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Abstract: This review aimed to systematically review what has been published regarding tinnitus
during the COVID-19 pandemic up to March 2021 by performing both narrative and quantitative
meta-analyses. Of the 181 records identified, 33 met the inclusion criteria, which generally had a fair
risk of overall bias. In the included, 28 studies focused on the impact of the COVID-19 virus on
tinnitus and 5 studies focused on the impact of the pandemic on tinnitus. From the studies identi-
fying the impact of COVID-19 on tinnitus, there were 17 cross-sectional studies (n=8,913) and 11
case series or case report studies (n=35). There were 2 cross-sectional studies (n=3,232) and 3 pre-
post-test design studies (n=326) focusing on the impact of the pandemic on tinnitus. No consistent
patterns were found regarding the presentation of the tinnitus or additional factors that could have
tinnitus developing in the disease impact studies. For the pandemic impact studies, the associated
stress and anxiety of the pandemic were consistently suggested to contribute to tinnitus experiences.
The pooled estimated prevalence of tinnitus post COVID-19 was 8% (CI: 5 to 13%). Medical profes-
sionals should be aware that tinnitus might be more problematic following the pandemic or after
having COVID-19.

Keywords: COVID-19; coronavirus; tinnitus; hearing loss; vertigo; systematic review; auditory
symptoms; pandemic

1. Introduction

On 11 March 2020, weeks after discovering a rapidly spreading Severe Acute Respir-
atory Syndrome Coronavirus 2 (SARS-CoV-2), the World Health Organisation (WHO) de-
clared the COVID-19 outbreak a global pandemic [1]. A wide range of symptoms has been
associated with contracting COVID-19, including respiratory failure, fever, headaches,
and loss of taste and smell [2]. The severity of these symptoms ranges from being asymp-
tomatic to having fatal consequences [3]. In addition, auditory-related conditions such as
dizziness, tinnitus, and otalgia have been identified as common COVID-19 symptoms [4].
The duration of the symptoms also varies from being acute (lasting up to 4 weeks), ongo-
ing (lasting 4-12 weeks), or lasting more than 12 weeks, referred to as “long COVID” [4].
According to the National Institute for Health and Care Excellence (NICE) [4], common
symptoms of long COVID include dizziness, tinnitus, and otalgia. This is plausible as sev-
eral viral infections have been identified to directly damage the inner ears, increase sus-
ceptibility to fungal or bacterial infections, or induce inflammatory responses such as mea-
sles, rubella, and cytomegalovirus [5-6].

The prevalence of audio-vestibular symptoms following the contraction of COVID-
19 has been estimated by numerous systematic reviews. The first by Almufarrij et al. [7]
published from searches in May 2020, followed by Saniasiaya [8] and Maharaj et al. [9]
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regarding searches in July 2020. A systematic review undertaken in December 2020 inves-
tigating audio-vestibular symptoms following contracting COVID-19, indicated that tin-
nitus had an estimated prevalence of 14.8% (CI: 6.3 to 26.1) from 12 studies [10]. Other
audio-vestibular symptoms were less prevalent, such as hearing loss (7.6%; CI: 2.5-15.1)
and vertigo (7.2%; CI: 0.01-26.4). A further review by Jafari et al. [11] indicated a lower
prevalence range (4.5%; CI: 1.2 to 15.3) from six studies.

Due to the alarming spread of the virus through human-to-human transmission,
many countries enforced regional lockdowns to reduce social interactions [12]. Although
these measures reduced the spread of the virus, the restrictive measures-imposed lead to
a negative impact on wellbeing and increased mental health difficulties in the general
population [13-16]. Certain populations were identified as being at higher risk of the pan-
demic negatively impacting them. This included those with tinnitus, due to the bidirec-
tional relationship between stress and tinnitus, resulting in tinnitus being initiated or ex-
acerbated during stressful periods [17]. As tinnitus is known to impact people differently,
the effect of the pandemic on pre-existing tinnitus was unknown. Initial studies reported
a range of outcomes such as some individuals finding tinnitus to be stable and others
finding it worse (e.g., Beukes et al. [18]).

The systematic reviews to date have helped identify estimates of tinnitus and other
auditory-vestibular dysfunctions. There is, however, not much known about the presen-
tations of tinnitus, which will be further explored by this review. This is in aid of identi-
fying possible risk factors, patterns in the tinnitus presentations, the tinnitus onset post-
infection, and whether it resolves or changes. As no review has focused specifically on
tinnitus or incorporated the effect of the pandemic on tinnitus, this review aimed to in-
clude these effects. The specific aims were to (i) investigate the effect of contracting
COVID-19, (ii) determine the impact of the pandemic on tinnitus experiences, (iii) identify
the progression and characteristics of the tinnitus, and (iv) comprehensively evaluate fac-
tors that could contribute to understanding the association between COVID-19 and tinni-
tus.

2. Materials and Methods
2.1. Protocol and Registration

This systematic review was prospectively registered with the International Prospec-
tive Register of Systematic Reviews (PROSPERO number CRD42021235661, registered on
10 February 2021) where the protocol can be found. No changes were made after registra-
tion to the protocol The methods selected were guided by the Preferred Reporting Items
for Systematic reviews and Meta-analyses (PRISMA; see Supplementary content A1) [19].
As this was a review, registration with an institutional review board was not required.

2.2. Eligibility Criteria

Eligibility was determined according to the PCECOS Criteria (Table 1). The popula-
tion of interest was those experiencing tinnitus during the COVID-19 pandemic or due to
COVID-19. Populations describing other audiological symptoms without any tinnitus
were excluded. The primary outcome was tinnitus associated with the theCOVID-19 virus
and the COVID-19 pandemic. Secondary outcomes were reporting any other hearing-re-
lated symptoms such as hearing loss or vestibular complaints. Any interventions or diag-
nostic tools managing COVID-19 or the effects of the pandemic were included. All studies
(cohort, cross-sectional, case report, case-control studies, and commentaries), irrespective
of the study design were included but systematic reviews were excluded. Unpublished
data, pre-prints, and secondary publications of the main published paper were excluded.
All language publications were included with no date restrictions.

Table 1. Inclusion and exclusion criteria for the review.

Inclusion Exclusion
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Individuals of any age experiencing
tinnitus during the COVID-19 pan-
Population demic or due to contracting SARS-
CoV-2 (COVID-19).

Individuals without tinnitus

Tinnitus which is the perception of

.. sound in the ears or head in the ab- L.
Condition No tinnitus
sence of any external sound.

Confirmed, probable or suspected ex-

Exposure posure to COVID-19 or the pandemic. Not exposed to COVID-19 or the pan-

demic.
Not applicabl
Comparator ot appricable Not applicable
Outcomes Self-reported experiences of tinnitus No tinnitus reports
Study designs Any study .designs including com- Systema’Fic revliews, seconda?y studies
mentaries and case studies discussing other studies
N lusi ding the length of
Timings At least one time point O excustons regarding the engt o
follow up assessments
Language All languages None
2.3. Information Sources 95

The following electronic research databases were used: PubMed (MEDLINE), Cumu- 9%
lative Index to Nursing and Allied Health Literature (CINAHL), Academic Search Com- 97
plete, and EBSCOhost including Web of Science. Additional searches included hand- 98
searching key journals and the reference lists from the included studies, citation tracking, 99
and grey literature in Google Scholar. Unpublished data were excluded. 100

2.4. Search Strategy 101

A peer-reviewed search strategy was developed and tested through an iterative pro- 102
cess. The keywords “tinnitus” AND ‘COVID-19" OR 'coronavirus' were used for searching. 103
The search terms were used with Boolean operators and in combination with MeSH terms 104
for each search engine to maximize outputs from the literature search. The searches were 105
re-run until 31 March 2021, before the final analysis to ensure that no relevant articles were 106
missed. Appendix A2 provides the search strategy results, including the number of rec- 107
ords returned. Three authors (EB, AU, TE) independently searched the databases and 108
screened the studies to identify which met the inclusion criteria by viewing the abstracts 109
between 15-20 February 2021. Periodically, until submission, searches were redone during 110
the review process to assess for any further studies up to 31 March 2021. Included studies 111
were cross-referenced with previous related reviews. 112

2.5. Data Management and Study Selection 113

The records were exported to Rayyan [20] for independent blinded eligibility screen- 114
ing by three reviewers (EB, AU, TE). Duplicate records were identified and manually re- 115
moved. The title and abstract were screened, and the full text was inspected when re- 116
quired. For records passing the initial screen, the full texts were subsequently read to de- 117
termine eligibility. 118

2.6. Data Collection Process and Data Items 119

For each study, relevant data suggested by the PRISMA were extracted onto a data 120
extraction Excel spreadsheet designed by the researchers for purposes of this review. The 121
manuscripts were divided for extraction by three authors (AU, TE, EB) and cross-checked 122
by each other. Initially, descriptive data were extracted regarding the reference, country, 123
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population, sample size, study design, mean age, and gender ratios. In addition, the fol- 124
lowing outcomes were extracted: reports of tinnitus, reports of tinnitus changes, and re- 125
ports of other audio-vestibular difficulties (see Tables 2-4). Symptoms of dizziness, dise- 126
quilibrium, and balance problems were classified as vestibular disorders. 127

2.7. Risk of Bias Assessment 128

Due to the different types of study designs included in this review, quality assess- 129
ment for the included studies was assessed using the National Institute of Health Quality 130
Assessment Tools [21]. Although other tools are available, using the same tool as used in 131
similar systematic reviews (e.g., Almuufarrij & Munro [10]) allowed for consistency. Spe- 132
cifically, the Quality Assessment Tool for Case-Control Studies, for Observational Cohort 133
and Cross-Sectional Studies, and for Before-After (Pre-Post) Studies with No Control 134
Group were used depending on the study design. The included studies were assessed for 135
risk-of-bias following the 9-14 questions on each checklist (see Appendix A3). Each item 136
was judged blinded and independently by two reviewers (AU & TE). These ratings were 137
compared and verified by a third reviewer (EB). An overall quality rating was made as 138
good (unbiased and fully described), fair (unbiased results despite missing data), or poor 139
(substantial details missing or questionable results). 140

2.8. Strategy for Data Synthesis 141

This review focused on synthesizing factors that may contribute to the presence of 142
tinnitus by using a formal narrative synthesis as described by Campbell et al. [22] and 143
Popay et al. [23]. The synthesis was conducted independently by three reviewers, and the = 144
combined agreed results were reported. = Meta-analysis was conducted to pool the prev- 145
alence of tinnitus from the cross-sectional studies. The pooled estimates and 95% CI were 146
computed using Comprehensive Meta-Analysis version 3 [24]. The model selected (fixed 147
or random-effect) would depend on statistical heterogeneity. If I2is high (larger value), 148
indicating that effect sizes vary across the included studies, a random-effect model would 149
be used to pool the data [25]. The results will be presented in a Forest Plot. 150

2.9. Subgroup Analysis 151

Subgroup analysis of the included studies included those describing the disease im- 152
pact of COVID-19 on tinnitus and those looking at the impact of the pandemic on tinnitus. 153
Subgroup analysis was then done depending on study design, i.e., cross-sectional, pre- 154

/post-test designs, or case studies/case controls. 155
3. Results 156
3.1. Study Selection 157

Database searching identified 181 retrieved records. After removing duplicates, 65 158
records were screened for inclusion. Of these, 33 studies met the inclusion criteria (see 159
Figure 1). Potential studies were most often excluded due to not fulfilling the criteria of 160
outcomes and study design or being a pre-print and not yet published. All studies in- 161
cluded were published in 2020-2021 with data collection between January and October 162
2020. Most studies were specific to a single country, including regions of China, Brazil, 163
Qatar, Germany, Turkey, the United Kingdom, Malaysia, Egypt, Turkey, Italy, Iran, India, 164
and the United States. There were two international studies [18, 26] and one regional study 165
in Europe [27]. All the studies were in English, except one which was in Russian [28]. A 166
translated copy was obtained to include in this review. Where numbers were not clearly 167
stated regarding individuals with tinnitus, the study authors were contacted for clarifica- 168
tion (e.g., Davis et al. [26]). 169
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Records identified tr_lrough database Additional records identified
searching through other sources
c (n=181) (n=12)
S . _ —»|
b Web of Science = 21 Grey literature = 4
= PubMed = 97 Screening = 9
= Academic Search Complete
(7] and CINAHL =63
=i
— v
Records screened after duplicates
o removed Records excluded after
= (n=117) > abstract review
o (n=50)
bt
O
n
)
A4
> Full-text articles assessed for Exclusion reason
= eligibility > Outcome = 17
::_" (n=67) Design = 17
=
)
Included Publications
- Impact of COVID-19 disease = 28
o Cross-sectional = 17
3 Publications included in R Case series/reports = 11
g - :
= the systematic review Impact of COVID-19 pandemic = 5
(n=33) Cross-sectional/observational = 2
Pre-/Post- design = 3
Figure 1. Prisma Flowchart. 170
3.2. Study Characteristics 171

Due to the variation in the studies included in this systematic review, they were 172
grouped initially by research question. There were 28 studies investigating the impact of 173
COVID-19 disease on tinnitus and 5 studies investigating the impact of the COVID-19 174
pandemic on tinnitus. Due to the heterogeneity of the studies investigating tinnitus initi- 175
ation following contracting COVID-19, the studies were further grouped into case reports 176
and case series studies or cross-sectional studies. Among the disease impact studies, there 177
were 11 case series/reports (Table 2) and 17 cross-sectional studies (Table 3). Among the 178
pandemic impact studies, there were two cross-sectional, and three pre-/post-test study 179
designs (Table 4). Findings from these studies are summarized in the next sections. 180

3.3. Risk of Bias in the Individual Studies 181

The quality assessment analyses of individual included studies are provided in Ta- 182
bles 2-4 and Appendix A3. Overall, the study designs included were of low quality rela- 183
tive to the hierarchy of evidence in trials as no randomized controlled trials were included. 184
The quality of the included studies was, however, fair in most cases (n=25, 78%), with 4 185
(12.5%) being rated good, and 3 (9.5%) studies being rated poor, generally due to lacking 186
details. The included studies thus generally provided unbiased accounts of tinnitus de- 187
scriptions. The results of the individual studies are presented in the next sections. 188
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3.4. Case Reports/ Case Series Disease Impact Studies 189
3.4.1. Study Characteristics 190

There were 11 case reports documenting the onset or aggravation of tinnitus, some- 191
times reported together with other audio-vestibular symptoms (see Table 2). There were 192
35 cases in total with 9 case studies, 20 cases by Cui et al. [29] and 6 by Karimi-Galougahi 193
et al. [30]. Most studies were specific to a single country, including Germany [31], the State 194
of Qatar [32], United Kingdom [33], Ireland [34], Brazil [35], Turkey [36], Malaysia [37], 195
Egypt [38], China [29,39], and Iran [30]. There was great variability in the ages of the pa- 196
tients, with the youngest being 23 years and the oldest being 67 years, with an overall 197
mean of 42 years. Of the 14 patients with tinnitus, 6 were male (43%) and 8 were female 198
(57%). 199

3.4.2. Pre-Existing Health Conditions 200

Most studies reported no pre-existing head trauma, ototoxic medication, or hearing 201
disorders. Pre-existing health conditions were described in three studies, including medi- 202
ated rheumatoid arthritis [35], medicated asthma [33], diabetes, hypertension, and 203
Meniere’s disease [29]. Five studies reported no relevant comorbid diseases [30,34,36-38], 204
and comorbidities were not described in three studies [31-32,39]. Hence, a range of medi- 205
cal backgrounds was found for these case studies. 206

3.4.3. Tinnitus Characteristics 207

In total, 14 patients (40%) reported tinnitus in the case reports included in this review. 208
Few of the case reports provided clear descriptions of the tinnitus experienced. Where 209
provided, great variability was found. For example, a 4kHz and 10dB sensation level us- 210
ing a tinnitus evaluation [32], loud, white noise in both ears [31], non-pulsatile [37], disa- 211
bling [35], and gradually worsening [38]. There was no consistency regarding the location 212
of the tinnitus, reported bilaterally [31], right-sided [34,37], and left-sided [31-32]. The re- 213
maining three case reports [29-30,36] reported aggravation or onset of tinnitus during 214
COVID-19 without any descriptive information. Chirakkal et al. [32] was the only study 215
that utilized a tinnitus evaluation comprised of frequency and intensity matching. 216

3.4.4. Tinnitus Initiation 217

The exact timings of the tinnitus initiation post-COVID-19 were furthermore lacking. 218
Chirakkal et al. [32], Fidan [36], Lamounier et al. [35], Maharaj and Hari [37] and Sun et 219
al. [39] reported the onset of tinnitus with the diagnosis of COVID-19. Degen et al. [31] 220
reported tinnitus alongside deafness after the patient’s recovery following thirteen days 221
in the intensive care unit (ICU) for COVID-19 and Koumpa et al. [33] reported tinnitus a = 222
week after transferring out of the ICU. Lang et al. [34] reported tinnitus onset after recov- 223
ery from COVID-19. The remaining studies were unclear regarding the onset of tinnitus. 224

3.4.5. Tinnitus Persistence or Recovery 225

Only two of the studies mentioned recovery of tinnitus. One study was two months 226
post-recovery [37], and the other mentioned alleviation of dizziness and tinnitus follow- 227
ing treatments with betahistine, a dihydrochloride tablet often used to treat vertigo symp- 228
toms [29]. Other studies reported tinnitus to persist post-recovery [32,35]. The remaining 229
studies did not elaborate on tinnitus duration. Thus, a need for follow-up assessments 230
regarding the recovery or persistence of tinnitus can aid in the understanding of the im- 231
pacts of COVID-19 disease and treatment on tinnitus. 232

3.4.6. Hearing Loss 233

One patient reported a conductive hearing loss in the right ear [36] and eight patients 234
reported a sudden sensorineural hearing loss as a potential COVID-19 related symptom 235
(total n=12, 33%) [30-36,38-39]. Bilateral hearing loss was found in two patients [31,35], ten 236
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presented unilateral hearing loss, with 5 in the right ear [30,32,34], 4 in the left ear [30- 237
31,33,38], and one patient presented unspecified hearing loss [39]. 238

Pre-existing hearing loss was described in some studies, with only one patient pre- 239
senting with hearing loss before coronavirus confirmation [35]. Lamounier et al. [35] re- 240
ported audiological testing prior to the pandemic revealing isolated hearing loss at fre- 241
quencies 6 and 8 kHz in the right ear only with thresholds being 45- and 30-dB HL, re- 242
spectively. Audiological outcome measures to confirm hearing loss after the contraction 243
of COVID-19 varied and included pure tone audiometry (air- and bone conduction), pure 244
tone audiometry (bone-conduction only), acoustic immittance, speech audiometry, otoa- 245
coustic emissions, acoustically evoked potentials, and bedside testing with tuning forks. 246
Variability in outcome measures yielded diverse reporting measures of audiological test- 247
ing. Diagnostic imaging was furthermore utilized in some studies to aid in the confirma- 248
tion of hearing loss. For instance, Degen et al. [31] reported magnetic resonance imaging 249
(MRI) findings of the right and left cochlea revealing inflammation of the meninges and 250
the right cochlea, consistent with a diagnosis of a dead right ear. Following diagnosis, the 251
stability and management of hearing loss were unclear in most studies. Management of 252
hearing loss was discussed in a few studies, such as medication, corticosteroid therapy 253
being the most common, and amplification. Where provided, three studies reporting the = 254
use of corticosteroids revealed improvement [33,35,38] and one study revealed no im- 255
provement in hearing sensitivity [34]. For example, isolated improvements in hearing fol- 256
lowing combined corticosteroid therapy (oral and intratympanic) were reported in 257
Lamounier et al. [35] at 0.25 kHz in the right ear (from 60 dB, the threshold became 15 dB) 258
and at 4, 6, and 8 kHz in the left ear (the thresholds became 15 dB, 5 dB, and 20 dB, respec- 259
tively). Management of hearing loss using amplification, specifically cochlear implanta- 260
tion, was reported in only one study [31] following MRI findings indicative of inflamma- 261
tory processes in the cochlea. Due to concerns regarding soft tissue formation or ossifica- 262
tion which could hamper surgical insertion of the electrode, urgent implantation was rec- 263
ommended. 264

3.4.7. Vestibular Impairment 265

Vestibular difficulties associated with coronavirus were reported in only three pa- 266
tients (8%), all with positive results when tested for the coronavirus. Information regard- 267
ing vestibular dysfunction was limited. Cui et al. [29] reported tinnitus and dizziness for 268
a 52-year-old male with a history of diabetes and Meniere’s disease, which was alleviated 269
with betahistine, a commonly prescribed drug for balance disorders used to alleviate ver- 270
tigo symptoms. Due to the coexistence of Meniere’s disease that manifests such symptoms 271
with coronavirus, it is difficult to determine a connection between the virus, dizziness, 272
and tinnitus in this case report. Treatment, stability, or recovery was not discussed. Lastly, 273
Maharaj and Hari [37] presented a 44-year-old male admitted to the hospital after experi- 274
encing acute onset of spontaneous vertigo with nausea/vomiting and right-sided non-pul- 275
satile tinnitus. His hearing was in the normal range and bedside vestibular testing and 276
caloric testing revealed weakness in the semi-circular canal. Specifically, a tendency to fall 277
towards the right side and associated horizontal torsional spontaneous nystagmus beat- 278
ing toward the unaffected side was reported. Management or follow-up was not discussed 279
in the study. 280

3.4.8. COVID-19 Testing 281

COVID-19 testing (positive or negative) information was included in most studies, 282
with reverse transcription-polymerase chain reaction (RT-PCR) test being the most used. 283
Three studies used both RT-PCR and radiographic imaging to diagnose coronavirus 284
[30,36,39]. Three studies used only RT-PCR [31,35,38], one study used an unspecified 285
throat swab [37], another study used an unspecified nasopharyngeal swab [34], and the 286
remaining studies did not report the method for diagnosis [29,32-33]. All patients were 287
tested positive except in one study [30] that enrolled two participants with negative RT- 288
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PCR test results reporting tinnitus and hearing loss. Of the patients that tested positive,
eight patients were symptomatic with typical features of COVID-19, such as pneumonia,
fever, and coughing; three patients were asymptomatic; and one patient’s symptoms were
not described although she had no features of pneumonia. Only two studies reported fol-
low-up testing, which determined a negative coronavirus using RT-PCR test and normal
chest X-ray [36], and two negative coronavirus using respiratory swabs [38].

3.4.9. Treatment of COVID-19

Treatment of COVID-19 varied among the studies. Six patients with varying degrees
of COVID-19 symptoms were hospitalized and management of symptoms involved med-
ication, such as azithromycin, remdesivir, oseltamivir, and enoxaparin. Other treatments
alleviating COVID-19 symptoms included high flow oxygen [29], intubation [33,35], and
non-invasive mechanical ventilation [39]. Three studies reported conservative at-home
treatment of coronavirus symptoms as one patient had no features of pneumonia [32], one
patient did not require admission to the hospital [34], and another patient was given an-
tiviral medication [36]. Management of COVID-19 was not described in the remaining
studies.

3.4.10. Quality Analysis of Case Reports

In total, three studies were of good quality, seven studies were of fair quality, and
two studies were of poor quality (See Table Al). There was a lack of follow-up assess-
ments for seven case reports and outcome measures that were undefined or undetermi-
nable in three studies. Despite the lack of details, most case reports were able to provide
unbiased reports of audio-vestibular symptoms.

Table 2. Summary of the included COVID-19 disease impact case reports/ case series studies.

Other Audio-vestibular Manifesta-

Participant Characteristics tions
Study Countr}f Quality - .. Age in years Hear- Vestibular Taste Smell
Study Period  assessment Publication Participants Gender (mean, - . . . .
. Tinnitus ing Impair- Disor- Disor-
Date (n=35) median,
Loss ments ders ders
range)
n=1
Chirakkal ~ State of Qatar Fair M= 0% (Ringing,
A T O e ? 04/12/2020  n=1 y 35 matchedat X
etal. [32] Not stated F=100%
4kHz at
10dBHL)
. China . _ 550
C“[lzegt] 14020 Fair 01072020 n=20 l\rf[;::o// NA, 633272 n=1 X X
3/20/2020 ’
n=1
X (bilateral, de-
= 00
Degen et al. Germany Fair 01/08/2020 =1 M=100% 60 scribed as X
[31] Not stated F=0% .
loud white
noise)
. Turkey Fair B M= 0% n=1
Fidan [36] Not stated 01/05/2020 n=1 F=100% 35 X
Karimi-
. Iran Fair M=33%
Galougahi Not stated 10/06/2020 n=6 F= 67% 32 n=4 X X
et al. [30]
Koumpa et United Kingdom B M=100% n=1 (left
al. [33] Not stated Good  13/10/2020 =1 F=0% 5 sided) X
. Brazil o _
L;n;)t;?é?r 3/12/2020- Good  03/11/2020  n=1 FI:[;SO/Z . 67 ( disr;;allin y X
: 5/23/2020 ° 2
Lang et al [reland M=0% n=1 (right-
é g 49200 Fair 01102020  n=1 . * 0 30 e g) X
6/9/2020 ’
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n=1
. . "Right-sided
Maharaj & Malaysia Good B M =100%
Hari [37] Not stated 23/10/2020 n=1 F=0% 44 norlt—illaetilsa— X
Abdel- n=1
Rhman and Egypt R _ M=100% Gradually
Abdel- Wa- 4/15/20205/2020  Fair  08/07/2020 n=1 -y oo >2 worsening
hid [38]
China o
Sur[‘3‘;t] a1 16/20202- Poor  01/052020  n=1 Ml;lgf/) o 38 n=1 X
2/24/2020 ?

3.5. Cross-Sectional Studies Investigating Disease Impact
3.5.1. Study Characteristics

There were 17 clinical studies including 8,913 participants with an age range of 6 to
98 years. Some studies reported an equal gender divide and others reported variable ratios
such as Munro et al. [40] reporting 88% and Viola et al. [41] reporting 67% of the partici-
pants were males, as seen in Table 3. One study included other genders [26] (e.g., nonbi-
nary and cisgender), and another study did not report the prevalence of symptoms in
males and females [28]. The number of patients included ranged from 6 to 1,420 in these
studies, with most being conducted in Europe followed by Asia. There were seven studies
that took place in Europe from Italy [41-43], France [44-45], and England [40]. Lechien et
al. [27] had participants from France, Italy, Spain, Belgium, and Switzerland. There were
six studies from Asia reporting from India [46-47], Pakistan [48], Turkey [49-51], and
China [52]. The three additional studies were located in Russia [28], Egypt [53], and inter-
nationally including the USA, UK, Northern Ireland, France, Canada, Spain, Netherlands,
Ireland, Sweden, and other countries [18,26].

3.5.2. Study Designs and Outcomes

Studies were both retrospective (e.g., Elibol [49], Lechien et al. [27], Liang et al. [52],
Klopfenstein et al. [44], Zayet et al. [45], and prospective observational studies (e.g.,
Daikhes et al. [28], Karadas and Sonkaya [50], Ozcelik Korkmaz et al., [51], Swain & Pani
[47]). Data collection was completed via verbal questioning during Ear, Nose, and Throat
(ENT) examinations for all of the included studies. Outcome measures included self-re-
ported questionnaires within six studies [26,41-42,48,51,53]. Additionally, only one study
used validated questionnaires (e.g., Tinnitus Handicap Inventory [THI]) [43], and another
study used a severity scale (i.e., Visual Analogue Scale [VAS] ranging from 0 (absent) to
10 (most severe) [41]. Sources of heterogeneity included different tinnitus reporting crite-
ria, age groups, and study focus. Two studies included control groups, namely Daikhes
et al. [28] who had 30 controls included and Freni et al. [43] who had 20 controls with no
history of hearing loss or tinnitus. Zayet et al. [45] included a control group who had In-
fluenza and not COVID-19 symptoms.

3.5.3. Pre-Existing Health Conditions

Pre-existing health conditions were described in 11 studies which included hyper-
tension, asthma, diabetes mellitus, cardiovascular disease, theumatoid arthritis, arrhyth-
mia, dyslipidemia, peptic ulcer, thyroid disease, musculoskeletal conditions, meta-
bolic/endocrine conditions, neurological conditions, cancer, chronic obstructive pulmo-
nary disease, gastroesophageal reflux disease, allergies, respiratory insufficiency/disease,
chronic rhinosinusitis (CRS) with or without polyps, history of surgery for CRS, depres-
sion, allergic rhinitis, autoimmune diseases, chronic liver diseases/insufficiency, cerebro-
vascular disease, hyperlipidemia, anemia, renal failure/chronic kidney disease, sinonasal
problems, hearing loss, tinnitus, vestibular disorders, immunosuppression, and other
conditions not specified [27,40,42-45,48-49,51-53]. Some studies excluded participants
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with comorbidities such as patients with hearing loss or at risk of having a hearing loss
(e.g., noise exposure, surgeries, ototoxic medication, or diseases that may lead to hearing
loss) [28,41,47]. Other comorbidity exclusion criteria included psychiatric disorders, car-
diovascular or circulatory disorders [41], treatment with new drugs, chronic nasal prob-
lems, recent head trauma, brain or nose operations, and severe respiratory failure [46].
Davis et al. [26] did not mention comorbidities; however, excluded the following symp-
toms from the analysis: high blood pressure, low blood pressure, thrombosis, seizures,
low oxygen levels, high blood sugar, and low blood sugar.

3.5.4. Tinnitus Overview

In total, 1,763 participants reported tinnitus in the 17 included studies and an addi-
tional study by Beukes et al. [18]. This study did not directly investigate the COVID-19
disease but identified seven individuals reporting tinnitus and four with hearing loss after
contracting COVID-19 from the sample of 237 reporting COVID-19 symptoms, out of the
3,103 participants. Prevalence ranged from 0.35% [27] to 67% [46] for the disease related
studies. The variability was found even in larger studies as Lechien et al. [27] had a prev-
alence of 0.35% for 1,420 participants and Davis et al. [26] a prevalence of 34% for 3,762
participants. Sensitivity analysis removing the outlier studies did not impact the results.
The studies were not always clear if the tinnitus onset was post COVID or if it was tinnitus
that was exacerbated. As heterogeneity was high (> = 97.91, p <0.001) a random-effect
meta-analyses was conducted. The pooled prevalence estimate (Figure 2) for tinnitus as-
sociated with COVID-19 from these 17 cross-sectional studies and the Beukes et al. [18]
study (18 studies) was 8% (CI: 5 to 13%).

0.014 0.061 -+ 545]
0.078 0.207 —— 574
0.325 0.356 + 614 |
0.003 0.050 — 4.26 |
011 0.333 — 5.54 |
0136 0.259 —— 594 |
n12a 0.215 —— 6.02 |
0.0039 0.0439 +~ 5211
0.048 0.195 — 5.40|
0.066 0183 — 5721
0.001 0.008 5231
0.011 0103 -+ 472
0.0e39 0122 + 611
0.033 0127 —— 5.50|
0.315 0.456 — 6.03 |
0.010 0.036 + 559
0177 0.299 —H— 599 ]
0.027 0114 — 5431
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Figure 2: Forest plot for the estimated prevalence of tinnitus in suspected and probable COVID-19 cases.
The pooled estimates and their 95% CI are represented by the center point and width of the bottom line. The
individual study estimate, and its 95% CI are represented by center lines and their error bars, respectively.
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3.5.5. Tinnitus Characteristic

As no standard standardized diagnostic criterion for tinnitus was used, great varia-
bility was found regarding tinnitus severity and characteristics and not all studies de-
scribed the tinnitus. Viola et al. [41] presented tinnitus descriptions for participants to se-
lect, indicating large variability in the tinnitus experienced. Amongst 43 patients, 17
(39.5%) described tinnitus as recurrent (comes and goes away during the day), 10 (23.3%)
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as occasional (episodic, sporadic), 7 (16.3%) as continuous fluctuating with intensity 384
changes throughout the day, 4 (9.3%) as persistent (always present, day and night), 3 385
(7.0%) as pulsatile (synchronous with heartbeat), and 2 (4.6%) as continuous (always pre- 386
sent with the same intensity, making it difficult to fall asleep). VAS mean score for tinnitus 387
was 5 revealing an overall moderate severity across patients [39]. Freni et al. [43] reported 388
a THI score of 6.6 + 12.1 (THI scores of 0-16 are considered as no or slight handicap) and 389
that for 10 patients tinnitus was initiated or worsened due to COVID-19. In a study fo- 390
cused on the pandemic impact [18], among those with pre-existing tinnitus who con- 391
tracted COVID-19 (n=237), 40% reported that their tinnitus became more bothersome, 54% 392
reported no changes to their tinnitus, and 6% reported improvement in their tinnitus. 393
Those reporting an improvement mentioned that they had gained new perspectives and 394
realized that their tinnitus was not such a big problem compared with fighting to survive 395
while hospitalized with COVID-19. For those reporting their tinnitus worsened, it is un- 39
clear whether reported changes are directly related to the virus or not. Other factors may 397
have played a role, for instance, participants taking medications or vitamins to boost the 398
immune response reported a significant increase in their tinnitus. 399

Tinnitus location: One patient reported unilateral tinnitus (lateralized left) associated 400
with aural pressure among eight identified self-reports of tinnitus [40], and the tinnitus 401
location was not reported in other studies. 402

Tinnitus onset: Tinnitus onset was reported from one day post-infection [51-52] and 403
1-week post-infection by 11.5% (10.5%-12.5%) in the study by Davis et al. [26] increasing 404
to 26.2% (23.5%-29.1%) over 6-7 months post-COVID-19. Davis et al. [26] identified that 405
tinnitus was one of the later symptoms to occur at approximately 7 weeks post-COVID- 406
19. 407

Tinnitus duration: Few studies mentioned tinnitus duration and where reported, great 408
variation was found. In the study by Munro et al [40], there were eight individuals with 409
tinnitus, of whom three also reported a pre-existing hearing loss. Of these, one participant 410
reported that the tinnitus resolved over time. Savtale et al. [46] revealed 120 patients 411
(66.66%) amongst 188 self-reported new-onset tinnitus lasting 5 days (median, interquar- 412
tile range [IQR] 4-6). Liang et al. [52] revealed the average duration of tinnitus was 5 days. 413
Ozcelik Korkmaz et al. [51] revealed duration ranging from 1 to 9 days (median=4). Davis 414
et al. [26] reported that both tinnitus and hearing loss was likely to ramp up sharply in the 415
first two months and continue to increase up to 6-7 months post COVID-19. 416

Tinnitus management: Management of tinnitus was not described in any of the stud- 417
ies. This may be due to the unknown etiology between coronavirus and tinnitus and the 418
inconsistency in defining and reporting tinnitus, leading to variability in estimates. 419

3.5.6. Hearing Loss 420

Of the 16 included cross-sectional studies, 10 also examined hearing loss as a possible 421
symptom of COVID-19 (n=495), although there was substantial variability in how studies 422
assessed and reported hearing loss. Gender and age were for instance not reported in most ~ 423
studies except Swain and Pani [47] and Ozcelik Korkmaz et al. [51]. Study designs in- 424
cluded retrospective evaluation of medical records for 5 studies [28,44-45,47,49]; verbal = 425
questionnaire interviews [40, 46]; and the use of self-reported symptoms questionnaires 426
for 2 studies [26,51]. Only one study reported Hearing Handicap Inventory for Adults 427
(HHIA) scores for all patients [43]. 428

The overall prevalence figures ranged from 0% [28] to 100% [45]. Swain and Pani [47] 429
identified 28 patients ranging from 16 years to 52 years (mean=28.2), with 15 (53.57%) fe- 430
males and 13 (46.42%) males with hearing loss after hospital discharge. When grouped by 431
age, Ozcelik Korkmaz et al. [51] found hearing loss prevalence was 50% (n=3) for patients 432
60 years and older and 50% (n=3) for those younger than 60 years, with two males and 433
four females. 434

Type of hearing loss: Where provided, hearing loss ranged from being mild to moder- 435
ate in degree [46], high frequency in pattern [43,47], conductive [47], and sensorineural 436
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[46-47]. Although bilateral sensorineural hearing loss was identified, the majority in- 437
cluded unilateral hearing loss (e.g., 83% of the sample by Munro et al. [40]). 438

Onset and progression of hearing loss: Davis et al. [26] revealed that the incidence of 439
hearing loss increased from 2.98% (CI: 2.47%-3.54%) in week 1 to 6.42% (CI: 5.00% - 8.07%) 440
of respondents in week 6-7. Another study reporting duration found hearing impairment 441
lasting from 3 to 7 days (median=4) [51], and Savtale et al. [46] identified self-reported 442
new onset hearing loss lasting 13 days (median, 9.5-16.75 IQR). Freni et al. [43] revealed 443
the appearance or worsening of hearing loss in 20 patients (40%), with a HHIA score of 444
13.2+14.9, and after recovery, and 9 patients reported the presence of hearing loss 15 days 445
after negative RT-PCR test, with the total mean of the HHIA score being 4.24 + 5.55 (p < 446
0.001). 447

Assessment and management of hearing loss: Most studies relied on self-reports of hear- 448
ing loss and only one study undertook a full audiological evaluation consisting of tympa- 449
nometry, acoustic reflex thresholds, and transient evoked otoacoustic emissions (TEOAE) 450
[28]. Pure tone audiometry was conducted in t studies [43,47], tympanometry in one study 451
[47], and TEOAES in three studies [30, 43,47]. One study utilized a tuning fork test at a 452
frequency of 512 Hz to examine audiologic function [46]. TEOAE amplitude significantly = 453
worse in 22/28 COVID positive cases [47] and were also worse compared to individuals 454
without COVID-19 [30, 43]. Only one study among the others reported treatment for sud- 455
den sensorineural hearing loss (SSNHL) using corticosteroid therapy, specifically oral 456
prednisolone for three weeks along with vitamin B-complex and proton pump inhibitor 457
daily [47]. 458

3.5.7. Vestibular Deficits 459

Reports of vestibular impairments were found in four clinical studies as a possible 460
symptom of COVID-19. All studies assessed self-reported questionnaires regarding oto- 461
logic symptoms of COVID-19. Among the studies, only one utilized a severity scale to 462
investigate the severity of balance disorders [41]. Davis et al. [26] reported that dizzi- 463
ness/balance issues were most likely to persist after six months. In this study, 30-50% of 464
the respondents experienced dizziness/balance issues after six months. Ozgelik Korkmaz 465
et al. [51] reported that two participants had a previous vestibular disorder, with 31.8% of 466
the participants having dizziness and 6% having true vertigo post-COVID-19. Dizziness 467
was statistically significantly higher in women that were less than 60 years old and true 468
vertigo was only present in participants younger than 60 years old. The range of duration = 469
for true vertigo for participants was 1 to 5 days with a median of 3 days. For the duration 470
of dizziness, the range was 2 to 13 days with a median of 6 days. Micarelli et al. [42] stated 471
that 6.2% of the participants experienced vertigo/dizziness and 6.3% of the participants 472
experienced disequilibrium. Vertigo or dizziness symptoms had duration ranges of 2 to 473
12 days while disequilibrium was 2 to 14 days. In Viola et al. [41], 18.4% of the participants 474
reported balance disorders after the diagnosis of COVID-19. Of those with balance defi- 475
cits, 94.1% experienced dizziness and 5.9% experienced acute vertigo attacks. Fourteen 476
(7.6%) had both tinnitus and an equilibrium disorder while 7% experienced a migraine 477
and an equilibrium disorder. There were 20 (58.8%) females and 14 (41.2%) males that 478
experienced balance deficits. The severity of the equilibrium disorders was measured by 479
the VAS. The mean score for the equilibrium disorders was 5 out of a 1-10 rating. Man- 480
agement or treatment of vestibular impairments was not discussed in the studies. 481

3.5.8. COVID-19 Testing 482

Almost all the studies used RT-PCR testing for the diagnosis of COVID-19 as part 483
of the inclusion criteria except for Viola et al. [39] who used an unspecified nasopharyn- 484
geal swab. Davis et al. [26], and Miccrelli et al. [42], included those who had experienced 485
COVID-19 symptoms but not been tested. Micarelli et al. [42] also required the partici- 486
pants to have no fever in the past 14 days or a negative test for COVID-19 to participate 487
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in the study. Igbal et al. [48] and Kamal et al. [53] only included participants who had PCR
testing, to evaluate the presence or absence of SARS-CoV-2.

3.5.9. Treatment of COVID-19

Treatment of COVID-19 was not always described, and some studies only stated that
patients were hospitalized [26,40-41,43,46-47,49,51] or in intensive care units [44-45,48,53].
In Daikhes et al. [28], groups of drugs were used as treatments (antiviral, antimalarial,
anticoagulants, and antibacterial). Lechien et al. [27] used oral treatment depending on
symptoms such as analgesic drugs (paracetamol, nonsteroidal anti-inflammatory, oral
corticosteroids, mucolytics, hydroxychloroquine), antibiotics (macrolides), beta-lactam
antibiotics, along with antiviral drugs, pulmonary aerosols, and nasal treatments. Other
treatments for COVID-19 symptoms included oxygen therapy [44-45,48], home remedies
[48], and vitamins [53]. Liang et al. [52] stated that the treatment guidelines for COVID-19
issued by the National Health Committee of the People’s Republic of China were used for
treatment. Micarelli et al. [42] did not provide information regarding the treatment of
COVID-19. Furthermore, many of the clinical studies had patients who did not receive
treatment.

3.5.10. Quality Analysis of Cross-Sectional Observational Studies

Three studies were of good quality, seven studies were of fair quality, and no studies
were of poor quality (Table S5).

Table 3. Summary of the included COVID-19 cross-sectional studies.
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3.6. Pandemic Impact Studies: Comparing Tinnitus Before and During the Pandemic
3.6.1. Study Characteristics

There were three studies comparing tinnitus severity before and during the pan-
demic performed in Italy [54], Germany [55], and China [56], as summarized in Table 4.
The number of participants varied (16, 94, and 122 respectively). These studies focused on
how the COVID-19 pandemic affected tinnitus rather than on how the actual COVID-19
virus affected tinnitus. Therefore, COVID-19 testing (positive or negative) information
was not included in the data collection for these studies. The THI questionnaire was used
as part of the assessment of tinnitus severity for all three studies. As Anzivino et al. [54]
was a letter to the editor, the study was not detailed in terms of describing the age and
gender characteristics of participants. In Schlee et al. [55] and Xia et al. [56], the mean age
was similar, 54.0 (SD: 10.9) and 52.6 (SD: 14.7), respectively; however, regarding gender
percentages, the male percentage in the participants was greater in Schlee et al. [55], at
65.5% and 48.3% respectively.

3.6.2. Tinnitus Characteristics

Overall, the studies showed there was an increase in tinnitus severity during the pan-
demic. Anzivino et al. [54] found that the grade of tinnitus severity had increased by one
level on the THI for a small sample tested (12 out of 16 participants) during the pandemic.
Schlee et al. [55] found that although there was an increase in tinnitus severity on 122
patients during the pandemic compared with before, as measured by the THI and Mini-
Tinnitus Questionnaire (Mini-TQ), this difference was not significant. Tinnitus severity
was, however, significantly correlated to pandemic-related stress using the Social Isola-
tion Electronic Survey to identify grief, frustration, stress, and nervousness. The study
also revealed that the higher the participant's neuroticism score, the more distinct was the
worsening of the tinnitus. Xia et al. [56] identified significantly higher tinnitus severity
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during the pandemic (40 out of 100 for the THI for 99 patients) compared to before the 533
pandemic (34 out of 100 for the THI for 89 patients) and that the effect of anxiety (meas- 534
ured by Self-rating Anxiety Scale; SAS) associated with the impact of the pandemic ap- 535
peared to contribute to elevated tinnitus awareness. 536

3.6.3. Tinnitus Treatments 537

Xia et al. [56] reported that educational counselling resulted in improvements in the 538
SAS, THI score, and tinnitus loudness test before the pandemic, but such treatments were 539
less effective in 2020. The authors concluded that educational counselling was not enough 540
for the stress and anxiety during the COVID-19 pandemic and provided evidence that 541

anxiety is a contributing factor to tinnitus severity. 542
3.6.4. Quality Analysis of Pandemic Impact Study Comparing Tinnitus before and dur- 543
ing the Pandemic 544

Anzivino et al. [54] study was rated as poor due to the lack of description of the par- 545
ticipants (e.g., gender, age, eligibility criteria), the lack of statistical analysis, lack of re- 546
peated outcomes measures, and the small sample size (n=16). Schlee et al. [55] and Xia et 547
al. [56] were rated as fair due to providing a relatively good description of the aim, eligi- 548

bility criteria, outcome measures, and fair sample size. 549
3.7. Cross-Sectional Studies Investigating the Effects of the Pandemic on Pre-existing Tinnitus 550
3.7.1. Study Characteristics 551

There were two cross-sectional studies (Table 4) investigating the effect of the pan- 552
demic on pre-existing tinnitus at one point in time [18,57]. Although these studies tried to 553
identify the incidence of tinnitus during the pandemic, most of the included participants 554
had pre-existing tinnitus. Drawing conclusions regarding the impact of the pandemic on 555
the incidence of tinnitus compared with the incidence before the pandemic can thus not 556
be determined. 557

3.7.2. Outcome Measures 558

Beukes et al. [18] used the Tinnitus Handicap Inventory Screening versions (THI-S) 559
to measure the severity of tinnitus, as well as an online survey that contained questions 560
regarding demographics, contracting COVID-19, whether social distancing guidelines 561
were followed, the emotional and financial toll of the pandemic, and the use of coping 562
strategies. Naylor et al. [57] assessed the impact of the pandemic on those with hearing 563
loss using an online survey that asked questions regarding behavior, emotions, hearing 564
performance, practical problems (wearing hearing aids and masks), and tinnitus during 565
the pandemic. 566

3.7.3. Individual Study Descriptions 567

To study a more heterogeneous tinnitus population, Beukes et al. [18] surveyed 3,103 568
individuals with tinnitus between May-June 2020. Although global representation was 569
sought, the majority of the participants were from North America (49%) and Europe (47%) 570
with a minority (4%) representing other world regions with a total number of 3,103 par- 571
ticipants equally balanced in gender. Findings indicated that the pandemic had not altered 572
tinnitus for the majority (67%), 31% reported their tinnitus was exacerbated during the 573
pandemic and 2% found their tinnitus was better. Tinnitus was found to be significantly 574
more bothersome during the pandemic for females and younger adults under the age of 575
50. Additional mediating factors significantly exacerbating tinnitus included self-isolat- 576
ing, experiencing loneliness, sleeping poorly, and reduced levels of exercise. Increased 577
depression, anxiety, irritability, and financial worries further significantly contributed to 578
tinnitus being more bothersome during the pandemic period. Participants from the 579
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Naylor et al. [57] study consisted of 129 individuals with hearing loss that lived in Glas-
gow, Scotland. Ages ranged from 27 to 76 (mean=64.4) years old with 48% female. Data
were collected from May 29th to June 15th, 2020; therefore, the participants had experi-
enced over 2 months of lockdown. Due to the focus on hearing loss, there was only one
question about tinnitus in the online survey for Naylor et al. [57], the primary outcome of
the study was to determine the impact of the pandemic on those with hearing loss. Partic-
ipants were grouped into those with worse hearing (n=61) and better hearing (n=68). Out
of the 129 participants, 70 had pre-existing tinnitus. In the worst hearing group, 38 had
tinnitus while the better hearing group had 32 participants with tinnitus. In response to
the statement in the survey, “My tinnitus has been worse since lockdown started,” 42.1%
agreed, 31.6% were neutral, and 26.3% disagreed in the worse hearing group. However,
in the better hearing group, 18.8% agreed, 37.5% were neutral, and 43.8% disagreed. There
was a non-significant trend toward tinnitus being worse during the pandemic for those
with greater hearing loss. Participants explained that tinnitus was more noticeable with
the world around them being quieter. Overall, the studies showed that there may be a
trend for tinnitus to exacerbate during the pandemic; however, this did not pertain to the
majority of participants with pre-existing tinnitus. Contributing factors may include gen-
der, age, self-isolation, loneliness, lack of sleep and exercise, depression, anxiety, irritabil-
ity, financial concerns, or a quieter environment.

3.7.4. Quality Analysis of Cross-Sectional Studies Investigating Effects of the Pandemic
on Pre-Existing Tinnitus

The quality analysis of these two cross-sectional studies were both rated as fair, as
seen in Table 4. Guidelines for consistency of reporting in future COVID-19 studies are
provided in Table 5 to help science progress and improve patient outcomes going for-
ward.

Table 4. Summary of the included COVID-19 pandemic impact studies.

Other Audio-vestibular

Participant Characteristics Manifestations
Taste
Country Quality Ace i Vestibu-  /
Study Study Period assess-  Publication Participants Gender ge In years - Hearing lar Im- Smell
ment Date (n=3,558) (mean, median, Tinnitus Loss  pair- Disor-
range)
ments ders
Cross-sectional studies (n=3,232)
n=3996 had pre-
International M=50% 58 (14), NA, 18- existing tinnitus,
Beukes et 4/29/2020 Fair 05/11/2020 n=3103 F= 50% 1' 00 ’ n =7 post- X
al. [18] - 6/21/2020 COVID tinnitus
(0.2%)
Scotland M= 51.9%
Nayloretal.  5/29/2020- Fair 01/11/2020 n=129 F= 48 '1% 64.4, NA, 27-76 n=70 X
[57] 6/15/2020 )
Pre-/post- design (n=326)
ltaly Not pro-
Anzivino et ~5/1 to Poor 22/06/2020 n=16 . Not provided n=16
al. [54] 5/15/2020 vided
Germany
— (o)
Schlee et al. 3/28&/32/1184-;32/5(2)(/)%018 Fair 26/08/2020 n=122 1;/[; ;jfu/f 240 (1181'2)' NA, n=122 X X
(53] 4/29/2020
China n=188, n=89 2020:  2020=50.8 (15.1),
. 3/1/2019- Fair 05/02/2021 rior the pan- M=43.4% NA, NA, n=188 X
Xiaetal- 561 414019 T emic, P 56.6%
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&3/1/2020- 2019="52.6 (14.7),
4/14/2020 n=99 during  2019: NA, NA
pandemic  M=48.3%
F=51.7%
Table 5. Recommendations for future research investigating the impact of COVID-19 on audio- 607
vestibular conditions. 608
Study design considerations Data collection and reporting suggestions

Reporting basic demographic information such as age,
gender and additional health and mental health difficul-
ties.

Including control groups with and without the presence of the
disease or symptoms being investigated

Utilising standardized self-reported outcome measures to track Reporting how COVID-19 was tested, managed and
the changes in severity of presenting symptoms how severe the symptom presentation was

Reporting possible pre-existing associated factors such
Studying wider populations not only form one clinic or region as local or systemic infections, vascular, or autoimmune
disorders and stress, anxiety and depression.

Describing the tinnitus presentation such as its onset,

Undertaking audiometric assessments and comparing these o . . e
frequency, descriptions, location, duration and if it

with baseline audiograms or OAE results where available.
changes or resolves

Studies including longitudinal follow-up periods to identify the
trajectory of the symptoms to indicate whether the tinnitus re-
solves or remain and if the severity changes

Investigating psychosocial factors that may contribute
such as stress, anxiety and depression

Providing management options to those presenting with audio- Reporting tinnitus or auditory treatments offered and
vestibular symptoms their effects

4. Discussion 609

The purpose of this systematic review was to review the evidence regarding the effect 610
of contracting COVID-19 on tinnitus and the effect of the wider pandemic on tinnitus. 611
Until and including 31 March 2021, there were 33 published articles discussing these ef- 612
fects. These studies varied in study design and purpose. There were 28 investigating the 613
impact of COVID-19 on tinnitus and five reporting the impact of the pandemic on tinnitus. 614
Although not all countries published reports, there was a fair global representation, in- 615
cluding two studies that attempted international data collection. This discussion high- 616
lights the main findings. 617

4.1. The Effect of Contracting COVID-19 on Tinnitus 618

No consistent profile regarding who may develop tinnitus post-COVID-19 was iden- 619
tified. A range of ages was affected (6 to 98 years) and variations in gender proportions, 620
possibly attributed to different research designs. From this review, no consistent pattern 621
was identified regarding the risk of developing tinnitus. Some individuals had pre-exist- 622
ing conditions such as head trauma, asthma, diabetes, hypertension, cancer, and hearing 623
disorders, but others had no pre-existing comorbidities. COVID-19 factors that may have 624
contributed were furthermore unclear as not all individuals were tested for the presence 625
of COVID-19, and some studies relied on self-reporting. When reported, the RT-PCR test 626
was most frequently used. The severity of the COVID-19 symptoms also varied, resulting 627
in some individuals being hospitalized, ventilated, and medicated, while others sre- 628
mained at home. It is not clear from any studies as to whether the severity of the infection 629
or treatment provided for COVID-19 correlated with the tinnitus severity, presentation, 630
or duration. From 17 included studies, the estimated prevalence was 8% (CI: 5 to 13%). 631
This is between the prevalence rates reported by Almufarrij and Munro [10] of 14.8% (CL: 632
6.3 t0 26.1) and Jafari et al. [11] of 4.5% (CI: 1.2 to 15.3). All three reviews included different 633
studies due to different protocols followed but provide some insights into the possible 634
expected prevalence from the published literature. 635
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The onset of the tinnitus post-COVID-19 was variable. This included reports of onset 636
between 1 day [52] to 7 weeks post-onset. Interestingly, Davis et al. [26] reported that the 637
incidence increased from 11.5% at 1-week post-infection to 26.2% by week 6-7 post- 638
COVID-19 and that tinnitus was one of the later symptoms to develop. Due to the preva- 639
lence of tinnitus being at least 11% [58] within the general adult population, it is difficult 640
to determine if other factors may have contributed to the tinnitus experienced. Tinnitus 641
duration also varied, with some reporting a resolution after 5 days (e. g., Liang et al. [52], 642
Ozcelik Korkmaz et al. [51], Savtale et al. [46]) and Davis et al. [26] reporting tinnitus to 643
increase in later months post COVID-19. Due to the sudden and rapid developments of 644
COVID-19, there was not always the option for large-scaled studies due to the time pres- 645
sures, and most studies were retrospective or observational cross-sectional studies. A lack 646
of longitudinal tracking regarding the progression of tinnitus was not always incorpo- 647
rated, hence identifying longer-term trajectories or the tinnitus presentations remain un- 648
known. 649

Tinnitus presentations were often not provided. Viola et al. [41] found that tinnitus 650
was more frequently recurrent and occasional as opposed to persistent and continuous, 651
but only 43 individuals were included in this study. The tinnitus location varied between 652
unilateral and bilateral presentations, although the location was often not described. It ~ 653
was not always clear whether there was pre-existing tinnitus. Beukes et al. [18] found that 654
of those with pre-existing tinnitus who contracted COVID-19 (n=237), 40% reported that 655
their tinnitus became more bothersome, 54% reported no changes to their tinnitus, and 656
6% reported improvement in their tinnitus, again indicating inconsistent consequences of 657

COVID-19 on tinnitus. 658
4.2. Characteristics of Other Auditory Vestibular Conditions 659

Although not always reported, various individuals presented with both tinnitus 660
and hearing loss, with unilateral SNHL being most commonly reported (e.g., Munro et 661

al. [40]). Variability in the hearing loss severity was also found with ranges between mild 662
to severe. Some studies reported that the hearing recovered [46,51], and others found that 663

it deteriorated between 1 to 7 weeks post-COVID-19 [26]. Dizziness and vertigo were also 664

reported, although, the prevalence was lower. These auditory symptoms were reported 665
to resolve by some and persist 6-7 months post COVID-19 by others (e.g., Davis et al. 666
[26]). Studies identifying the mechanisms and associations of these symptoms with 667
COVID-19 as well as the trajectory of these symptoms are required. 668

Although speculative, numerous pathogenesis have been proposed regarding the 669
possible association between hearing loss and the SARS-CoV-2 virus. Findings by 670

Daikhes et al. [28], Freni et al. [43] and Swain and Pani [47] regarding reduced TEOAE 671
amplitudes have been supported by Mustafa [59] who found that high-frequency pure- 672

tone thresholds and TEOAE amplitudes were significantly worse in 20 asymptomatic 673
COVID-19 PCR-positive cases when compared with 20 normal non-infected partici- 674
pants. This indicates that the SARS-CoV-2 virus could affect cochlear outer hair cell 675
functioning. Further suggested mechanisms suggest that the SARS-CoV-2 infection to- 676
gether with serotonin release and blood coagulation, may intertwine to activate platelets 677
and drive SSNHL [60]. Excessive cytokine release and/ or ischemic damage from throm- 678
bosis, are furthermore suggested to increase oxidative damage resulting in permanent 679
hearing damage [61]. 680
4.3. The Impact of the Pandemic on Tinnitus Experiences 681
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A wide range of individuals reporting tinnitus during the pandemic was identified 682
with variations in gender divides. Overall, these studies found that tinnitus severity often 683
increased during the pandemic, but not for all individuals. Stress, neuroticism, and anxi- 684
ety were identified as contributing factors [55-56]. Beukes et al. [18] found that tinnitus 685
was significantly more bothersome during the pandemic for females and younger adults 686
under the age of 50. Additional mediating factors significantly exacerbated tinnitus in- 687
cluded self-isolating, experiencing loneliness, sleeping poorly, and reduced levels of ex- 688
ercise. Increased depression, anxiety, irritability, and financial worries further signifi- 689
cantly contributed to tinnitus being more bothersome during the pandemic period. Ac- 690
cording to these studies, there is a correlation between the emotional toll of the pandemic 691
and the severity of tinnitus in participants; however, there is a need for in-depth studies 692
to determine certain factors contributing to the elevated tinnitus severity and what ther- 693
apy or tools can be provided to counteract these factors. As these studies have generally 694
included individuals who had pre-existing tinnitus, conclusions regarding the impact of 695
the pandemic on the incidence of tinnitus compared with the incidence prior to the pan- 696
demic cannot be drawn. 697

4.4. Limitations of the Evidence and Review Process 698

Although this review aimed to conclude the presentation of tinnitus, these descrip- 699
tions were generally not provided. This made concluding the risk factors, tinnitus charac- 700
teristics, progression of the tinnitus, and other audio-vestibular deficits. Due to the varia- 701
tions in what was reported and how tinnitus and or audio-vestibular difficulties were 702
measured, it made the synthesis incomplete. The results presented are limited due to var- 703
iability in study design and approach as well as inconsistent use of outcome measures. 704
Follow-up reporting was also poor. Clear descriptions of tinnitus were not provided inall = 705
the studies, making synthesis of the studies difficult. Only a few of the studies for instance 706
specifically described the tinnitus or investigated the onset, duration, severity, character- 707
istics, and psychological impact thereof. Although overall the study quality was fair and 708
represented unbiased reports, quality was compromised as all but three studies had no 709
control or comparator group. Furthermore, self-reported assessment measures were gen- 710
erally included relying on participant’s recall of symptoms and progression. Further fac- 711
tors of bias included questionnaire distribution through tinnitus associations which could 712
furthermore inflate pooled estimates of tinnitus or only participants from one region. 713

4.5. Implications for Practice, Policy, and Future Research 714

These findings have important implications for clinical services. As identified by Al- 715
mufarrij and Munro [10], tinnitus is the most prevalent audio-vestibular symptom (14.8%) 716
post COVID-19. Health professionals who may be involved with COVID-19 patients 717
should be mindful that contacting COVID-19 may lead to tinnitus and other audiovestib- 718
ular difficulties and such individuals should be directed to appropriate care. The 719
COVID-19 pandemic undoubtedly disrupted and transformed usual healthcare services. 720
Raising greater awareness among healthcare providers is required, due to the impact the 721
COVID-19 virus and wider pandemic factors have on tinnitus and other audiological con- 722
ditions. Despite studies identifying bothersome tinnitus, most did not discuss how tinni- 723
tus was managed. Xia et al. [56] mentioned that educational counselling that was normally 724
helpful, was not as effective for those with bothersome tinnitus during the pandemic. 725
They put this down to needing management strategies that addressed anxiety and the 726
increased stress during the pandemic. Those presenting with bothersome tinnitus during 727
the pandemic or post COVID-19 may thus require different tinnitus management ap- 728
proaches. 729

Those with tinnitus often mention that they are unsupported as healthcare profes- 730
sionals are not understanding of the difficulties they face due to tinnitus and hearing loss 731
[62-63]. Educating healthcare professionals specifically question experiences of any such 732
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symptoms, so that these individuals can be directed to the most appropriate care. Patient 733
associations and audiologists should also be available to reassure and help those now ex- 734
periencing tinnitus or with more bothersome tinnitus. Specific needs of those with tinnitus 735
identified during the COVID-19 pandemic can be used by healthcare providers to shape 736
future tinnitus services. These include a wider range of support for tinnitus and hearing- 737
related difficulties, including more affordable hearing healthcare such as hearing aids and 738
hearing protection. Those with tinnitus furthermore desire means of social support and 739
education to the general population regarding the impact of tinnitus [62-63]. They also 740
indicated the need for support to better deal with the increased stress and anxiety related 741
to the pandemic. Individuals with tinnitus indicated that tinnitus-related research should 742
be prioritized including searching for tinnitus cures. Overall, there is a need for (a) un- 743
derstanding professional support and access to multidisciplinary experts, (b) a greater 744
range of therapies and resources, (c) access to more information about tinnitus, (d) prior- 745
itizing tinnitus research, and (e) more support for hearing protection and hearing loss 746
prevention. Patient organizations and professionals should be encouraged to work to- 747
gether to provide improved outlets for tinnitus care. Most importantly, digital therapeu- 748
tical approaches should be prioritized to provide psychological interventions to those suf- 749
fering from tinnitus and not able to access services due to demand on healthcare as well 750
as not having access to services such as these, which are seen as low priority by hearing 751
healthcare professionals during the pandemic [64]. Several studies across the globe have 752
demonstrated the efficacy and effectiveness of Internet-based cognitive behavioral ther- 753
apy (ICBT) for tinnitus [65-68], although not many programs are available for individuals. 754
For this reason, clinicians and policymakers need to consider alternative ways of offering 755
tinnitus services using teleaudiology approaches. 756

The wider pandemic effect, such as the impact of the use of non-transparent face 757
masks hampering lip-reading and face coverings reducing the acoustic transmission, at- 758
tenuating the sound, and preventing lip reading makes it difficult for those with auditory 759
difficulties, especially those with greater difficulties e.g., cochlear implant users. A study 760
of 59 patients with hearing loss attending hospital appointments in Italy, indicated that 761
37% reported moderate, 24% severe hearing difficulties [69]. These difficulties may con- 762
tribute to the reports of increased anxiety during the pandemic for individuals with hear- 763
ing loss, as demonstrated by a study focusing on 56 Iranian hard of hearing and deaf ad- 764
olescence [70]. Support of those with hearing loss and other auditory symptoms is thus 765
required. 766

While the current literature provides some early understanding of the link between 767
COVID-19 and tinnitus, due to limitations in terms of study design as well as issues with 768
reporting of study findings, the conclusions drawn from this review are preliminary. 769

5. Conclusions 770

This review has been helpful in identifying the impact of both COVID-19 and the 771
pandemic on tinnitus. Findings were limited to the quality of the research presented. This 772
review identified a need for consistency in reporting and gathering data to be able to syn- 773
thesis information. This review provides a foundation on which further robust research 774
can be designed. What is important is investigating the mechanisms of these changes. It 775
is not known if tinnitus and hearing loss can be directly attributed to the COVID-19 virus 776
or whether they are attributed to other factors. These may include the impact of receiving 777
critical care including ototoxic medications [71], especially for those with a possible 778
greater vulnerability to ototoxicity [72]. The precise pathophysiological mechanisms caus- 779
ing tinnitus and other auditory-related symptom remain unclear and more research isre- 780
quired to further investigate these mechanisms. 781
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