., 2008
&)

lervoiino et al.,
2011 (3¢)

Brakoulias et al.,
2016 (35)

Chacon et al.,
2018 (36)

Burton et al., 2018
©7

Sample N

128 siblings of
Tourette Syndrome
with OC symptoms
(OCD in 45 of them),
from 54 families with
parents

40 siblings affected
with OCD, from 18
families

418 subjects,
comprised 173 pairs,
20 trios, 3 quartets
from OCCGS
0CCGS sample, 145
independent sibling
pairs

331 monozygotic, 173
dizygotic female pairs
from Virginia Twin
Registry

4355 females from the
TwinsUK Registry

121 0CD probands
with family history of
OC symptoms.

66 children of OCD
probands

16,718 youth (general
population)

Ascertainment &
Assessment

Tourette Syndrome
Association
International
Consortium, YBOCS
applied on all recruited

Direct interview with all
subjects, YBOCS
checkiist applied

Direct interview with all
subjects, YBOCS
checkist applied

Direct interview with all
subjects, YBOCS
checkiist applied

Padua Inventory
(Self-report)

Obsessive Compulsive
Inventory- Revised
(self-report)

Probands assessed
with V-OCI,
Symptoms in family
members derived from
Family history screen
administered on
probands

Children screened for
0CS usinga
5-question screen,
YBOCS appiied on
parent probands only
Toronto Obsessive-
Compulsive

Scale

Statistical method

Complex segregation
analysis factor
analysis-derived
symptom dimensions

1CC of factor
analysis-derived
symptom dimension
scores

ICC of factor analysis
derived symptom
dimension scores

ICC of item- &
category-level factor
analysis derived
symptom dimension
scores.

Structural equation
modeling of factor
analyzed symptom
dimensions

Multivariate Twin
modeling

t-tests comparing
those with FDR having
aparticular dimension
vs. those without

Comparison of
YBOCS checkist of
parents of children
with vs. without OCS

Univariate &
multivariate latent trait
&twin modeling

Findings

Aggressive/sexual/religious and
symmetry/ordering had greater
concordance among siblings,
higher correlation between
mother-child pairs

Greater concordance of
contamination in male pairs,
greater hoarding in female pairs

Significant ICCs for all factors,
but very low values (Maximum
ICC found for hoarding - 0.21)
with gender dependence
Significant ICCs for hoarding,
taboo thoughts,
doubts/checking &
contamination/cleaning.
Symmetry/ordering not found
significant

Common factor model for all
dimensions had best fit, only
contamination showed distinct
genetic influence from other
dimensions

Common pathway model did
not fit,independent genetic &
shared environmental

High sharing of contamination &

hoarding, low for all other
dimensions

Children with OCS more
commonly had probands with
contamination/washing

Hoarding had the highest
unique heritabiliy, all other
factors also had specific

Limitations.

Only comorbid
OCD/OCS in Tourstte
syndrome were
studied

Small sample size,
only sibling pairs
examined

Only sib-pais, only
early onset taken
(mean age at onset =
8.7 years)

Same as above; also
excluded tics & several
other comorbidities

Non-clinical sample,
only OCS (not OCD)
was evaluated,
females only

Non-clinical sample,
only OCS, only female
twin pairs

Relatives not
interviewed

Symptom sharing not
analyzed

Non-clinical sample

OCS, obsessive-compulsive symptoms; OCCGS, Obsessive-Compulsive Consortium for Genetic Studies; YBOCS, Yale-Brown Obsessive-Compulsive Scale; ICC, Intraclass Correlation
Coefficient; V-OCI, Vancouver Obsessive Compulsive Inventory.
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Characteristic

n (%) or Mean (SD)

Sex Male 166 (50.5%)
Female 164 (49.5%)
Age at assessment (years) 36.15 (14.24)
Age at onset (years) 2184 (858)
YBOCS Severity Rating ~ Obsession Sub-total 11.75 3.70)
Compulsions sub-total 11.09 (4.26)
Total 22.6(7.70)
Insight (item-11) 1.29(0.74)
Avoidance 1.39(0.96)
cal-s 3.91(1.20)
Poor Insight (YBOCS-11 8" or “4”) 27(9.4%)
YBOCS Checklist Items (Lifetime)
Obsessions Contamination 214 (64.8%)
Somatic 31(0.4%)
Aggressive 97 (20.4%)
Sexual 62 (18.8%)
Religious 87 (26.4%)
Hoarding 45 (13.6%)
Pathological Doubts 175 (63%)
Need for Symmetry 112 (33.9%)
Compulsions Washing 220 (66.7%)
Checking 184 (55.8%)
Repeating 115 (34.8%)
Counting 24 (7.3%)
Arranging/Ordering 105 (31.8%)
Collecting 36 (10.9%)
Mental Compulsions 141 (42.7%)
Comorbidty (Lifetime)
Major Depressive Disorder 148 (44.9%)
Dysthymia 36 (10.9%)
Hypo/Mania 22 (6.7%)
Generalized Anxiety Disorder 48 (14.5%)
Panic disorder 24 (7.31%)
Agoraphobia 17 (5.2%)
Social Anxiety Disorder 22 6.7%)
Psychosis 19 (5.8%)
Attention Deficit Hyperactivity Disorder 92.7%)
Substance Use Disorder (Any - excluding Nicotine) 9@2.7%)
Tic Disorder 19 (5.8%)
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Domain

OCD-related
outcomes

Secondary
outcomes

Treatment
perspectives

Measure name

Children’s Yale-Brown
Obsessive-Compuisive
Scale—Severity Ratings

Child Obsessive-Compulsive
Impact Scale—Revised

OCD Family Functioning
Scale—Part 1

Family Accommodation
Scale—Self Report

Coercive Disruptive Behavior
Scale for Pediatric OCD

Pediatric Qualty of Life
Enjoyment and Satisfaction
Questionnaire

lowa Conners Rating Scale

Revised Child Anxiety and
Depression Scale

Child Avoidance Measure

Treatment Perspective Form

Abbr.

CY-BOCS

COIS-R

OFF

FAS-SR

CD-POC

PQ-LES-Q

IOWA

RCADS

CAM

Construct

Youth's severiy of symptoms
caused by OCD

Youth's level of impairment from
OCD in home, school, and
social functioning.

Impacts of OCD on famiy
routine,
socio-ocoupational/school, and
emotional functioning

Family member engagerent in
OCD-related accommodations
Youth's distinctive coercive
disruptive behaviors in the
context of pediatric OCD
Youth's quality of life

Inattentive, impulsive, and
overactive (1-O) as well as
oppositional and defiant (-D)
symptoms in youth

Gomorbid anxiety and
depressive symptoms in youth

Youth's avoidance of stimul
eliciting anxiety, fear or worry

Perspectives on treatment
utilty, quality and format

Rater

Clinician

Parent®

Youth
Parent®

Youth
Parent®

Parent

Youth

Parent

Parent*

Youth
Parent

Youth
Parent®

Youth

Items

10

21

470

10

Scoring

0 (none)—4 (extreme)

0 (not at all-3 (very
much)

0 (never)—3 (daily)

0 (none or not at all)—4.
(everyday or extreme)
0 (never)—4 (almost all
the time)

1 (very poor)—5 (very
good)

0 [not at all-3 (very
much)]

1 (never)—4 (always)

0 (almost never)-3
(almost always)

0 (disagree)—100
(agree)

Relevant
citations

(23, 26)

en

(28,29)

(32)

(33)

(@4, 35)

©0)

2The measure was provided to two parents; however, given inconsistent completion among second parents, the average of available parent scores was utiized for outcomes.
The six items from the obsessive-compulsive subscale were excluded from calculation of the total score.
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Overall (n = 26) Hospital (n = 14) Home (n = 12)

Variable n(%)ormean(SD)  Missing,n  n(%)ormean(SD)  Missing,n  n(%)ormean(SD)  Missing, n
Child gender, male, n (%) 14 (56%) 1 6 (46%) 1 8(67%) 0
Child age at screening 14.4(2.7) 1 14.8(2.3) 1 13.9@3.1) 0
Age of first OC symptoms 10,0 (3.2) 1 9.735) 1 10.4(2.8) 0
Age at diagnosis 12.8(2.8) 5 12728 4 12.8(2.9) 1
Age at worst OC symptoms 1.4 3.4) 1 11039 1 11.93.0) 0
Ethnicity el 1 [
East Asian 3(12%) 1(8%) 2(17%)
South Asian 3 (12%) 2 (16%) 1(8%)
West Asian 1(4%) 1(8%) 0(0%)
White (non-Hispanic/Latin) 15 (60%) 7 (54%) 8(67%)
White (Hispanic/Latinx) 2(8%) 2(16%) 0(0%)
Mixed (East Asian/Caucasian) 1(4%) 0(0%) 1(8%)
Father's highest level of education, n (%) 1 1 0
High school or less. 2(8%) 2(15%) 0(0%)
Community, technical, or trade degree 7 (28%) 3(23%) 4(33%)
Undergraduate degree 10 (40%) 6 (46%) 4(33%)
Advanced degree 6(24%) 2(15%) 4(33%)
Mother’s highest level of education, n (%) 1 1 0
High school or less. 2(8%) 1(8%) 18%)
Community, technical, or trade degree 4 (16%) 1(8%) 3(25%)
Undergraduate degree 11 (44%) 7(54%) 4(33%)
Advanced degree 8(32%) 4(31%) 4(33%)
Comorbidities, current
Total combined, median (QR) 05(0,2) 0 15(0,2) 0 0(0,225) 0
GAD, n (%) 10 (39%) 4 7(60%) 0 3(25%) 0
Social phobia, n (%) 3 (12%) [ 3(21%) 0 0(0%) [
Separation anxiety, n (%) 1.(4%) 0 0(0%) 0 1(8%) 0
Specific phobia, n (%) 5 (19%) 0 1(7%) 0 4(33%) 0
Panic disorder, 1 (%) 1.(4%) 0 1(7%) 0 0(0%) 0
PTSD, n (%) 1 (4%) 0 1(7%) 0 0(0%) 0
Tics disorder, any, n (%) 3(12%) 0 1(7%) 4 2(17%) 0
ADHD, n (%) 5(19%) 0 3(21%) 0 2(17%) 0
Major depressive disorder, 1 (%) 1.(4%) 0 1(7%) 0 0(0%) o
ASD, n (%) 1(4%) 4 1(7%) 4 0(0%) 0
Prior psychosocial treatment for OCD 15 (60%) 1 9(64%) 0 6 (55%) 1
SRis, n (%) 9(36%) 1 5(36%) 0 4(36%) 1

Means (and standard deviations) are shown unless specified otherwise. Percentages are based on total of sample with available data.
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Post 1 Post2 Follow-up 1 Follow-up 2

Outcome, n (%) Hosp Home Hosp Home Hosp Home Hosp Home
Response (35% reduction in CY-BOCS) 2(14%) 18%) 7(50%) 5 (42%) 11.(79%) 9(75%) 8(57%) 11(92%)
Remission (66% reduction in CY-BOCS) 0 (0%) 1(8%) 1(7%) 2(17%) 3(21%) 6 (50%) 1(7%) 6 (50%)

Remission (CYBOCS < 11) 0(0%) 16%) 2(14%) 3(25%) 3(21%) 6 (50%) 1(7%) 6 (50%)
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MxGDAR (n = 13 130)

Age, in years (mean, sd) 335 (15.3)
Gender

Male 6295 (47.9)
Female 6835 (52.1)
Marital status.

Married 4565 (34.8)
Cohabiting 2352 (17.9)
Separated 546 (4.2)
Divorced 151 (1.1)
Widowed 313 (2.4)
Single 5203 (39.6)
Religion

Catholic 10829 (78.7)
Protestant 173(13)
Jewish 3(0.0
Christian 898 (6.8)
Other 541 (4.1)
None 1186 (9.0
Educational level

Incomplete elementary level 1109 (8.4)
Completed elementary level 1914 (14.6)
Incomplete middle school 1365 (10.4)
Completed middle school 3518 (26.8)
Incomplete high school 1287 (9.8)
Completed high school 1982 (15.1)
University or more 1627 (12.4)
Psychiatric symptoms lifetime

Obsession and compulsion 288 (2.4)
Hypomania 1033 (7.9)
Psiychosis 251(1.9)
Anxiety 510(39)
Depression 839 (6.4)
Cannabis use lfetime 1368 (10.4)

Cannabis dependence lifetime 82(0.6)
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Outcome: SES 3

Intercept 4.880
Gender -3.336
Age 0.000
Contamination symptoms 0333
ASQ confidence ~0.026
ASQ discomfort with closeness -0.032
ASQ relationships as secondary ~0.006
ASQ need for approval 0016
ASQ preoccupation with relationships ~0.025
Gender * ASQ confidence 0057
Gender * ASQ discomfort with closeness 0.051
Gender * ASQ need for approval 0012
Gender * ASQ preoccupation with refationships -0.003
Gender * ASQ relationships as secondary ~0014
Gender * contamination symptoms 0.035

SE

0.8612
1.4633
0.0060
0.1765
0.0153
00141
0.0137
00147
0.0148
0.0254
0.0236
0.0207
0.0304
0.0277
0.2974

Lower limit

3.192
—6.204
-0.011
-0.013
-0.085
-0.059
-0.083
-0.013
—0.064

0.008

0.005
-0.028
-0.063
—0.068
-0.548

95% Cl

Upper limit

6.567
—0.468
0.012
0.679
0.004
-0.004
0.020
0.045
0.004
0.107
0.097
0.052
0.056
0.040
0618

Wald x2

32.104
5.198
0.004
3563
2.796
5052
0.222
1.233
2779
5.090
4.685
0.324
0.011
0.265
0.014

df

SE, Standard error; SES, Sexual Excitation Scale; Cl, Confidence Interval: OCI-R, Obsessive Compulsive Inventory-Revised: ASQ, Attachment Style Questionnaire.

p-value

0.000
0.023
0.948
0.059
0.095
0.025
0.637
0.267
0.095
0.024
0.030
0.569
0917
0.607
0.907
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Outcome: SIS1

Intercept

Gender

Age

Contamination symptoms.

ASQ confidence

ASQ discomfort with closeness

ASQ relationships as secondary

ASQ need for approval

ASQ preoccupation with relationships
Gender * ASQ confidence

Gender * ASQ discomfort with closeness
Gender * ASQ need for approval

Gender * ASQ preoccupation with refationships
Gender * ASQ relationships as secondary

Gender * contamination symptoms

SE, Standard error; SIS1, Sexual Inhibition Type 1 Scale; Cl, Confidence Interval; OCI-R, Obsessive Compulsive Inventory-Revised; ASQ, Attachment Style Questionnaire.

2230
2073
0.004
-0.176
0.010
-0.013
-0.010
-0.017
0.029
-0.028
0.005
—-0.009
—0.049
-0.012
0.690

SE

0.9183
1.5604
0.0063
0.1882
0.0163
0.0150
0.0146
0.0157
0.0157
0.0271
0.0252
0.0221
0.0324
0.0295
0.3171

Lower limit

0.430
-0.985
—0.008
-0.545
-0.022
-0.043
-0.038
-0.048
—-0.002
-0.081
—0.045
-0.062
-0.113
—0.069

0.068

95% Cl

Upper limit

4.030
5182
0.017
0.193
0.042
0016
0.019
0.013
0.059
0.025
0.054
0.034
0.014
0.046
1312

Wald x2

5.896
1.766
0.498
0.871
0.365
0.775
0.456
1.221
3.290
1.092
0.036
0.161
2311
0.156
4.737

df

p-value

0.015
0.184
0.480
0.351
0.546
0.379
0.500
0.269
0.070
0.296
0.850
0.688
0.128
0.694
0.030
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M (SD; range)/n (%)

Age (years) 34.50 (10.39; 18-58)
GENDER
Female 27 (37.50)
Male 45 (62.50)
Single 55 (76.40)
Married 15 (20.80)
Divorced 2(2.80)
EDUCATIONLEVEL
Elementary school 3(4.20)
Middle school 5(6.90)
High school 35 (48.60)
Degree 24(33.30)
Post-graduate education 4(5.60)
Undergraduate 1(1.40)
Employed 16 (22.20)
Unemployed 44 (61.10)
Other 9(12.50)
Age at OCD onset (years) 2136 (8.90; 6-53)

Concurrent anticepressant (serotonergic) medication 32 (44.40)
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Outcome: SES B SE 95% ClI

Lower Upper Wald’s x2 df p-value
Intercept 4.920 0.8323 6.562 34.954 1 0.000
Gender —8.240 1.4113 -0.473 5.269 1 0.022
Age ~0.001 00058 0011 0012 1 0913
OCI-R total 0012 00043 0,021 8.424 1 0.004
ASQ confidence ~0.030 00152 —0.001 4.040 1 0044
ASQ discomfort with closeness -0.030 00134 -0004 5.085 1 0024
ASQ relationships as secondary -0.008 00134 0018 0352 1 0553
ASQ need for approval 0.007 00138 0,034 0224 1 0636
ASQ preoccupation with relationships ~0021 00138 0005 2.508 1 0113
Gender * ASQ confidence 0.057 00249 0.106 5283 1 0021
Gender * ASQ discomfort with closeness 0.051 0.0210 0.092 5915 1 0.015
Gender * ASQ need for approval 0.008 00202 0,046 0.094 1 0759
Gender * ASQ preoccupation with refationships 0013 00292 0,070 0.185 1 0667
Gender * ASQ relationships as secondary -0.024 00255 0,026 0899 1 0343

SE, Standard error; SES, Sexual Excitation Scale; Cl, Confidence Interval: OCI-R, Obsessive Compulsive Inventory-Revised: ASQ, Attachment Style Questionnaire.
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Outcome: SIS1

Intercept
Gender

Age

OCI-R

OCI-R total

ASQ confidence

ASQ discomfort with closeness

ASQ relationships as secondary

ASQ need for approval

ASQ preoccupation with relationships

Gender * ASQ confidence

Gender * ASQ discomfort with closeness
Gender * ASQ need for approval

Gender * ASQ preoccupation with relationships

2.205
1.692
0.007
-0.007
0.012
-0.015
-0.009
-0.011
0.026
-0.025
0.033
-0.011
—0.042
-0.034

SE

09192
15588
0.0064
0.0047
0.0167
0.0148
0.0148
0.0152
0.0147
0.0276
0.0232
0.0223
0.0822
0.0282

Lower

0.404
—1.363
—-0.006
-0.016

-0.038
-0.041

-0.013
—-0.054
-0.106
—-0.089

95% Cl

Upper

4.007
4.747
0.019
0.003
0.045
0.014
0.020
0.019
0.056
0.029
0.078
0.033
0.021
0.021

Wald's x2

5.767
1.178
1.181
1.933
0.499
1.067
0.393
0.525
3.119
0.837
1.969
0.238
1.737
1.463

p-value

0.016
0.278
0277
0.164
0.480
0.304
0.531
0.469
0.077
0.360
0.161
0.625
0.187
0.226

SE, Standard error; SIS1, Sexual Inhibition Type 1 Scale; Cl, Confidence Interval; OCI-R, Obsessive Compulsive Inventory-Revised; ASQ, Attachment Style Questionnaire.
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Outcome: SIS2

Intercept
Gender

Age

OCIR total

ASQ confidence

ASQ discomfort with closeness

ASQ relationships as secondary

ASQ need for approval

ASQ preoccupation with relationships

Gender * ASQ confidence

Gender * ASQ discomfort with closeness
Gender * ASQ relationships as secondary
Gender * ASQ need for approval

Gender * ASQ preoccupation with relationships

SE, Standard error; SIS2, Sexual Inhibition Type 2 Scale; Cl, Confidence Interval; OCI-R, Obsessive Compulsive Inventory-Revised; ASQ, Attachment Style Questionnaire.

0.606
2652
0.007
-0.009
0.046
-0.022
0.002
0.051
-0.008
-0.070
0.013
-0.008
-0.108
0.050

SE

0.8396
1.4238
0.0058
0.0043
0.0153
0.0135
0.0135
0.0139
0.0134
0.0252
0.0212
0.0203
0.0204
0.0257

95% CI

Upper

2261
5.443
0.018

—5.8086-5

0.076
0.005
0.028
0.078
0.018
-0.021
0.054
0.082
—0.050
0.101

Wald’s x2

0.520
3.470
1.304
3.894
9.074
2577
0.017
13.493
0387
7.798
0.359
0.186
13.494
3817

p-value

0471
0.062
0.253
0.048
0.003
0.108
0.897
0.000
0534
0.005
0.549
0.693
0.000
0.051
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Sociodemographics
Age, years

Gender, female

Partner, yes

Child(ren), yes

Living independently, yes
Education, years.
Employment, yes

Income

Clinical characteristics
Y-BOCS total

Late age of onset OCD, yes®
Comorbid disorders?
Comorbid anxiety®
Comorbid depression’
Psychiatric medication, yes
Psychosocial characteristics
Extraversion?
Agreeableness?
Conscientiousness?
Emotional stabilty?
Autonomy?

Childhood trauma

Social support’

Quality of life!

Univariable analyses

OR

0.99
117
0.54
133
0.51
0.93
0.44
0.97

1.10
1.01
1.30
1.04
1.05
275

081
0.96
1.03
0.88
0.84
114
0.98
0.23

95% Cl

0.98,1.01
0.83,1.65
0.44,0.68
0.92,1.92
0.31,0.84
0.89,0.98
0.30,0.64
0.93,1.01

1.06, 1.14
0.84,1.20
1.19,1.43
1.02, 1.06
1.04,1.08
1.62,4.68

0.70,0.93
0.80, 1.16
0.88,1.21
0.75,1.02
0.72,0.97
0.99, 1.30
0.96, 0.99
0.14,0.38

P

0.30
038
<0.01*
0.12
0.01*
0.01*
<0.01"
0.12

<0.01"
0.95
<0.01"
<0.01*
<0.01"
<0.01"

<0.01"
0.70
0.74
0.10
0.02*
0.07
0.01*

<0.01"

Multivariable analyses
within categories

OR  95%Cl P
057 045,071 <001
050 045,071  <001*
105 104,106 <001
211 122,363 001
023 014,038 <001

Multivariable analyses
over categories model 12

OR  95%Cl P
062 051,076  <001*
104 103,105  <001"
202 117,348 001*

aQuality of lfe was omitted in model 1 due to multicollinearity between comorbid depression and quality of .
©Comorbid depression was omitted in model 2 due to multicolinearity between comorbid depression and quality of life.

Onset =20 years.

SNumber of current comorbid psychiatric disorders.

°Beck Anxiety Index.
*Beck Depression Inventory.

9Subscale of Five-Factor Personality Inventory (FFP).

PStructured Trauma Interview.
ISocial Support Inventory.
JEQ-5D utiity score.

“p < 0.05.

Multivariable analyses
over categories model 2°

OR  95%Cl P
062 049,077  <0.01"
216 125,374 001*
029 019,046 <001
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Potential predictor Instrument range min-max

Sociodemographics
Age, years

Gender, female

Partner, yes.

Chid(ren), yes

Living independently, yes
Education, years

Employment, yes

Income

Clinical characteristics
Y-BOCS obsessions

Y-BOCS compuisions

Y-BOGS total

Late age of onset OCD, yes®
Insight in OCD®

Gomorbid disorders®

Comorbid anxiety'

Comorbid depression?
Psychiatric medication, yes
Psychosocial characteristics
Extraversion

Agreeableness”
Conscientiousness”

Emotional stability™

Autonomy”

Childhood traumat

Social support

Quality of lfe

2Range in dataset.

POnset 220 years.

Overvalued ldeas Scale.

INot available.

°Number of current comorbid psychiatric disorders.
1Beck Anxiety Index.

9Beck Depression Inventory.
PSubscale of Five-Factor Personality Inventory (FFP).
IStructured Trauma Interview.

ISocial Support Inventory.
KEQ-5D utility score.

18-79*

5-182

1-16

0-20
0-20
0-40

0-10

0-63
0-40

-5.0-6.0
-5.0-56.0
-5.0-5.0
-5.0-5.0
-5.0-6.0
0-6
20-60

Baseline
mean (SD) or %

n=419

36,6 (109)
56%
62%
37%
87%

12.6(3.3)
53%
78(42)

99(4.9)
10.0 (4.8)
199 8.1)
39%
NAY
18(12)
17.3(12.0)
15.3 (10.1)
75%

~0.07 (1.9)
22(1.7)
09(1.5)
-07(12)
09(1.1)
15(12)
50.0(8.4)
0.6(0.3)

2-year measurement
mean (SD) or %

n=311

69%
40%
95%
132(3.2)
60%
88(4.6)

7.4(48)
7.7(60)
15.1(9.0)

43(15)
12(1.1)
13.4(112)
11.6(10.1)
69%

512(93)
08(02)

4-year measurement
mean (SD) or %
n=295

66%
55%
97%
13.2(33)
55%
9048

75(4.7)
79(62)
15.4(92)

44(13)
12(1.9)
116(9.8)
13.6 (10.9)
70%

51.0(0.2)
0703
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Treatment Baseline®  2-year® 4-year®

Intensive treatment

Number of days
Mean (SD) 558(46.4) 96.3(103.3) 168.9(183.5)
Median 40 55 80

n 105(25%)  76(24%) 40 (14%)
Outpatient treatment

Number of sessions

Mean (SD) 102(87) 30.1(200) 24.9(26.6)
Median 7 21 16

n 287 (68%) 194 (62%) 166 (56%)
No treatment

n 26(6%  88(12%)  88(30%)
Missing 1(0%) 3(1%) 1(0%)

n 419 311 295

aTreatment in the previous 6 months.
bTreatment in the previous 2 years.

6-year”

78.7 (143.3)
30
30 (11%)

232 (22.0)
18
143 (53%)

95 (35%)
4(1%)
272
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Outcome:

Intercept
Gender

Age

Contamination symptoms.

ASQ confidence

ASQ discomfort with closeness

ASQ relationships as secondary

ASQ need for approval

ASQ preoccupation with relationships

Gender * ASQ confidence

Gender * ASQ discomfort with closeness
Gender * ASQ need for approval

Gender * ASQ preoccupation with refationships
Gender * ASQ relationships as secondary
Gender * contamination symptoms

SE, Standard error; SIS2, Sexual Inhibition Type 2 Scale; Cl, Confidence Interval; OCI-R, Obsessive Compulsive Inventory-Revised; ASQ, Attachment Style Questionnaire.

0.237
3527
0.003
-0.520
0.044
-0.012
0.005
0.036
0.006
-0.075
—-0.022
-0.011
—0.104
0.059
0.963

SE

0.8051
1.3681
0.0056
0.1650
0.0143
0.0132
0.0128
0.0138
0.0138
0.0237
0.0221
0.0193
0.0284
0.0259
0.2780

Lower limit

—1.341
0.845
—0.008
-0.844
0.017
-0.038
-0.020
0.008
—0.021
-0.122
—0.065
-0.049
—0.160
0.008
0.418

95% Cl

Upper limit

1.815
6.208
0.014
-0.197
0.072
0.013
0.030
0.083
0.033
-0.028
0.022
0027
—0.048
0.109
1.508

Wald x2

0.087

6.645
0.250
9.943
9.721

0.879
0.144

6.698
0.195
10.022
0.966
0345
13.459
5.167

11.996

p-value

0.768
0.010
0.617
0.002
0.002
0.349
0.704
0.010
0.659
0.002
0.326
0.557
0.000
0.023
0.001





