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Purpose: The primary objective of this study was to investigate the prevalence and characteristics of tinnitus related to COVID-19 vaccination. Specifically, we aimed to assess the impact of COVID-19 vaccination on the onset and severity of tinnitus, including changes in loudness, pitch, anxiety, and speech perception. Additionally, we sought to identify potential risk factors associated with new-onset tinnitus and the exacerbation of pre-existing symptoms.

Design: A comprehensive survey was administered to 372 individuals who reported new-onset tinnitus or worsening of pre-existing tinnitus following COVID-19 vaccination. Data on tinnitus characteristics before and after COVID-19 vaccination were collected. The survey documented pre-existing medical conditions, and changes in tinnitus loudness, pitch, and related anxiety. Respondents were divided into two groups: those with pre-existing tinnitus and those with new-onset tinnitus following vaccination. Statistical analyses were conducted to compare changes across these groups and to explore associations with vaccine type (mRNA vs. non-mRNA) and pre-existing medical conditions.

Results: Of the respondents, 53% with pre-existing tinnitus reported worsened symptoms following vaccination, with significant increases in loudness, pitch, and anxiety. Additionally, 47% of respondents developed new-onset tinnitus, with this group reporting higher severity and anxiety levels compared to those with pre-existing tinnitus. There was no significant difference in tinnitus onset latency between mRNA vaccines (Pfizer and Moderna) and non-mRNA vaccines (Johnson & Johnson). Pandemic-related anxiety was identified as a contributing factor to the exacerbation of tinnitus symptoms.

Conclusions: The results indicate that COVID-19 vaccination is associated with an increased risk of both new-onset tinnitus and worsening pre-existing tinnitus. Significant increases in tinnitus loudness, pitch, and anxiety post-vaccination, along with challenges in speech perception, emphasize the need for further research into the auditory effects of COVID-19 vaccination. Identifying risk factors, such as underlying health conditions and psychological stress, will be crucial in developing strategies for the management and treatment of tinnitus in vaccinated individuals.
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1 Introduction

The COVID-19 pandemic has led to a wide range of health complications, extending beyond respiratory illness to include neurological, cardiovascular, and auditory symptoms. Among these, tinnitus—a condition characterized by the perception of ringing or buzzing in the ears without an external source—has emerged as a significant concern. As cases of COVID-19 soared globally, so did reports of tinnitus, either as a new onset or as a worsening of pre-existing symptoms. Understanding the prevalence and characteristics of tinnitus during the pandemic is critical to addressing its physical and psychological impact (Beukes et al., 2021).

Various studies have reported tinnitus as a prominent side effect within the field of otolaryngology following COVID-19 infection (Colizza et al., 2022; Jafari et al., 2022; Leong et al., 2023; Ong and Cruz, 2022) and vaccination (Finsterer and Edmonds, 2022; Medina and Gómez, 2022; Dorney et al., 2023). In the early stages of the pandemic, tinnitus emerged as one of the initial indicators of COVID-19 (Liang et al., 2020). Subsequent case reports (Daher et al., 2022; Narozny et al., 2021) and comprehensive studies further indicated its frequent occurrence among affected patients (Munro et al., 2020; Narozny et al., 2021). These reports are further supported by studies demonstrating that a significant proportion of COVID-19 patients experienced either the worsening of pre-existing tinnitus or the development of new-onset tinnitus symptoms during the pandemic. For instance, Beukes et al. (2021) found that nearly 40–50% of individuals with COVID-19 experienced worsened tinnitus or developed new-onset symptoms.

Additionally, a global study conducted by Feng et al. (2023) involving over 3,100 patients from 48 countries reported that tinnitus became a widespread issue, potentially linked to COVID-19 and the stress and anxiety associated with the pandemic. Stress and anxiety are well-documented contributors to the onset and severity of tinnitus, further underscoring the need to study tinnitus in the context of COVID-19 (Liang et al., 2020). Potential factors contributing to tinnitus in COVID-19 patients include direct impact on the auditory system, inflammation within the inner ear, immune responses triggered by the virus (Liang et al., 2020), and systemic illness effects (Wang et al., 2024). These findings highlight the multifaceted nature of tinnitus during the pandemic, as patients with long COVID frequently exhibit neurological manifestations such as tinnitus, vertigo, and dizziness (Degen et al., 2022).

Building upon these findings, this study was designed to assess the prevalence and impact of COVID-19 infection and vaccination on tinnitus, focusing on several key areas. One primary goal was to determine whether COVID-19 vaccination exacerbates symptoms in individuals with pre-existing tinnitus (Yellamsetty and Gonzalez, 2023; Wang et al., 2024), and whether the vaccines might trigger the new onset of tinnitus in those previously unaffected. In addition, the study aimed to evaluate perceptual changes in tinnitus, such as variations in pitch, loudness, and annoyance. Furthermore, the study also explored the psychological effects of the pandemic, particularly anxiety, and how these emotional factors influenced tinnitus perception. By examining the rate and distribution of tinnitus cases across different vaccine manufacturers, gender differences across age groups, tinnitus onset latency post-vaccination, and the effects of medication and health conditions, this study offers a comprehensive understanding of the factors influencing tinnitus following COIVD-19 vaccination. These findings are expected to guide healthcare professionals in developing more effective treatment protocols for managing auditory health issues linked to COVID-19 and vaccination.



2 Methods

A detailed questionnaire was developed to gather comprehensive information on participants' demographics, medical history, and tinnitus-related experiences before and after receiving the COVID-19 vaccine. The survey consisted of several sections, including demographic data, vaccine details (type of vaccine, dosage, and booster information), medical history (including pre-existing conditions), audiological evaluations, and tinnitus characteristics that are self-reported. The survey included questions adapted from standardized instruments, such as the Tinnitus Handicap Inventory (THI) and the Tinnitus Reaction Questionnaire (TRQ), to assess tinnitus severity. Respondents were asked to rate their tinnitus symptoms in terms of severity, pitch, loudness, and annoyance and to report changes in tinnitus before and after COVID-19 infection and vaccination.


2.1 Data collection

Data were collected through an online survey conducted at San José State University between December 2022 and July 2023. The Institutional Review Board (IRB) at San José State University approved the study to ensure compliance with ethical guidelines. Informed consent was obtained electronically from all participants, who were assured of their anonymity and confidentiality throughout the study. Participants were pre-screened based on their vaccination status and whether they experienced new or worsening tinnitus following vaccination.

The survey also included questions on the type of vaccine administered (Pfizer, Moderna, Johnson & Johnson), the number of doses/boosters received (here, a booster refers to a dose received after full vaccination), and any changes in tinnitus symptoms after each dose or booster. Additionally, participants provided information about pre-existing medical conditions, noise exposure history, and any attempted treatments for tinnitus. The data collected provided a comprehensive overview of tinnitus symptoms, including the onset or exacerbation of tinnitus post-vaccination and the potential role of pre-existing medical conditions.



2.2 Text mining and data analysis

Open-ended responses describing participants' tinnitus were analyzed using advanced text mining and topic modeling techniques. Text mining allows for processing large amounts of text to uncover notable patterns in word usage and linguistic structure (Das et al., 2016). Topic modeling, specifically Latent Dirichlet Allocation (LDA), was employed to extract recurring themes or word groupings from the data, functioning as a tool for semantic analysis (Liu et al., 2016). Following the approach outlined by Etu et al. (2023), the topic modeling process involved defining the number of topics, preprocessing the data (such as removing stop words), and iteratively refining the model to improve the coherence of the topics. To ensure the validity of the identified topics, we conducted internal consistency checks and sought feedback from audiology experts to confirm that the extracted themes were clinically relevant and aligned with professional insights. This approach allowed for the identification of recurring themes and patterns in the textual data, with key topics related to tinnitus characteristics emerging from the analysis. The textual responses were categorized into distinct topics, reflecting the diversity of tinnitus experiences, including descriptions of high-pitched ringing, buzzing, cricket-like sounds, and unilateral tinnitus.

Quantitative data were analyzed using pairwise correlation analyses to assess the relationships between age, gender, history of medical conditions, vaccine type, and tinnitus severity. Statistical significance was determined using Spearman correlation coefficients, with p-values indicating the strength of associations between variables. The analysis also examined whether specific vaccine types or doses were linked to changes in tinnitus severity and the impact of noise exposure on post-vaccine tinnitus symptoms.




3 Results

A total of 426 responses were collected through the survey, of which 46 respondents did not complete the survey, leaving 380 fully completed responses. After data cleaning, which involved removing four duplicate and four inaccurate responses, 372 responses were retained for analysis. The average age of participants was 54.7 years (SD = 14.4). The gender distribution included 187 females, 181 males, and four identifying as “Other.” In terms of ethnicity, 291 respondents identified as European American, 30 as Hispanic/Latino, six as Black/African American, six as American Indian/Alaskan Native, eight as Middle Eastern, 11 as South Asian, seven as East Asian, 11 as “Other,” and two did not respond. Of the 372 respondents, 48 reported having contracted COVID-19, with only one individual requiring hospitalization.

Figure 1 illustrates the geographical distribution of participants in the study, providing an overview of the specific regions and cities from which data were collected. The map highlights key clusters of participants across different areas, including major metropolitan cities such as San Francisco, Los Angeles, and New York, as well as more rural and suburban regions. This visualization offers insight into the diverse geographic locations of the respondents within the United States of America (USA), ensuring a comprehensive representation of the study's urban and rural populations. Additionally, 53 respondents indicated their location as outside the USA; while these locations are not displayed on the map, they were included in the overall data analysis.
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FIGURE 1
 Respondent location across the United States. Fifty-three responses were from other countries and are not shown on the map.



3.1 Vaccine distribution and tinnitus cases

The distribution of tinnitus cases across vaccine manufacturers shows that Pfizer had the highest number of reported cases (203 total, 161 U.S.), followed by Moderna (136 total, 131 U.S.), with Johnson & Johnson accounting for the fewest cases (33 total, 27 U.S.; Table 1). These differences could be because more Pfizer vaccines were distributed to the public than Moderna and Johnson & Johnson vaccines.


TABLE 1 Frequency and distribution of Tinnitus cases across vaccine manufacturers.
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3.2 Age, gender, and self-reported vaccine doses

Tinnitus cases were most prevalent in the older age groups, particularly among participants aged 51–64 and 65+, with the highest incidence seen in females in the 51–64 group (71 cases) and males in the 65+ group (56 cases; Table 2). Younger age groups (18–34 and 35–50) reported fewer cases overall, with a more balanced distribution between males and females (z = −0.87, p > 0.05).


TABLE 2 Gender difference across age groups.
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Table 3 shows the total number of doses of vaccines received by our survey respondents separated by age groups. A majority of the respondents received two doses, and many also took two boosters. These results indicate that the vaccines were generally well received by the survey respondents despite the vaccine-related tinnitus and tinnitus exacerbation.


TABLE 3 Total number of doses received by respondents in different age groups.
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3.3 Tinnitus survey case breakdown

Figure 2 illustrates the incidence of tinnitus symptoms (either onset or worsening) following COVID-19 vaccination among the 372 survey respondents. Of the 197 (53%) individuals with pre-existing tinnitus, 37 (19%) reported worsened symptoms after the first dose, 37 (19%) after the second dose, 41 (21%) after the first booster, and smaller percentages after subsequent boosters. A proportion test found no significant difference in the rates of worsened tinnitus between the first and second doses (z = 0, p > 0.05). Among the 175 individuals without prior tinnitus, onset was most frequently reported after the second dose (51 cases, 29.1%) and the first dose (47 cases, 26.9%), with no significant difference in onset rates between the two doses (z = −0.43, p > 0.05). A chi-square test confirmed a significant difference in the distribution of tinnitus cases across vaccination stages (χ2 = 74.10, p < 0.001). The difference in our results compared to the earlier report by Wang et al. (2024) may be due to variations in sample characteristics and population. In the previous study, data were collected from Facebook groups formed during the pandemic, where the severity of tinnitus-related issues and the motivation to join these support groups may have been higher. In contrast, the current dataset includes individuals from general platforms and tinnitus-specific groups, resulting in a more diverse representation.
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FIGURE 2
 Showing the survey response breakdown, tinnitus onset, and worsening following COVID-19 vaccination: this figure shows the distribution of tinnitus onset and worsening among 372 respondents after receiving COVID-19 vaccines. Of the 197 respondents with pre-existing tinnitus, a significant proportion experienced worsening symptoms after the first and second doses, while 175 respondents without prior tinnitus reported onset after the second dose. A chi-square test revealed a significant variation in tinnitus occurrence across vaccination stages (χ2 = 74.10, p < 0.001). The figure does not show responses for the third booster vaccination and respondents who did not report which dose they noticed a tinnitus change.


Among the 372 respondents, 120 reported tinnitus in both ears, 12 center of the ears, 29 left ear, 27 right, nine other, and the remaining 175 no response.



3.4 The onset latency of tinnitus following COVID-19 vaccination

In the 372 survey cases, 264 reported symptom (tinnitus or worsening of existing tinnitus) onset latency relative to the vaccination date. The majority of cases reported tinnitus onset within hours to a few days post-vaccination, 15.2% experienced tinnitus onset within 4 h of vaccination, 17% within 24 h, 25.8% between 1 and 7 days, 13.6% between 1 and 4 weeks, 4.5% after a month, 11% between 1 and 3 months, 6.1% between 3 and 6 months, and 6.8% more than 6 months after vaccination. When comparing mRNA vaccines (Pfizer and Moderna, n = 239) to non-mRNA vaccines (Johnson & Johnson, n = 25), there was no significant difference in the timing of tinnitus onset Mann Whitney test, U = 2925, p = 0.864), results consistent with the previously reported data (Wang et al., 2024).



3.5 Correlation between age, gender, total history of disorders

A pairwise correlation analysis revealed a significant positive correlation between age and history of disorders (r = 0.44, p < 0.05), indicating that older individuals reported more medical conditions than younger individuals. However, no significant correlations were found between age and gender (r = 0.04, p > 0.05) or between gender and history of disorders (r = 0.04, p > 0.05), suggesting that gender does not play a significant role in the history of medical conditions in this dataset.



3.6 Correlation between age, gender, history of disorders, and post-vaccine increase in tinnitus severity

Many survey respondents reported several neurological, psychiatric, and other pre-existing medical conditions, including tinnitus. We asked the respondents to rate the change in tinnitus severity following COVID-19 vaccination on a scale of 0–10. A pairwise correlation analysis on some common medical conditions, respondent demographics, and tinnitus severity revealed that the reported tinnitus severity scores were not significantly correlated with any respondent's pre-existing medical condition and demographic (Figure 3). Age was significantly correlated with hearing loss (r = 0.35, p < 0.01), head trauma (r = 0.14, p < 0.001), neurological disorder (r = 0.11, p = 0.03), cancer (r = 0.21, p < 0.001), cardiovascular disease (r = 0.25, p < 0.001), osteoporosis (r = 0.24, p < 0.001), and hypertension (r = 0.26, p < 0.001). These results are consistent with our previous study (Wang et al., 2024). Gender was negatively correlated with osteoporosis (r = −0.20, p < 0.001), indicating that females in the study were more likely to report osteoporosis, reflecting known gender-related risks for this condition.
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FIGURE 3
 Spearman correlation between age, pre-existing medical conditions, and post-vaccine increase in tinnitus severities. The number of respondents reporting each medical condition is on the left axis. The variable “other” is a group of single reported disorders. Single (*) and double (**) asterisks indicate p < 0.05 and p < 0.01, respectively.




3.7 Respondents with pre-COVID-19 vaccination tinnitus: correlation between age, gender, history of disorders, and increase in tinnitus severity

In the survey, 197 respondents reported pre-vaccination tinnitus. In this subpopulation (Figure 4), age was significantly correlated with several health conditions, including hearing loss (r = 0.31, p < 0.01), cancer (r = 0.23, p < 0.001), cardiovascular disease (r = 0.23, p < 0.001), osteoporosis (r = 0.16, p < 0.05), and hypertension (r = 0.23, p < 0.001). These correlations suggest that older respondents were more likely to have these health conditions, consistent with age-related health risks. Gender was negatively correlated with osteoporosis (r = −0.20, p < 0.001), indicating that females in the study were more likely to report osteoporosis, reflecting known gender-related risks for this condition. In this subpopulation, post-vaccination increases in tinnitus severity was not correlated with age or history of the surveyed disorders.
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FIGURE 4
 Spearman correlation between age, pre-existing medical conditions, and increases in tinnitus severity in respondents with pre-vaccination tinnitus. The number of respondents reporting each medical condition is on the left axis. The variable “other” is a group of single reported disorders. Single (*) and double (**) asterisks indicate p < 0.05 and p < 0.01, respectively.




3.8 Respondents with post-COVID-19 vaccination tinnitus: correlation between age, gender, history of disorders, and increase in tinnitus severity

Among the respondents, 342 reported post-vaccination tinnitus. In this subpopulation (Figure 5), significant correlations emerged between tinnitus severity and certain pre-existing conditions. Age showed a significant negative correlation with increases in tinnitus severity (r = −0.15, p < 0.01), indicating that older individuals reported less severe tinnitus post-vaccination. This finding suggests that older individuals with tinnitus may be more accustomed to or less affected by symptom severity or that younger individuals might be more sensitive to changes in tinnitus severity post-vaccination. Interestingly, negative correlations were observed between increases in tinnitus severity and specific conditions, including ear infections (r = −0.11, p < 0.05), head trauma (r = −0.12, p < 0.05), autoimmune disease (r = −0.11, p < 0.05), and hypertension (r = −0.11, p < 0.01).
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FIGURE 5
 Spearman correlation between age, pre-existing medical conditions, and increases in tinnitus severity in respondents who reported post-vaccination tinnitus. The number of respondents reporting each medical condition is on the left axis. The variable “other” is a group of single reported disorders. Single (*) and double (**) asterisks indicate p < 0.05 and p < 0.01, respectively.




3.9 Pre-existing metabolic disorders on vaccination-related tinnitus

To further understand the influence of pre-existing disorders on tinnitus, we compared tinnitus loudness before and after COVID-19 vaccination between respondents with and without diabetes, hypertension and obesity (Figure 6). The increase in tinnitus severity following COVID-19 vaccination was significantly worse in respondents with diabetes (t = 3.78, p = 0.0034) than in those without the disorder. In addition, compare to respondents without hypertension, those with hypertension had more severity pre-vaccination tinnitus (t = 1.66, p = 0.0022) but not post-vaccination tinnitus. The difference between post- vs. pre-vaccination tinnitus was less in hypertensive respondents than the rest, but the difference was not statistically significant. Similarly, respondents with obesity tended to have more severe pre-existing tinnitus and less increases in tinnitus severity following COVID-19 vaccination (not statistically significant). These results indicate that certain metabolic disorders might lead to worse pre-existing or post-COVID-19 vaccination tinnitus. Furthermore, the negative correlations between post-vaccination increases in tinnitus severity and certain disorders (ear infection, head trauma and autoimmune diseases) seen in Figure 5 were likely due to worse pre-existing tinnitus, rather than protection against vaccination-related tinnitus.
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FIGURE 6
 Effects of diabetes, hypertension and obesity on tinnitus severity/loudness before and after COVID-19 vaccination. Pre: reported tinnitus loudness before COVID-19 vaccination; Post: reported tinnitus loudness after COVID-19 vaccination; Diff: reported increase in tinnitus severity following COVID-19 vaccination. Double (**) asterisks indicate p < 0.01.




3.10 Among the respondents loud noise experience vs. increase in tinnitus severity post-COVID-19 vaccination

A majority of the respondents had rarely (20.5% never and 66.4% not very often) been exposed to very loud noise. Only 5.4% of respondents experienced loud noise weekly. The loud noise experience was not significantly correlated with changes in tinnitus severity following COVID vaccination (r = −0.03, p = 0.62). These results suggest that while tinnitus severity varies widely post-vaccination, noise exposure is not a key factor influencing symptom changes following COVID-19 vaccination.



3.11 Text mining analysis of tinnitus descriptions

The survey respondents provided detailed descriptions of their tinnitus experiences, which were analyzed using text-mining techniques to identify key themes. Four distinct topics emerged, each offering insight into how tinnitus manifests among individuals.


3.11.1 Topic 1: high-pitched and constant tinnitus

This topic centers on persistent, high-pitched sounds such as ringing, buzzing, or hissing, which many respondents reported as a dominant characteristic of their tinnitus. The impact of these constant sounds is significant, affecting daily activities and quality of life. The variability in sound type reflects the individualized nature of tinnitus. Some respondents expressed concern that their symptoms may have been influenced by COVID-19 vaccination, highlighting the need for further research into potential vaccine-related triggers. Below are selected excerpts from the textual responses that closely align with the key topics identified in the analysis:

Excerpt 1: “Constant ringing in both ears at a very high pitch. It's so loud I sometimes can't hear over it.”

Excerpt 2: “High pitch whine that changes volume as if turning up a radio.”



3.11.2 Topic 2: constant and loud tinnitus

Many respondents described their tinnitus as constant and loud, often accompanied by a hissing sound. A notable portion of these individuals associated their symptoms with receiving the Pfizer and Moderna vaccine, suggesting a perceived link between the vaccine and tinnitus onset or worsening. The combination of constant high-pitched sounds and their perceived connection to vaccination indicates a particularly severe form of tinnitus, which warrants further investigation into potential causes and exacerbations. Additionally, many respondents reported changes in auditory speech perception (Yellamsetty et al. in preparation),1 particularly in noisy environments, with a noticeable worsening of sound tolerance. Issues such as difficulties tolerating loud sounds and hearing challenges were commonly noted. Below are selected excerpts from the textual responses that closely align with the key topics identified in the analysis:

Excerpt 3: “The vaccine induced a very high pitch tinnitus in both ears that is much higher in pitch and louder than my previous tinnitus and constant I was dealing with.”

Excerpt 4: “Constant high-pitched buzzing in my left ear. After Covid vax, I now have buzzing in right ear as well, although at a lower volume and slightly lower pitch.”



3.11.3 Topic 3: unilateral tinnitus with variability

This topic focuses on loud tinnitus primarily affecting one ear, often accompanied by additional symptoms such as ear pain or pulsations. The unilateral nature, combined with the variability in sound intensity and pitch, suggests a more complex form of tinnitus. The presence of accompanying symptoms indicates a need for further clinical investigation, as this type of tinnitus may be related to underlying conditions. The physical and emotional toll on those affected is significant, profoundly disrupting their wellbeing and daily life. Below are selected excerpts from the textual responses that closely align with the key topics identified in the analysis:

Excerpt 5: “Left ear I hear my heart beating, right ear is a hissing and ringing sound.”

Excerpt 6: “100% of the time LOUD ringing in right ear. Left ear hum/ringing comes and goes. Top of the head ringing fluctuates between unbearably loud and bearable.”



3.11.4 Topic 4: cricket-like and buzzing tinnitus

A unique form of tinnitus was described by respondents as resembling the sound of crickets or other insect-like noises, often accompanied by buzzing or hissing. Many reported this type of tinnitus as constant, though some noted fluctuations in intensity or the presence of other auditory symptoms. The distinctive nature of these sounds suggests that this form of tinnitus is particularly disruptive, affecting hearing and the overall perception of sound in daily life. Below are selected excerpts from the textual responses that closely align with the key topics identified in the analysis:

Excerpt 7: “It sounds like crickets or an alarm that is in the distance. It gets louder at night and is constant all day from when I wake up to bedtime.”

Excerpt 8: “Reactive tinnitus that fluctuates regularly, especially to loud sounds. Dominant tone is crickets in mid-range but can move into higher ranges. Also hear other tones off and on, like buzzing and clicking.”

The diverse descriptions of tinnitus reflect the complexity of the condition, with symptoms ranging from high-pitched ringing to more unique sounds like crickets. The perceived link between tinnitus and the Moderna vaccine among some respondents points to the need for further research into vaccine-related auditory symptoms. Additionally, the presence of unilateral tinnitus and other symptoms, such as ear pain, underscores the importance of investigating potential underlying conditions in affected individuals.




3.12 Change in tinnitus characteristics

Tinnitus characteristics were assessed using self-reported ratings for loudness, pitch, and anxiety on a 0 to 10 scale, where 0 represented “very soft/low” and 10 represented “very loud/high.” Before the COVID-19 vaccination, 56 respondents (29.8%) reported unilateral tinnitus (left or right ear), 120 (63.8%) reported bilateral tinnitus (both ears), and 12 (6.4%) experienced tinnitus in the center of the head.

For those with pre-existing tinnitus (Figure 7), the mean loudness rating increased significantly from 4.83 before vaccination to 6.68 after vaccination (t = −7.96, p < 0.05). Tinnitus pitch also increased from a mean of 6.88 to 7.67 post-vaccination (t = −3.66, p < 0.05). While there was no significant correlation between loudness and pitch (r = 0.06, p > 0.05), participants rated these characteristics differently (t = −9.39, p < 0.05). Anxiety related to tinnitus also rose significantly, from a mean of 3.91 before vaccination to 5.49 afterward (t = −4.94, p < 0.05). For individuals with new-onset tinnitus post-vaccination (Figure 7), the mean severity rating was 6.07. Loudness ratings were higher, with a mean of 7.18, and pitch increased to 7.83. Anxiety levels also rose, with a mean rating of 7.74, and many respondents reported significant interference with hearing and speech comprehension in various settings.
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FIGURE 7
 Comparison of tinnitus (loudness, pitch, and anxiety) before and after COVID-19 vaccination for individuals with pre-existing and new-onset tinnitus. Rated on a 0 to 10 Scale, where 0 represents “very soft/low” and 10 represents “very loud/high”.


These findings suggest that tinnitus worsened in terms of loudness, pitch, and anxiety after vaccination, with moderate effects on sound tolerance. This worsening highlights the need for further research on the auditory effects of COVID-19 vaccination, particularly for those with pre-existing tinnitus.




4 General discussion

This study sought to explore the prevalence, characteristics, and potential triggers of tinnitus among individuals who received COVID-19 vaccinations, with particular attention to how pre-existing medical conditions and demographics might influence tinnitus severity. The findings from the survey, supported by text mining analysis, reveal key trends and correlations that contribute to a deeper understanding of how tinnitus manifests in the context of COVID-19 vaccination.


4.1 Potential mechanisms of COVID-19 vaccination-related tinnitus

The mechanisms by which COVID-19 vaccination increases the risk of tinnitus are unknown. The rapid onset of tinnitus following COVID-19 vaccination suggest that the tinnitus is not caused by vaccine-induced responses, which develops gradually over many days after immunization. Instead, it was mediated by a direct pathway. Spike proteins can disrupt the blood-brain barrier (DeOre et al., 2021; Petrovszki et al., 2022; Rhea et al., 2021; Zhang et al., 2021), induce microglial activation/neuroinflammation (Albornoz et al., 2023; Frank et al., 2022) and neuronal death (Oh et al., 2022). It may also cause aggregation of β-amyloid proteins, prions, α-synuclein and tau, potentially leading to neurodegeneration (Chakrabarti et al., 2022; Idrees and Kumar, 2021; Tavassoly et al., 2020). It is unclear whether COVID-19 vaccines, modified forms of the spike protein, can cause similar neurological damages, leading to tinnitus and other neurological symptoms. COVID-19 vaccines may also cause endothelial dysfunction and vascular inflammation (Cernera et al., 2024; Terentes-Printzios et al., 2022; Yoshimoto et al., 2023; Ariyoshi et al., 2023), which could disrupt blood-brain barrier and other brain function, and possibly lead to tinnitus and other mental health issues (Yang et al., 2013).



4.2 Tinnitus and vaccine types/onset of tinnitus

One of the main findings of this study is the significant distribution of tinnitus cases among different COVID-19 vaccine manufacturers, with Pfizer being the most frequently associated with tinnitus, followed by Moderna and Johnson & Johnson. Although the exact cause of this difference remains unclear, the higher incidence of tinnitus in Pfizer and Moderna vaccine recipients may warrant further investigation into the specific immune or inflammatory responses triggered by these vaccines. The perceived link between tinnitus onset and the vaccines, particularly the Moderna vaccine, as seen in Topic 2 of the text mining analysis, underscores the need for longitudinal studies to determine causal relationships.



4.3 Demographic and pre-existing conditions correlations

The results also highlight how demographic factors, such as age and gender, correlate with tinnitus severity and the history of medical conditions. The significant positive correlation between age and the history of disorders (r = 0.44, p < 0.05) aligns with existing literature that associates increasing age with the accumulation of chronic conditions, including hearing loss, diabetes mellitus (Samocha-Bonet et al., 2021), and cardiovascular diseases (Tan et al., 2018), which are known risk factors for tinnitus (Baracca et al., 2011; Gaspar et al., 2011; Stegeman et al., 2021). However, the lack of a statistically significant correlation between gender, age, and history of disorders suggests that gender does not play a major role in determining the severity or occurrence of tinnitus in this sample. This outcome could be influenced by several factors, including sample size, the distribution of gender across age groups, or potential variations in reporting patterns between genders.

In the post-vaccination phase, tinnitus severity was not significantly correlated with any specific pre-existing medical condition or demographic factor, except for age and certain conditions like hearing loss and hypertension (Wang et al., 2024). This finding aligns with prior research indicating that older adults and those with cardiovascular diseases or hypertension are more susceptible to tinnitus, as these conditions can affect blood flow and nerve function in the auditory system (Gaspar et al., 2011; Tan et al., 2018). Interestingly, the correlation between age and pre-existing conditions such as cancer, cardiovascular disease, and osteoporosis before vaccination remained consistent post-vaccination, suggesting that age-related health factors might continue to influence tinnitus in vaccinated individuals.



4.4 Change in tinnitus and auditory perception

The findings of this study provide critical insights into the relationship between COVID-19 vaccination and tinnitus, particularly in individuals with pre-existing tinnitus and those who developed tinnitus post-vaccination. For individuals with pre-existing tinnitus, there was a notable increase in loudness, pitch, and anxiety after vaccination, suggesting that the vaccine may exacerbate these symptoms (Fioretti et al., 2022). The significant rise in anxiety post-vaccination also points to the emotional toll that worsening tinnitus can have, emphasizing the need for psychological and medical support for affected individuals (Yellamsetty, 2023). In the case of new-onset tinnitus, the severity of symptoms—such as high levels of loudness, pitch, and anxiety—suggests that this group experiences a more intense form of tinnitus (Yellamsetty and Shin, in preparation).2 Furthermore, many respondents self-reported changes in speech understanding, particularly in noisy environments (Yellamsetty et al. in preparation, see text footnote 1), along with a worsening of sound tolerance. Commonly reported issues included difficulty tolerating loud sounds and challenges with hearing. These effects may be related to immune responses or inflammation triggered by the vaccine, underscoring the need for further investigation into the underlying causes of vaccine-related tinnitus.

Additionally, there was no significant difference in symptom onset between mRNA and non-mRNA vaccines, indicating that other factors, such as individual health conditions or stress, may play a more significant role in tinnitus onset. Respondents also reported increased difficulty with speech perception and sound tolerance, showing how the condition affects daily functioning. The rise in anxiety levels further underscores the need for healthcare providers to be aware of the psychological impact of tinnitus and to provide appropriate interventions, such as counseling or therapy.



4.5 Noise exposure and tinnitus severity

The analysis of noise exposure, both pre- and post-vaccination, revealed no statistically significant correlation between noise exposure and tinnitus severity. However, it is noteworthy that many respondents, particularly post-vaccination, reported varying degrees of tinnitus severity, ranging from mild to extremely severe. This finding suggests that while loud noise is a recognized risk factor for tinnitus (Bauer et al., 2016; Bhatt et al., 2016), its interaction with post-vaccine tinnitus may not be straightforward or require more detailed exposure metrics to fully understand its role. Additionally, the subjective nature of tinnitus and individual variability in noise exposure may have contributed to the lack of clear correlations in this area.



4.6 Text mining insights: describing tinnitus experiences

The text mining analysis revealed four types of tinnitus experiences, highlighting the diversity of symptoms among respondents. Descriptions ranged from high-pitched, constant ringing and hissing (Topic 1) to cricket-like buzzing sounds (Topic 4), reflecting the wide range of auditory experiences reported. Notably, many respondents experiencing loud, constant tinnitus (Topic 2) associated the onset or worsening of symptoms with the Moderna vaccine, emphasizing the need for further research into potential auditory side effects of vaccines.

The variability in tinnitus sounds, including unilateral tinnitus (Topic 3), suggests different underlying causes, such as cochlear damage or central nervous system involvement, which have been supported by previous research (Cederroth et al., 2019; Henry et al., 2014). The cricket-like and fluctuating tinnitus (Topic 4) aligns with existing studies showing that tinnitus can manifest in diverse forms, potentially influenced by physiological and psychological factors (Henry et al., 2014). These findings reinforce the complexity of tinnitus and the importance of individualized approaches to understanding and treating the condition.



4.7 Clinical implications and future research

These findings have several clinical implications. First, the variability in tinnitus severity and type underscores the importance of personalized approaches to tinnitus management. Audiologists and healthcare providers should consider the wide range of factors influencing tinnitus, from vaccine type to pre-existing medical conditions, when assessing and treating patients. Additionally, the potential link between COVID-19 vaccines and tinnitus, particularly with specific vaccines, warrants further investigation through controlled studies to better understand the mechanisms behind this phenomenon.

Moreover, the significant associations between age and certain pre-existing conditions, both before and after vaccination, highlight the need for ongoing monitoring of older adults and those with chronic health issues, as these populations may be at greater risk for developing or worsening tinnitus following vaccination.

In conclusion, while this study provides important insights into the relationship between COVID-19 vaccines, demographics, pre-existing conditions, and tinnitus severity, further research is needed to establish clearer causal pathways and to explore potential treatment options for those experiencing post-vaccine tinnitus.




5 Limitation

One limitation of this study is its reliance on self-reported data, which may introduce recall bias and affect the accuracy of the participants' responses regarding their tinnitus symptoms before and after COVID-19 vaccination. Additionally, the sample size, while sufficient for identifying trends, may not be large or diverse enough to fully represent the general population, particularly regarding specific subgroups such as those with varying underlying health conditions or different vaccination types. The study also lacks long-term follow-up data, limiting the ability to assess the persistence or progression of tinnitus symptoms over time. Finally, without objective audiological assessments, the findings are based solely on subjective experiences, which may vary between individuals and complicate the generalizability of the results.



6 Conclusion

This study provides valuable insights into the relationship between COVID-19 vaccinations, tinnitus, and various demographic and medical factors. The findings reveal that tinnitus symptoms, both onset and worsening, are commonly reported after receiving the Pfizer and Moderna vaccines, with a small subset of respondents linking their tinnitus to the vaccines themselves. Additionally, correlations between age, pre-existing medical conditions, and tinnitus severity emphasize this condition's complex and multifaceted nature. While no significant correlation was found between noise exposure and tinnitus severity, the variability in tinnitus descriptions, from high-pitched ringing to cricket-like sounds, highlights the individualized experience of those affected. These results underscore the importance of personalized approaches to tinnitus management and the need for further research to explore potential triggers, including vaccines, and to establish clearer mechanisms underlying the condition. Understanding these nuances will be critical in developing more effective treatment strategies for those suffering from tinnitus in pre- and post-vaccine contexts.
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Footnotes

1Yellamsetty, A., Etu, E. E., Fortuna, G., Bao, S. (in preparation). Tinnitus and COVID-19: Impacts on Hearing and Speech Perception.

2Yellamsetty, A., and Shin, M. (in preparation). Psychological Effects of COVID-19 and Tinnitus Perception.
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