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Introduction: The COVID-19 pandemic, which began worldwide around 
March 2020, has had an impact on hearing health, specifically tinnitus and 
hearing loss. Physiologically, COVID-19 infection, or medication used to treat 
the infection, has been reported to be a potential risk factor for tinnitus onset. 
In addition, tinnitus was reported to be  a long COVID symptom or to occur 
after a COVID-19 vaccination in some cases. With most reports focused on the 
clinical population, this study aimed to investigate how the onset of tinnitus is 
associated with COVID-19 infection, long COVID, and COVID-19 vaccination in 
the general population based on self-report, while accounting for otologic and 
psychological symptoms.

Methods: In this study, a cross-sectional online survey that included general 
demographic questions, questions about tinnitus, hearing loss, hyperacusis, 
emotional status, and the Tinnitus Functional Index (TFI) was conducted.

Results: Completed survey data of 1,511 respondents who reported having 
tinnitus or believed to have COVID-associated tinnitus were included in 
the analysis. Participants were categorized into four groups based on their 
judgment regarding the etiology of their tinnitus: (1) COVID infection group, (2) 
long COVID group, (3) COVID vaccination group, and (4) pre-existing tinnitus 
group. The results suggest that tinnitus severity (estimated using TFI scores) was 
significantly lower in the pre-existing tinnitus group than in any of the COVID-
associated tinnitus groups. While varying factors were found to contribute to 
tinnitus severity among the COVID-associated groups, overall, depression and/
or anxiety accounted for the most variance in predicting tinnitus severity.

Discussion: The findings highlight the need to evaluate the impact of varying 
otologic and psychological symptoms in individuals with COVID-associated 
tinnitus for better patient-centered care.
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1 Introduction

Since the COVID-19 pandemic began in early 2020, there have been reports of its impact 
on hearing health, particularly on the onset of tinnitus and/or hearing loss (1–3). These reports 
were initially case studies (e.g., (4, 5)) and later retrospective analyses of hospital data (e.g., (6, 
7)). In these studies, otologic manifestations such as hearing loss, tinnitus, and vertigo were 
frequently reported during or after COVID-19 infection. There have also been reports 
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suggesting that individuals who had tinnitus onset after COVID-19 
infection showed similar tinnitus characteristics as those who had 
pre-existing tinnitus (e.g., (8)). The prevalence of tinnitus onset in 
COVID-19-infected individuals based on reviews of medical records 
displayed variability, ranging from 1.2 to 23.2% (3, 7, 9–11). These 
studies typically reported severe cases of COVID-19 infection; it was 
unclear often, if the sudden onset of hearing loss or tinnitus was due 
to the infection or the medications used to treat the infection (3, 8).

As the first wave of COVID-19 infection waned, a medical 
condition known as long COVID began to gain attention. This 
condition is characterized by patients who have recovered from the 
acute phases of the disease but failed to fully regain their prior levels 
of health and well-being, with symptoms that cannot be explained by 
other diagnoses persisting for at least 2 months (12). Initial 
investigations examining the association between COVID-19 and 
tinnitus onset did not account for this aspect. However, subsequent 
research revealed tinnitus as a probable symptom among individuals 
with long COVID (13–16). Nonetheless, available studies in this 
domain are limited and often display biases, relying primarily on 
observational designs within a confined number of countries. Thus, 
there is a need for a comprehensive global study to explore the 
intricate relationship between long COVID and its potential link 
to tinnitus.

The pandemic triggered intense global research efforts toward 
developing a vaccine against the disease. With the advent of the widely 
available messenger ribonucleic acid (mRNA) vaccines (e.g., Pfizer-
BioNTech and Moderna) and the viral vector vaccines (e.g., 
AstraZeneca and Janssen), immediate side effects such as pain in the 
injection site, fever, fatigue, myalgia, and headache were commonly 
reported (17–20). However, later throughout the world, otologic 
symptoms such as sudden sensorineural hearing loss (SSNHL) and 
tinnitus began to be  reported as adverse events following 
immunization (21). As a result, the Medicines and Healthcare 
products Regulatory Agency (MHRA) in the United Kingdom and the 
Vaccine Adverse Event Reporting System (VAERS) in the United States 
became popular sources for researchers to understand the recorded 
instances of tinnitus or SSNHL among recipients of COVID-19 
vaccines, although these sources do not contain details of co-occurring 
otologic or psychological symptoms (22, 23). Additionally, reports 
from otologic clinics suggested an increasing number of visits due to 
complaints of otologic symptoms, with approximately 1.0–6.2% of 
patients reporting tinnitus after receiving COVID-19 vaccination (18, 
24, 25). As vaccines became increasingly available and individuals 
who had recovered from COVID-19 infection also received 
vaccination, discerning the origin of symptoms like tinnitus became 
challenging (i.e., whether they were a result of the initial COVID-19 
infection or the subsequent vaccination for it).

Apart from physiological changes due to the infection, 
vaccination, or medications used, many individuals have also reported 
increased experiences of social isolation, economic challenges, sleep 
disturbances, and psychological conditions such as depression and 
anxiety during the COVID-19 pandemic (26, 27). Such factors further 
contributed to tinnitus being more bothersome during the pandemic 
(26, 28, 29). While there is evidence suggesting worsened tinnitus 
during the pandemic, contrasting findings that suggested no 
significant changes in tinnitus before and after the pandemic in 
individuals with pre-existing tinnitus have also emerged (30, 31). 
Thus, there remains a need to understand the impact of the pandemic 

on pre-existing tinnitus, the onset of tinnitus, as well as the 
psychological sequelae.

Given the paucity of data on the impact of acute COVID-19 
infection, long COVID, and COVID vaccination on tinnitus in the 
general population, we conducted an online survey targeting adults 
with tinnitus or who believed that their tinnitus was associated with 
COVID. Apart from asking about respondents’ tinnitus status and 
severity, we  included a comprehensive set of questions regarding 
respondents’ physical and mental health. The aims of the study were 
(1) to investigate the prevalence of tinnitus believed to develop after 
COVID-19 infection, long COVID, or COVID vaccination 
(collectively termed as COVID-associated tinnitus throughout this 
paper), (2) to understand how otologic or psychological symptoms are 
linked with COVID-associated tinnitus or changes of tinnitus severity 
in pre-existing tinnitus, and (3) to investigate the difference in tinnitus 
severity among COVID-associated tinnitus, and how otologic or 
psychological symptoms affect tinnitus severity in COVID-associated 
tinnitus and pre-existing tinnitus.

2 Materials and methods

An online survey was conducted using the Qualtrics online 
software (Qualtrics Labs Inc., Provo, Utah, USA) between October 19, 
2022, and August 29, 2023, under the University of Illinois Urbana-
Champaign Institutional Review Board protocol number 23379. The 
link to the online survey was distributed through various channels 
that included e-mails, social media platforms, and charitable 
foundations associated with local, national, and international tinnitus 
support groups. Supplementary Table S1 provides an overview of the 
channels through which the survey was disseminated.

2.1 Participants

Adults above the age of 18 years who either had pre-existing 
tinnitus before the COVID-19 pandemic or had experienced tinnitus 
with an onset associated with COVID infection, long COVID, or 
COVID vaccination (even if their tinnitus had resolved by the time of 
filling out the survey) were eligible to take part in the study. Before the 
respondents began the survey, they were required to provide online 
informed consent. This consent process involved detailed descriptions 
of the study and sample questions related to the survey. All data 
collected during the study was anonymized, with no identifiable 
information being gathered from the respondents. Additionally, the 
geo-tracking feature of Qualtrics was disabled to protect participants’ 
privacy.

2.2 Measures

The survey questions were modified from online surveys used in 
previous studies in the authors’ lab (32, 33). During the development 
stage, a draft of the survey questions was reviewed by the authors, as 
well as several health professionals and researchers with tinnitus. The 
final survey consisted of 53 questions and the Tinnitus Functional 
Index (TFI: (34)) that required approximately 10–20 min to complete. 
The 53 questions included both closed-ended and open-ended 
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formats, which were grouped with the TFI questions under four 
sections: (1) general demographic questions, (2) tinnitus-related 
questions, (3) hearing loss-related questions, and (4) comorbidities-
related questions.

2.2.1 General demographic questions
Questions in this section elicited information regarding age, 

gender, country of residence, and race/ethnicity. Individuals residing 
in China at the time of the survey were excluded, to comply with 
governmental restrictions within China. To ensure compliance with 
this exclusion, respondents were required to check a box confirming 
that they were not currently residing in China before they could begin 
the survey.

2.2.2 Tinnitus-related questions
In this section, participants were first asked if they currently have 

tinnitus, with the answers being either “Yes” or “No, but I had tinnitus 
after having COVID infection, long COVID, or vaccination for 
COVID.” Participants who were currently experiencing tinnitus were 
asked to provide additional details regarding its duration, laterality, 
and the type of sound (ringing, buzzing, etc.). Tinnitus-related distress 
was measured using a rating scale for tinnitus annoyance and 
loudness. Participants rated the loudness of their tinnitus on a scale 
from 0 (very faint) to 10 (very loud), and tinnitus annoyance from 0 
(not at all annoying) to 10 (extremely annoying). Additionally, the 
TFI, which comprises 25 questions across eight subsections (intrusive, 
sense of control, cognitive, sleep, auditory, relaxation, quality of life, 
and emotional), was utilized to evaluate the severity of respondents’ 
tinnitus.

Participants were also asked if their tinnitus onset was COVID-
associated or was pre-existing before the pandemic. Based on their 
responses, they were categorized into four groups: (1) COVID 
infection group, (2) long COVID group, (3) COVID vaccination 
group, and (4) pre-existing tinnitus group. Respondents in COVID 
infection and long COVID groups were further asked about when 
they first noticed tinnitus symptoms, COVID test results, consultations 
with healthcare providers, treatments received, and the effectiveness 
of treatments for tinnitus. Those in the COVID vaccination group 
were asked about the onset of tinnitus symptoms after receiving 
vaccination, brand of vaccine, consultations with healthcare providers, 
treatments, and the effectiveness of treatments for tinnitus. 
Pre-existing tinnitus group respondents were asked about changes in 
their tinnitus during the pandemic, attributions for these changes, 
duration of changes, treatments sought, and the effectiveness of 
treatments for tinnitus. The follow-up questions for each group were 
meant to inform future thematic analysis; they were not used for 
data exclusion.

2.2.3 Hearing loss-related questions
All participants were asked about the presence of hearing loss. If 

they indicated having hearing loss, follow-up questions about 
laterality, degree, duration, and the cause of their hearing loss were 
posed to gather more details. If participants attributed their hearing 
loss to COVID vaccination, additional follow-up questions were 
asked. These questions covered the specific brand of vaccine received 
and the onset of the hearing loss after vaccination.

2.2.4 Comorbidities-related questions
All participants were asked specific questions related to hyperacusis, 

depression, and anxiety, as these are common co-morbidities with 
tinnitus. Hyperacusis status was determined if a participant selected the 
answer “Hypersensitivity to sounds (hyperacusis)” when answering the 
question “Which of the following do you  currently experience?” 
Depression and anxiety were assessed using the Patient Health 
Questionnaire-4 (PHQ-4: (35)) depression and anxiety screener. The 
PHQ-4 consists of a two-item question for each condition, and 
participants scored each item from 0 to 3. The total sum scores for each 
condition range from 0 to 6. If a participant’s total sum score was 
greater than 2 for either the depression or anxiety sections, they were 
categorized as having depression or anxiety, respectively.

2.3 Statistical analysis

The survey data were analyzed using the R statistics software 
(version 4.2.1). Descriptive statistics, including the frequency and 
percentage of respondents’ demographic information were summarized 
in Table 1. Using data from questions that all respondents answered, 
various factors (including age, gender, hearing loss, hyperacusis, 
depression, and anxiety) were used for statistical analyses. To examine 
the difference in the aforementioned factors among groups, Chi-square 
tests followed by post-hoc pairwise proportion tests with Bonferroni 
correction were conducted for all factors, except for age. After checking 
the normality of age in each group using the Shapiro–Wilk test, 
Kruskal-Wallis rank sum test and post-hoc Dunn’s tests with Bonferroni 
correction for non-parametric data were used for age comparisons.

To identify factors associated with increased risk of experiencing 
COVID-associated tinnitus, age- and gender-adjusted odds ratios (ORs) 
with 95% confidence intervals (CIs) were obtained using multivariate 
logistic regression. Similarly, in individuals with pre-existing tinnitus, 
age- and gender-adjusted ORs and 95% CIs were calculated using 
multivariate logistic regression to explore factors associated with 
increased risk of experiencing changes in tinnitus (tinnitus gets worse 
or better) after COVID infection, long COVID, or COVID vaccination.

To examine the difference in tinnitus severity (based on the TFI 
score) among the four groups, the Kruskal-Wallis rank sum test was 
used after confirming that the TFI scores were not normally 
distributed (p < 0.05 from the Shapiro–Wilk test of normality), 
followed by post-hoc Dunn’s tests with Bonferroni correction for 
multiple comparisons. Multiple linear regressions were then used to 
identify factors that significantly predict TFI scores in each group. 
Additionally, outliers and influential observations were examined, and 
sensitivity analyses were conducted to evaluate the robustness of the 
multiple linear regression models. All predictor variables included in 
the multivariate logistic regression and multiple linear regression 
models were dichotomous (e.g., male or female, having depression or 
not), except for age. The significance level was set at p < 0.05 for all 
statistical analyses.

Since this study focused on quantitative analyses using questions 
that most participants answered, details about individual respondents’ 
answers to open-ended questions or questions that provided an option 
for respondents to input their own answers (e.g., treatments tried) will 
be reported and analyzed in a different study using thematic analyses.

https://doi.org/10.3389/fpubh.2024.1508607
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Tai et al. 10.3389/fpubh.2024.1508607

Frontiers in Public Health 04 frontiersin.org

3 Results

3.1 Demographics

Table  1 shows the demographic data of the respondents who 
completed the survey. One thousand five hundred and eleven 
completed surveys were included in the data analysis. Most 
respondents were from the United  States (73.26%), Caucasian 
(75.18%), and aged 41–55 years (29.32%) or 56–70 years (39.44%). 
Gender distribution was similar between males and females 
(around 50%).

3.1.1 Group demographics and characteristics
Table  2 shows the demographics and characteristics among 

groups. Of the 1,511 respondents, 134 (8.87%), 136 (9%), 562 
(37.19%), and 679 (44.94%) reported having tinnitus associated with 
COVID infection, long COVID, COVID vaccination, and unrelated 
to COVID (pre-existing tinnitus), respectively. Of those who reported 
COVID-associated tinnitus, eight respondents in the COVID 
infection group, five respondents in the long COVID group, and 39 
respondents in the COVID vaccination group reported that they no 
longer had tinnitus, with the recovery rate ranging from 3.68 to 6.94%. 
The results of the Kruskal-Wallis test suggested a significant difference 
in median age among the groups (H(3) = 166.9, p < 0.001). Post-hoc 
Dunn’s tests with Bonferroni correction for multiple comparisons 
suggested that the pre-existing tinnitus group was significantly older 
in median age than any of the COVID-associated tinnitus groups. 
Among the four groups, the pre-existing tinnitus group had the 
highest proportion of male respondents (55.82%) and respondents 
who reported hearing loss (64.65%) but had the lowest rate of 
respondents who reported depression (18.7%) and anxiety (17.38%). 
The long COVID group had the highest rate of hyperacusis (54.41%), 
depression (33.09%), and anxiety (28.68%) among the four groups. 
Chi-square tests showed that the proportions of gender, hearing loss, 
hyperacusis, depression, and anxiety were significantly different 
among groups. Post-hoc pairwise proportion tests with Bonferroni 
correction showed that the pre-existing tinnitus group had 
significantly different proportions in gender, hearing loss, hyperacusis, 
depression, and anxiety compared with the long COVID and COVID 
vaccination groups. Additionally, the proportions in gender and 
hearing loss were significantly different between the COVID infection 
and pre-existing tinnitus groups. Notably, no significant differences in 
demographics and characteristics were found among the three 
COVID-associated tinnitus groups.

3.2 Relationship between tinnitus etiology 
and other factors

3.2.1 COVID-associated tinnitus
Figure 1 shows the results of age- and gender-adjusted ORs and 

95% CIs of each COVID-associated tinnitus group. Individuals who 
reported tinnitus associated with COVID infection had significantly 
decreased odds (OR 0.68; 95% CI 0.46–0.98) of reporting hyperacusis. 
The odds of reporting anxiety (OR 1.44; 95% CI 1.12–1.84) 
significantly increased in individuals who reported having tinnitus 
associated with COVID vaccination; however, these individuals had 
significantly decreased odds of reporting hearing loss (OR 0.53; 95% 
CI 0.43–0.67). Reporting tinnitus associated with long COVID did not 
significantly change the odds of reporting any of the examined factors.

3.2.2 Changes in tinnitus in individuals with 
pre-existing tinnitus

Of the 679 respondents who reported having tinnitus before the 
COVID-19 pandemic, 294 (43.3%) reported changes in tinnitus 
(tinnitus gets worse = 283, 41.68%; tinnitus gets better = 11, 1.62%). 
Table 3 shows that none of the examined factors significantly increased 
or decreased the odds of reporting changes in pre-existing tinnitus 
following COVID infection, long COVID, or COVID vaccination.

TABLE 1 Demographics of all respondents.

Demographics N (of 1,511) %

Gender

Male or primarily masculine 723 47.85

Female or primarily feminine 782 51.75

Both male and female 1 0.06

Neither male nor female 3 0.2

Do not know 2 0.13

Agea

18–25 years 28 1.85

26–40 years 215 14.23

41–55 years 443 29.32

56–70 years 596 39.44

>70 years 227 15.02

Unknown 2 0.13

Country

United States 1,107 73.26

United Kingdom 106 7.02

Canada 62 4.1

Australia 50 3.31

New Zealand 37 2.45

Germany 21 1.39

Othersb 128 8.47

Race/Ethnicity

Caucasian 1,136 75.18

Asian 42 2.78

Hispanic 36 2.38

African American 11 0.73

Multiracial 10 0.66

Native American 3 0.2

Pacific Islander 0 0

Other 17 1.13

Prefer not to answer 19 1.26

Not applicable 237 15.68

aAge was stratified for the ease of presentation.
bCountries with less than 10 respondents.
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3.3 Tinnitus severity

As shown in Table 2, the median TFI score was the highest in the 
long COVID group (median = 60.8) and the lowest in respondents 
who had pre-existing tinnitus (median = 42). The results of the 
Kruskal-Wallis rank sum test suggest that median TFI scores were 
significantly different among groups (H(3) = 95.41, p < 0.001). Post-hoc 
Dunn’s tests with Bonferroni correction for multiple comparisons 
suggest that all three COVID-associated tinnitus groups had 
significantly higher median TFI scores compared with the pre-existing 
tinnitus group (Figure 2).

3.3.1 Factors related to tinnitus severity
The results of the multiple linear regression analyses are reported in 

Table 4, which shows the factors contributing to the increase in tinnitus 
severity (heightened TFI score) in each group. It should be noted that 
the results in Table 4 were obtained on a reduced sample size of each 
COVID-associated tinnitus group, as some respondents reported not 
having tinnitus at the time of answering the survey questions (see 
Table 2). In the COVID infection group, the overall regression was 
statistically significant, with the model explaining 27.1% of the variance 
(R2 = 0.271, F(6, 118) = 8.67, p < 0.001). However, gender, hearing loss, 
and anxiety were found to be the only significant predictors of the TFI 
scores. In the long COVID group, the model explained 27.9% of the 
variance (R2 = 0.279, F(6, 124) = 9.4, p < 0.001), but only hyperacusis and 
depression significantly predicted the TFI scores. In both the COVID 
vaccination and pre-existing tinnitus groups, age, hearing loss, 
hyperacusis, depression, and anxiety were all found to be significant 
predictors of the TFI scores. However, gender was also a significant 
predictor of the TFI scores in the pre-existing tinnitus group. The overall 
regressions were statistically significant in those two groups, with the 
models explaining 26.1% of the variance in the COVID vaccination 
group (R2 = 0.261, F(6, 516) = 31.78, p < 0.001), and 25.6% of the variance 
in the pre-existing tinnitus group (R2 = 0.256, F(6, 665) = 39.41, 
p < 0.001). The results of the sensitivity analyses showed that the effects 
of most predictor variables did not change significantly after removing 

TABLE 2 Demographics, characteristics, and tinnitus severity across groups.

Group

Demographics COVID infection 
(n  =  134)

Long COVID 
(n  =  136)

COVID vaccination 
(n  =  562)

Pre-existing 
tinnitus (n  =  679)

Test statistic

Gender 49 M, 84 F, 1 O 46 M, 90 F 249 M, 312 F, 1 O 379 M, 296 F, 4 O Χ2 = 38.81***

Age in years: Mdn (IQR), range 54 (19), 18–76 52 (15), 18–73 53 (20), 19–87 63 (16), 18–94 H = 166.9***

Characteristic

Tinnitus 126 (94.03) 131 (96.32) 523 (93.06) 679 (100) -

Hearing loss 54 (40.3) 59 (43.38) 213 (37.9) 439 (64.65) Χ2 = 98.44***

Hyperacusis 52 (38.81) 74 (54.41) 269 (47.86) 267 (39.32) Χ2 = 16.88***

Depression 39 (29.1) 45 (33.09) 151 (26.87) 127 (18.7) Χ2 = 21.07***

Anxiety 33 (24.63) 39 (28.68) 158 (28.11) 118 (17.38) Χ2 = 23.07***

Tinnitus severity

TFI score: Mdn (IQR) 50.8 (35.9) 60.8 (30.2) 56.4 (31.2) 42 (38) H = 95.41***

Numbers for different characteristics are count and percentage (in parentheses).
F, female; IQR, interquartile range; M, male; Mdn, median; O, others; TFI, Tinnitus Functional Index.
***p < 0.001.

FIGURE 1

Forest plot showing the relationship between COVID-associated 
tinnitus and different otologic or psychological symptoms. Age- and 
gender-adjusted odds ratios (ORs) and 95% confidence intervals (CIs) 
were obtained using multivariate logistic regressions in each COVID-
associated tinnitus group. The red dashed line denotes the reference 
line of no association between two examined factors (when ORs  =  1). 
Significant associations were found between COVID infection-
associated tinnitus and hyperacusis, as well as between COVID 
vaccination-associated tinnitus and hearing loss or anxiety. *p  <  0.05.

TABLE 3 Age- and gender-adjusted odds ratios and 95% confidence 
intervals of changes in tinnitus following COVID-associated causes in 
those with pre-existing tinnitus.

Factor Adjusted odds ratio (95% confidence 
interval)

Hearing loss 1.06 (0.62–1.82)

Hyperacusis 1.44 (0.87–2.4)

Depression 1.52 (0.83–2.91)

Anxiety 1.71 (0.93–3.29)

n = 294 (those who reported change in tinnitus in the pre-existing tinnitus group).
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outliers and influential observations from the models (see 
Supplementary Table S2). However, the variances explained in the 
models of the COVID infection and long COVID groups increased to 
>45%, suggesting the robustness of the models might be affected in 
groups with small sample sizes.

4 Discussion

To better understand otologic and psychological symptoms 
reported in COVID-associated tinnitus and pre-existing tinnitus, 
we conducted an online survey targeting the general population. The 
respondents were divided into three groups based on their judgment 
regarding tinnitus onset – after COVID infection, due to long COVID, 
or occurred soon after a COVID vaccination. A fourth group with 

pre-existing tinnitus was also included. Our findings showed that the 
rates of hearing loss, hyperacusis, depression, and anxiety were 
significantly different between COVID-associated tinnitus groups and 
the pre-existing tinnitus group. The findings also indicated that the 
COVID infection group had significantly lower odds of reporting 
hyperacusis and that the COVID vaccination group had significantly 
lower odds of reporting hearing loss. However, the COVID 
vaccination group showed increased odds of reporting anxiety. In 
individuals with pre-existing tinnitus, we  did not find significant 
associations between any factor and the reported COVID-related 
changes in tinnitus severity. Overall, tinnitus severity was significantly 
higher in any of the COVID-associated tinnitus groups compared 
with the pre-existing tinnitus group, with several predictors, 
particularly depression and/or anxiety, accounting for the 
most variance.

FIGURE 2

Boxplot showing the Tinnitus Functional Index (TFI) score in each group. The thick horizontal line within each box denotes the median value, and the 
box denotes the interquartile range. The error bars represent the maximum and minimum values of the TFI. The pre-existing tinnitus group showed a 
significantly lower median TFI score than any COVID-associated tinnitus group. **p  <  0.01; ***p  <  0.001.

TABLE 4 Multiple linear regression models to predict the Tinnitus Functional Index (TFI) score in different groups.

COVID infection 
group (n  =  125)

Long COVID group 
(n  =  131)

COVID vaccination 
group (n  =  523)

Pre-existing tinnitus 
group (n  =  674)

Variables β p β p β p β p

Age 0.072 0.381 0.079 0.331 0.128 <0.001 0.076 0.034

Gender (Male) −0.225 0.006 −0.042 0.595 −0.002 0.969 −0.067 0.048

Hearing loss (Yes) 0.193 0.019 0.142 0.067 0.115 0.003 0.169 <0.001

Hyperacusis (Yes) −0.022 0.79 0.19 0.019 0.099 0.012 0.15 <0.001

Depression (Yes) 0.133 0.241 0.438 <0.001 0.273 <0.001 0.276 <0.001

Anxiety (Yes) 0.352 0.002 0.074 0.49 0.255 <0.001 0.214 <0.001

R2 0.271 0.279 0.261 0.256

β, Standardized beta.
Bold numbers indicate statistical significance.
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4.1 Factors related to COVID-associated 
tinnitus

Upon further examination of each factor related to COVID-
associated tinnitus, we found that the COVID infection group had 
significantly lower odds of reporting hyperacusis, after accounting for 
age and gender. While hyperacusis has been suggested as one potential 
otologic symptom after COVID infection (36), there has been no clear 
evidence supporting increased co-occurrence of tinnitus and 
hyperacusis after COVID infection (6). Notably, the COVID infection 
group also reported the lowest rate (38.81%) of hyperacusis among 
all groups.

Although symptoms identified in adults with long COVID include 
depression, anxiety, hearing loss, or tinnitus (37–40), we did not find 
a significant relation among long COVID-associated tinnitus and any 
aforementioned factors. This non-significant finding may be due to 
reduced statistical power from a small sample size. Presently, the 
prevalence of long COVID-associated tinnitus in the general 
population is still unclear; the smaller sample size in the long COVID 
group in comparison to the COVID vaccination group in our study 
may simply reflect that long COVID-associated tinnitus is relatively 
uncommon (38, 39) or fewer such participants chose to complete the 
survey. In a large-scale study on individuals who had a COVID 
diagnosis (41), the key symptoms of COVID-19 sequelae over time 
(ranging from 2 to 18 months) included fatigue, dyspnea, and 
neuropsychiatric symptoms such as brain fog; however, tinnitus was 
found to be  an unlikely reported symptom. Moreover, without 
accounting for potential risk factors of long COVID such as having 
multiple and/or severe symptoms during the initial COVID-19 
infection (41–43), a strong correlation between long COVID-
associated tinnitus and other factors cannot be easily drawn.

Growing evidence suggests that adverse events following COVID 
vaccination include tinnitus, SSNHL, and/or vestibular symptoms 
(21); however, the risk of new-onset tinnitus or SSNHL due to COVID 
vaccination is considerably lower than the risk caused by other 
commonly adult-administered vaccines, such as Tdap or influenza 
vaccines (22, 23, 44, 45). A recent review indicates that SSNHL after 
COVID vaccination was mostly associated with tinnitus, probably due 
to sensory deprivation caused by inner ear damage following COVID 
vaccination (21). Similarly, Leong et al. (18) found that in a group of 
420 vaccinated patients, SSNHL following COVID vaccination mostly 
co-occurred with tinnitus. However, our findings suggested that in 
individuals who reported COVID vaccination-associated tinnitus, the 
odds of reporting hearing loss were significantly decreased. The 
contradictory findings between our study and previous studies may 
stem from the difference in the targeted populations. While most 
previous studies focused on patients who sought medical attention 
after experiencing SSNHL following COVID vaccination (18, 21, 22, 
25), our survey might capture the responses that better represent the 
general population, with most respondents reporting minimal 
concern about hearing loss that entails medical attention. Nonetheless, 
an assessment of the sudden nature of hearing loss is needed to further 
delineate the association between hearing loss and tinnitus in the 
COVID vaccination group.

Despite ample support from the literature on the relationship 
between anxiety and tinnitus (46, 47), only individuals with COVID 
vaccination-associated tinnitus had significantly increased odds of 
reporting anxiety. While the exact mechanism of COVID 

vaccine-induced tinnitus remains unclear (44), it has been proposed 
that adverse events to vaccines may not only be  triggered by the 
ingredients in the vaccine but also be contributable to the stress or 
anxiety throughout the vaccination process and the global pandemic 
that necessitated said vaccination (48, 49). An increased fear and 
anxiety relating to the COVID vaccination has been identified in the 
general population ever since the COVID vaccines were made public 
(50). However, anxiety-related adverse events can often 
be underestimated. With the uncertainty about the long-term effects 
of new vaccines, negative expectations about the COVID vaccines 
(a.k.a. a nocebo effect) that widely spread through various 
informational sources may aggregate the reports of anxiety-related 
adverse effects (48). The nocebo effect demonstrates the critical role 
of hypothetical health beliefs in the increased likelihood of physical 
sensations. Such effect can be  inextricably linked to events or 
symptoms reported during the pandemic, as evident in individuals 
with particular beliefs about COVID-19 later reporting increased 
auditory symptoms or experiencing unexplained bodily symptoms 
(51, 52). Although the significant relation between tinnitus and 
anxiety found in our COVID vaccination group may support the 
notion of anxiety-related adverse events during the vaccination 
process, our data were insufficient to establish a causality link.

4.2 Factors related to changes in tinnitus

The impact of the pandemic on pre-existing tinnitus has been 
investigated in several previous studies (e.g., (30)). Our results on the 
changes in tinnitus severity in pre-existing tinnitus moderately echo 
the Beukes et al. (26) study, which shows that 32% of respondents 
reported their tinnitus being more bothersome during the pandemic, 
with only 1% reporting improvement of tinnitus. On the contrary, one 
survey study targeting older adults with tinnitus showed that only 10% 
of their respondents reported changes in their perception of tinnitus 
severity after the pandemic (31). Notably, heterogeneity across studies 
was also seen in studies that compared the scores of the Tinnitus 
Handicap Inventory (THI: (53)) or visual analog scale (VAS) of 
annoyance between pre- and peri-pandemic: significantly increased 
tinnitus severity (manifested by higher THI or VAS scores) during the 
pandemic was found in some studies (27–29) but not others (30). One 
point of difference is that our survey was conducted in late 2022 and 
early 2023, when the general public had likely habituated to the idea 
of the pandemic. Regardless of the mixed findings, most studies 
acknowledged the inextricable link between emotional states and 
tinnitus, with findings suggesting a significant association between 
increased anxiety and/or depression during the pandemic and 
increased tinnitus severity (27–29).

4.3 Tinnitus severity among groups

Based on the TFI scores, tinnitus severity was significantly greater 
in any of the COVID-associated tinnitus groups relative to the 
pre-existing tinnitus group. Our findings support the negative 
association between tinnitus duration and tinnitus severity (54), as 
individuals in COVID-associated tinnitus groups had relatively 
shorter tinnitus duration compared with those in the pre-existing 
tinnitus group. Another possible explanation lies in the fact that the 
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characteristics observed in COVID-associated tinnitus groups were 
different from those observed in the pre-existing tinnitus group. In 
our respondents, the pre-existing tinnitus group showed significantly 
different rates of hearing loss, hyperacusis, depression, and anxiety 
compared with other groups. The higher rate of reported hearing loss 
in the pre-existing tinnitus group, which had a higher proportion of 
males and significantly older respondents compared with other 
groups, is not surprising, considering the known association among 
age, gender, and the likelihood of tinnitus (55). However, among all 
groups, the rates of reporting hyperacusis, depression, and anxiety 
were lower in the pre-existing tinnitus group. This agrees with reports 
on the potential effect of tinnitus duration on the level of depression 
and anxiety (56). Although there was no significant difference in 
tinnitus severity among the COVID-associated tinnitus groups, our 
findings suggest that the long COVID group reported the highest 
median TFI score. While a comprehensive understanding of the 
physiological or psychological mechanisms of long COVID-related 
tinnitus is emerging, growing evidence suggests that long COVID can 
have a debilitating impact on an individual (37, 57). With long COVID 
being recognized as a disability according to the guidance of the 
Americans with Disabilities Act (58), it may not be surprising that 
individuals who experience several symptoms of long COVID across 
multiple organs may perceive greater tinnitus severity compared to 
those without long COVID.

Further analysis suggested that only around 26–27% of the 
variance in tinnitus severity (TFI scores) was explained by the factors 
we examined. The low variances may be because the factors included 
do not necessarily correspond to several subscales probed by the TFI, 
such as the intrusive or sleep subscales (34). Moreover, other factors 
that might affect tinnitus severity, such as loudness of tinnitus, 
personality traits, and survey environment (46, 59, 60) were not 
included. Overall, depression and/or anxiety contributed the most to 
the variance of the TFI scores in all groups. The findings are not 
unpredictable considering the strong link between emotional states 
and tinnitus severity (47, 61). However, significant predictors in the 
COVID infection and long COVID groups only contain one of the 
emotional states. This suggests that in these two groups, individuals 
may find their tinnitus bothersome even without the co-occurring 
depression and anxiety. It is noteworthy that the models for the 
COVID vaccination group and the pre-existing tinnitus group shared 
identical predictors except for gender. While the models for both 
groups shared anxiety and depression as the most significant 
predictors of tinnitus severity, the overall tinnitus severity is 
significantly higher in the COVID vaccination than in the pre-existing 
tinnitus group. With the potential additive effect of co-occurring 
anxiety and depression on tinnitus distress (62), one possible 
explanation is that such an additive effect may have a greater impact 
on tinnitus severity in the COVID vaccination group than in the 
pre-existing tinnitus group. Together, our findings highlight the 
importance of considering different aspects, especially psychological 
ones, while assessing tinnitus severity in individuals with varying 
COVID-associated onset of tinnitus.

4.4 Limitations and future directions

Several limitations should be noted. First, like many tinnitus 
survey studies (see the review by Jarach et al. (63)), only a general 

definition of tinnitus (ringing, buzzing, or noise in the ear) was used 
in our survey. Without including questions or assessments to 
identify subtypes of tinnitus such as somatosensory tinnitus (64), 
our findings may oversimplify the relationship between COVID-19 
and tinnitus. Second, biases such as sample bias and recall bias can 
be  introduced depending on the survey questions and how the 
survey was disseminated. In regards to sample bias, since only 
individuals who received the survey link could complete the survey, 
and the decision to complete the survey may be driven by varying 
factors (being more technologically inclined, wanting to learn more 
about the study, having a higher level of anxiety or depression, 
wanting to seek support for their tinnitus, etc.), the responses 
we received might not be fully representative. The unequal sample 
sizes among groups in our study could also affect the statistical 
power. This is usually a problem when targeting multiple groups in 
one survey study, with our recruitment message possibly drawing 
more respondents in one group than another. Additionally, our data 
are sensitive to recall bias. If the onset of tinnitus was directly 
associated with a COVID-related cause, the tinnitus onset should 
be similar to that of symptoms observed after COVID infection, 
long COVID, or COVID vaccination (22, 24, 65). However, 
considering that our respondents might have experienced multiple 
COVID-related symptoms when completing the survey, the 
respondents might link their tinnitus to a specific COVID-
associated event when they were unable to remember previous 
events accurately. As such, even though many studies have 
attempted to unfold the association between tinnitus and COVID-
19, the knowledge gap could still be enlarged due to inconsistent 
reporting, recall bias, or the nocebo effect (52, 65). Third, to reduce 
survey length, we were unable to include validated questionnaires 
to evaluate every factor, such as hyperacusis and hearing loss. Even 
though the PHQ-4 was used to assess the respondents’ risk of 
having anxiety and depression, the accuracy of the assessment may 
not be  comparable to more comprehensive questionnaires. 
Therefore, our findings, which were largely based on the analyses of 
responses to single questions, should be interpreted with caution. 
Fourth, as the study was cross-sectional, the causal relationship 
between different factors cannot be established. Moreover, we were 
unable to evaluate the long-term effect of different COVID-
associated causes on tinnitus. Lastly, as emerging evidence suggests 
hearing disorders such as tinnitus may result from 
neuroinflammation responding to varying diseases (66), one 
unanswered question of our study is: what physiological 
mechanism(s) causes a higher incidence of tinnitus in individuals 
who received immunization or suffered from COVID relative to 
those who did not undergo these conditions? Future longitudinal 
studies that include control groups and comprehensive audiological 
and physiological assessments are warranted to better understand 
the causality of COVID-associated factors and tinnitus.

5 Conclusion

Our findings suggest that several factors, such as hearing loss 
or hyperacusis, were significantly correlated with the report of 
tinnitus in individuals who attributed their tinnitus to varying 
COVID-associated causes. The results highlight the significant 
effects of anxiety and/or depression on tinnitus severity, regardless 
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of the reported cause of tinnitus. Not surprisingly, cognitive-
behavioral therapy or mindfulness-based stress reduction has 
often been recommended for reducing tinnitus distress in 
individuals with COVID-associated tinnitus (26–28). Our 
findings also underline the importance of incorporating clinical 
assessments to better estimate the impact of varying hearing and 
psychological disorders on tinnitus severity in those with COVID-
associated tinnitus. With COVID infection, long COVID, and 
COVID vaccination becoming potential causes of tinnitus, more 
individualized clinical management that accounts for relevant 
factors may be  required to provide patient-centered care. 
Although evidence-based research focused on intervention in 
COVID-associated tinnitus is still lacking, with the complex 
nature of COVID-related symptoms, it is evident that a 
multidisciplinary approach including professionals such as 
audiologists, otolaryngologists, psychologists, and neurologists is 
essential to address potential challenges in this tinnitus 
population (67).
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