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Abstract 

Background  Previous studies indicated that the SARS-CoV-2 virus and COVID-19 vaccines may contribute to idi-
opathic sudden sensorineural hearing loss (ISSNHL). This nationwide study sought to evaluate the correlation 
between COVID-19 infection and vaccination with ISSNHL.

Methods  This case–control study analysed samples from adults aged 18 years and older who visited the otorhino-
laryngology department in 32 government hospitals in Malaysia for pure tone audiometry(PTA) between January 25, 
2020 and June 30, 2022. Cases comprised patients diagnosed with ISSNHL, while controls consisted of individu-
als with normal PTA assessments presenting for other otorhinolaryngology-related symptoms during the same 
period. Patients with known causes of hearing loss were excluded. Cases and controls were matched in a 1:5 
ratio based on age (± 5 years) and index date (± 10 days). The study investigated the association between ISSNHL 
and both COVID-19 vaccination and COVID-19 infection using conditional logistic regression, with statistical signifi-
cance set at P < 0.05 for two-sided tests.

Results  A total of 187 ISSNHL cases and 935 matched controls were included. The mean (SD) age of participants 
was 42.4 (12.3) years, and 704 (62.7%) were female. Cases had a higher proportion of COVID-19 infections compared 
to controls [16 (8.6%) vs 44 (4.7%), P = 0.034], while both groups had similar proportions of COVID-19 vaccination [90 
(48.1%) vs 415 (44.5%), P = 0.377]. Individuals who tested positive for COVID-19 had a significantly higher likelihood 
of developing ISSNHL compared to those without COVID-19 infection at the time of diagnosis (aOR:2.49; 95% CI:1.176 – 
5.260; P = 0.017). However, there was no statistically significant association between COVID-19 vaccination and ISSNHL.

Conclusions  This study provides significant insights into the intricate correlation between ISSNHL, COVID-19 infec-
tion, and vaccination. The recognized hazard linked to infection emphasizes the significance of monitoring auditory 
health in COVID-19 patients.
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Background
Infection with viruses like the cytomegalovirus (CMV), 
mumps, and Epstein-Barr virus has been linked to sen-
sorineural hearing loss [1–3], especially in the pedi-
atric population. It is believed that CMV triggers an 
immune-mediated response that leads to sudden onset 
sensorineural hearing loss (SSNHL) [2]. Furthermore, 
researchers have shown that varicella zoster virus impairs 
the vestibulocochlear nerve [4], and rubella directly dam-
ages the cochlear epithelium and stria vascularis [5]. 
Meanwhile, available evidence suggests that SARS-CoV-2 
virus may result in a range of audiovestibular symptoms, 
such as tinnitus, balance disorders, and varying degrees 
of sensorineural hearing loss [6, 7]. Systematic review 
and meta-analysis have described that about one-third 
of SSNHL patients were found to be positive for COVID-
19 at the time of presentation in 2020–2021 [8]. Despite 
studies from various parts of the world investigating 
the link between SSNHL and SARS-CoV-2 virus, good-
quality evidence from the Southeast Asia region is scarce. 
Accordingly, more clinical data from one of the world’s 
fastest-growing regions is needed since we understood 
that COVID-19 presentations were different across geo-
graphical variations [9]. COVID-19 vaccines, like any 
other vaccine, have been reported to have both local and 
systemic side effects. Pain, itchiness, paresthesia, and 
joint or muscle discomfort at the injection site were the 
prevalent local side effects, whereas fever, chills, tired-
ness, headache, nausea, myalgia, pyrexia, and dyspnea 
were the common systemic side effects [10]. Aside from 
that, studies had also reported SSNHL among patients 
who received COVID-19 vaccination [11–15]. Databases 
of post-vaccination adverse events from several western 
nations revealed that there were recorded cases of hear-
ing loss after COVID-19 vaccination [16, 17]. This study 
aims to address these gaps by exploring the association 
between COVID-19 infection, COVID-19 vaccination, 
and idiopathic SSNHL (ISSNHL), specifically within the 
context of Malaysia. By doing so, we contribute to under-
standing the broader spectrum of COVID-19’s impact 
on auditory health and enable timely interventions for 
improved prognosis [18].

Methods
Study design and participants
This nationwide case–control study was conducted at 
32 government hospitals in Malaysia, involving adults 
aged 18 years or older who visited the otorhinolaryngol-
ogy department and underwent pure tone audiometry 
(PTA) assessment. Patients were recruited once through-
out the study period, either as cases or controls. Cases 
included patients diagnosed with ISSNHL who exhibited 

an abnormal PTA assessment result. The index date for 
the cases was defined as the date of their first abnormal 
PTA assessment result. Controls were individuals who 
presented to the otorhinolaryngology department for 
other otorhinolaryngology-related symptoms and con-
sistently exhibited normal PTA assessments throughout 
the study period. Consistent with the cases, the index 
date of the controls was defined as the date of their first 
normal PTA assessment result. The case was classified 
as idiopathic if no underlying cause was identified after 
completing a comprehensive investigation protocol for 
sensorineural hearing loss [19]. This protocol included a 
wide range of diagnostic evaluations such as radiographic 
imaging, laboratory testing, vestibular assessments, and 
other relevant tests. Patients with known causes of hear-
ing loss, such as noise-induced hearing loss, presbycusis, 
trauma, tumors, autoimmune diseases, and infections, 
were excluded as cases.

Case–control design
Controls were matched to cases in a 5:1 ratio based 
on age (± 5  years) and index date (± 10  days). Age was 
matched because age is a known risk factor for sensori-
neural hearing loss [20]. This matching process allowed 
us to eliminate any potential bias between age groups. 
Simultaneously, the index date was included for match-
ing, as it was crucial due to the variation over different 
time periods on the trends of COVID-19 vaccination and 
SARS-CoV-2 virus variants.

Matching was conducted using the ccoptimalmatch R 
package to ensure optimal pairing, allowing each case to 
be paired with the most suitable control among all pos-
sible matches [21]. We matched controls without replac-
ing them, ensuring each control can only be allocated to 
a single case.

Exposures
The exposures of interest were COVID-19 infection and 
COVID-19 vaccination. Data on the number of doses of 
COVID-19 vaccination administered to each patient at 
the time of their recruitment as either cases or controls 
were collected. Vaccination status was categorized into 
two categories: primary risk, referring to the most recent 
dose administered within 28 days before the index date, 
and secondary risk, referring to the dose administered 
more than 28 days before the index date. A 28-day cut-off 
was chosen because adverse events within this timeframe 
were deemed most likely related to the vaccine [22].

The COVID-19 infection was ascertained by reverse 
transcription polymerase chain reaction (RT-PCR) or 
antigen rapid test kit (RTK-Ag) for SARS-CoV-2 on 
respiratory specimens, comprising samples from the 
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nasopharynx and/or saliva. We determined the date 
of the COVID-19 infection by referring to the most 
recent positive SARS-CoV-2 test sample date before the 
index date. The COVID-19 infection status was further 
characterized into primary and secondary risk periods 
based on a cut-off value of 30 days [23].

The severity of COVID-19 infection was stratified 
into two clinical categories: Category 2a and below, 
encompassing patients with mild symptoms like sore 
throat, running nose, cough, loss of taste, and loss of 
smell; and Category 2b and above, comprising patients 
requiring medical intervention or hospitalization due 
to symptoms such as prolonged fever lasting two or 
more days, shortness of breath, chest pain, and worsen-
ing lethargy [24].

Outcomes
All patients with the primary outcome of ISSNHL were 
recruited as cases in this study. In this study, ISSNHL 
was defined as the rapid onset of hearing impairment in 
either ear, characterized by a pure-tone average of hearing 
thresholds at 0.5, 1.0, 2.0, and 4.0 kHz equal to or greater 
than 30-dB, affecting at least three consecutive frequen-
cies, occurring within a 3-day window and of unknown 
etiology [25]. Controls were defined as individuals with a 
pure-tone average of hearing thresholds at 0.5, 1.0, 2.0, and 
4.0 kHz less than 25-dB hearing level in both ears during 
the study period. Secondary outcomes included the sever-
ity of ISSNHL classified according to Centers for Disease 
Control and Prevention (CDC) classifications [26], treat-
ment for ISSNHL, and level of recovery assessed using 
modified Siegel’s criteria [27] at the 1-month follow-up.

Data sources
Data spanning from January 25, 2020, to June 30, 2022, 
was collected retrospectively from 32 government hos-
pitals, including records of inpatient and outpatient 
encounters. The data was accessed either from electronic 
or paper medical records. Patient data included demo-
graphic information, date of diagnosis, comorbidities, 
clinical presentation, PTA assessment, and treatment. 
The information on exposure was extracted from the 
national COVID-19 surveillance system (MySejahtera) 
and Malaysia Vaccine Administration System (MyVAS) 
databases. Personal identification enabled linkage to 
these databases, which provided information on COVID-
19 infections, clinical classifications of COVID-19, types 
of COVID-19 vaccines administered, vaccination dates, 
and doses administered. De-identified data was used for 
analysis.

Statistical analysis
Sample size calculations were performed using G* Power 
Software 3.1.9.7 for Windows, employing the difference 
between two independent proportions model [28]. For 
the first exposure of interest, focusing on SARS-CoV-2 
infection, the COVIDNOW Malaysia Database reported 
3,777,394 confirmed COVID-19 cases from February 
2020 to June 2022, within a population of 25,340,200 [29]. 
Therefore, assuming 14.9% SARS-CoV-2 infection among 
the controls, a minimum sample size of 91 cases and 455 
controls was required to have a power of 80% (using a 
2-sided α = 0.05) to demonstrate an OR of 0.3 for SARS-
CoV-2 infection. In the second exposure of interest, the 
focus was on the SARS-CoV-2 vaccination. At the time of 
sample size calculation, approximately 24,700,000 indi-
viduals within the population had received at least one 
dose of the vaccine, resulting in a vaccination coverage of 
97.5%. To ensure adequate statistical power, a minimum 
sample size of 21 cases and 105 controls was determined 
to be necessary to achieve 80% power for detecting an 
odds ratio of 0.1 for vaccination.

Data analysis was conducted using R Statistical Soft-
ware (v4.2.2; R Core Team 2022) and the R Survival Pack-
age. Categorical variables were expressed as frequencies 
and percentages, and between-group differences were 
assessed using Fisher’s exact test or χ2 test. Continuous 
variables were presented as mean (SD), and differences 
between cases and controls were evaluated using inde-
pendent t-tests. The association between independent 
variables and ISSNHL was assessed using conditional 
logistic regression. Crude odds ratio (OR) and adjusted 
OR (aOR) were calculated. Covariates demonstrat-
ing between-group differences (P ≤ 0.25) were included 
in the regression model for calculating aORs. Gender, 
COVID-19 infection, and the status of COVID-19 doses 
received were included in the adjusted model. Statistical 
significance was set at P < 0.05 for two-sided tests.

Results
Demographic and clinical characteristics of the study 
population
In this study cohort, 1122 patients were included, com-
prising 187 cases and 935 controls. The cohort had 
a mean (SD) age of 42.4 (12.3) years, with 704 female 
patients (62.7%). Among them, 759 patients (67.6%) 
were Malay, and 563 (54.6%) had no medical comorbidi-
ties. Demographic and clinical characteristics stratified 
by group are detailed in Table  1. Of note, the ISSNHL 
group predominantly consisted of males and patients 
with comorbidities such as diseases of circulatory sys-
tem, genitourinary and endocrine, nutritional or meta-
bolic diseases, in comparison to controls (Table  1). 
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Table 1  Demographic and clinical characteristics of the study population

a Independent t-test was performed
b Chi-square test was performed
c Others, inclusive Bumiputera Sabah, Bumiputera Sarawak, foreigner, Sikh, Orang Asli
d Fisher’s exact test was performed
e Others, inclusive disease of the blood or blood-forming organs, diseases of the visual system and sleep–wake disorders
f Others, inclusive disease of the blood or blood-forming organs, diseases of the immune system, mental. behavioural or neurodevelopmental disorder, diseases of the 
visual system, diseases of the skin, pregnancy, childbirth or the puerperium, developmental anomalies, symptoms, signs or clinical findings, not elsewhere classified, 
certain infectious or parasitic diseases, sleep–wake disorders

Variables Overall (n = 1122) ISSNHL (n = 187) Control (n = 935) p- value

Age, y 0.71a

Mean (SD) 42.4(12.3) 42.7(12.5) 42.3(12.3)

Gender, n (%)  < 0.001b

  Male 418(37.3) 96(51.3) 322(34.4)

  Female 704(62.7) 91(48.7) 613(65.6)

Ethnicity, n (%) 0.020b

  Malay 759(67.6) 134(71.7) 625(66.8)

  Chinese 167(14.9) 33(17.6) 134(14.3)

  Indian 119(10.6) 16(8.6) 103(11)

  Othersc 77(6.9) 4(2.1) 73(7.8)

Comorbid, n (%)

  No medical comorbid 563(54.6) 108(57.8) 455(53.8) 0.37d

Diseases of circulatory system, n (%)

  Yes 229(22.2) 58(31.0) 171(20.2) 0.002d

  No 803(77.8) 129(69.0) 674(79.8)

Diseases of genitourinary system, n (%)  < 0.001b

  Yes 23(2.2) 11(5.9) 12(1.4)

  No 1009(97.8) 176(94.1) 833(98.6)

Endocrine, nutritional or metabolic diseases, n (%)  < 0.001d

  Yes 193(18.7) 58(31.0) 135(16.0)

  No 839(81.3) 129(69.0) 710(84.0)

Neoplasm, n (%) 0.38b

  Yes 26(2.5) 3(1.6) 23(2.7)

  No 1006(97.5) 184(98.4) 822(97.3)

Diseases of nervous system, n (%) 0.30b

  Yes 21(2.0) 2(1.1) 19(2.2)

  No 1011(98.0) 185(98.9) 86(97.8)

Diseases of respiratory system, n (%) 0.40b

  Yes 51(4.9) 7(3.7) 44(5.2)

  No 981(95.1) 180(96.3) 801(94.8)

Diseases of digestive system, n (%) 0.49b

  Yes 17(1.6) 2(1.1) 15(1.8)

  No 1015(98.4) 185(98.9) 830(98.2)

Diseases of musculoskeletal system, n (%) 0.90b

  Yes 12(1.2) 2(1.1) 10(1.2)

  No 1020(98.8) 185(98.9) 835(98.8)

Others, n (%)

  Yes 53(5.1) 3(1.6)e 50(5.9)f 0.016

  No 979(94.9) 184(98.4) 795(94.1)
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The presenting symptoms, hearing loss characteristics, 
and outcomes of patients with ISSNHL are detailed in 
Table 2.

History of COVID‑19 infection and COVID‑19 vaccination 
among patients with ISSNHL and control
In the overall study population, 60 patients (5.4%) were 
diagnosed with COVID-19 infection. The proportion of 

patients diagnosed with COVID-19 was higher in the 
ISSNHL group compared to the control group ([16 (8.6%) 
vs 44 (4.7%), P = 0.034]. There were no statistical signifi-
cant differences in the severity of COVID-19 infection 
and risk periods between patients in the ISSNHL group 
and the control group (Table 3).

Of the total cohort, 505 patients (45.1%) received 
COVID-19 vaccination, with 90 (48.1%) in the ISSNHL 

Table 2  Presenting symptoms, hearing loss characteristics, and outcome of patients with ISSNHL (n = 187)

a Multiple response
b Others, inclusive Augmentin, Budesonide, Pantoprazole
c 21 missing data
d 18 missing data

Variables Statistics, n (%)

Associated audiological symptomsa

  Tinnitus 150(80.2)

  Ear fullness 35(18.7)

  Vertigo 54(28.9)

  Ear pain 6(3.2)

  Blocked ears 8(4.3)

  Nausea 7(3.7)

  Vomiting 9(4.8)

Treatment useda

  Systemic steroid 125(66.8)

  Intratympanic steroid 72(38.5)

  Antiviral 11(5.9)

  Vitamin (Vitamin B, Vitamin C, Vitamin E etc.) 93(49.7)

  Betahistine 37(19.8)

  Vasoactive and hemodilution (Pentoxifylline/ Aspirin/ Dextran/ Voluven / Gingko Biloba 
etc.)

25(1.4)

  No treatment 4(2.1)

  Othersb 3(1.6)

Pure Tone Assessment (dB), M (SD) Right side Left side

  Upon diagnosis 48.36(34.7) 57.32(36.1)

  1-month post diagnosis 39.42(30.3) 48.22(33.1)

Laterality (n = 187)

  Unilateral 131(70.1)

  Bilateral 56(29.9)

Severity of affected ear/s(n = 243) Unilateral Bilateral

  Mild 29(22.1) 37(33.0)

  Moderate 14(10.7) 11(9.8)

  Moderately severe 16(12.2) 14(12.5)

  Severe 36(27.5) 21(18.8)

  Profound 36(27.5) 29(25.9)

Recovery status of affected ear/s during follow-up at 1 month Unilateralc Bilaterald

  Complete recovery 24(18.3) 20(17.9)

  Partial recovery 12(9.2) 13(11.6)

  Slight improvement 22(16.8) 5(4.5)

  No improvement 39(29.8) 45(40.2)

  Non-serviceable ear 13(9.9) 11(9.8)
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group and 415 (44.5%) in the control group. There 
were no statistical significant differences identified in 
COVID-19 vaccine recipients, the number of doses 
received, the types of vaccines received, or the vacci-
nation risk periods between patients in the ISSNHL 
group and the control group. (Table 3).

Association between ISSNHL with COVID‑19 infection 
and COVID‑19 vaccination
Individuals who tested positive for COVID-19 dis-
played a heightened likelihood of experiencing ISS-
NHL compared to those without COVID-19 infection 
(aOR:2.49; 95% CI:1.176 – 5.260; P = 0.017). The 
study’s findings revealed that males exhibited 2.03 
times higher odds of developing ISSNHL in com-
parison to females (aOR: 2.03; 95% CI: 1.479–2.795; 
P < 0.001). There was no observed association between 
COVID-19 vaccination status and ISSNHL as deline-
ated in Table 4.

Discussion
In this study, we aimed to assess the association between 
COVID-19 infection and COVID-19 vaccination with 
ISSNHL. Despite a plethora of research studies on the 
effects of SARS-CoV-2 on hearing loss, it is still unclear 
whether it represents an actual risk factor for the devel-
opment of ISSNHL. The available evidence is discordant 
and inconclusive, with high heterogeneity among studies.

Despite some studies concluding that the evidence 
on incidence change in SSNHL between pre-pandemic 
and pandemic periods was inconsistent and contradic-
tory due to the overall low quality of available stud-
ies [8, 30], our findings revealed a noteworthy twofold 
higher risk of ISSNHL among individuals with COVID-
19 infection at the time of diagnosis. This aligns with 
emerging evidence suggesting a potential link between 
SARS-CoV-2 infection and auditory complications 
[31–33]. Moreover, the increasing incidence of ISSNHL 
during the COVID-19 pandemic compared to the pre-
pandemic period, as reported by Kandakure et al. [34] 
and Wagatsuma et  al. [35] further suggests a possible 

Table 3  History of COVID-19 infection and COVID-19 vaccination among patients with ISSNHL and control

Variables Overall ISSNHL Control p-value

N n (%) N n (%) N n (%)

COVID 19 Infection
COVID-19 infection at time of PTA screening 1122 187 932 0.034

  Yes 60(5.4) 16(8.6) 44(4.7)

  No 1059(94.6) 171(91.4) 888(95.3)

COVID-19 severity throughout COVID-19 infection 39 11 28 0.31

  Category 2a and below 35(89.7) 9(81.8) 26(92.9)

  Category 2b and above 4(10.3) 2(18.2) 2(7.1)

COVID-19 risk periods 60 16 44 0.62

  Primary risk 9(15.0) 3(18.8) 6(13.6)

  Secondary risk 51(85.0) 13(18.3) 38(86.4)

COVID-19 Vaccination
Received COVID-19 vaccination 1119 187 932 0.38

  Yes 505(45.1) 90(48.1) 415(44.5)

  No 614(54.9) 97(51.9) 517(55.5)

Number of doses received 505 90 415 0.17

  Complete Primary Series 292(57.8) 59(65.6) 233(56.1)

  Incomplete Primary Series 41(8.1) 8(8.9) 33(8.0)

  Complete Booster 172(34.1) 23(25.6) 149(35.9)

Type of vaccines received 505 90 415 0.097

  COMIRNATY​ 320(63.4) 61(67.8) 259(62.4)

  CoronoVac 85(16.8) 19(21.1) 66(15.9)

  Ad26.COV2.S 45(8.9) 3(3.3) 42(10.1)

  Combination of vaccines 55(10.9) 7(7.8) 48(11.6)

Vaccination risk periods 505 90 415 0.15

  Primary risk 96(19.0) 22(24.4) 74(17.8)

  Secondary risk 409(81.0) 68(75.6) 341(82.2)
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connection between COVID-19 and ISSNHL. In addi-
tion, Kilic et al. [36] described that SSNHL may be the 
first symptom of COVID-19, advocating for SARS-
CoV-2 screening in SSNHL patients. Similarly, children 
have also shown observations of manifesting hear-
ing loss following COVID-19 infection [37]. Building 
upon the existing evidence, our study demonstrated a 
male predilection for ISSNHL, in line with most stud-
ies and in accordance with what is already known about 
SSNHL [8, 25].

Previous research has postulated three main mecha-
nisms leading to the occurrence of SSNHL associ-
ated with SARS-CoV-2 infection. The first mechanism 
involves the virus’s affinity for the angiotensin-converting 
enzyme 2 (ACE2) receptor, which allows it to damage the 
blood-labyrinth barrier and invade inner ear structures 
[38, 39]. The second mechanism is the activation of the 
inflammatory process and excessive oxidative stress due 
to the production of reactive oxygen species and proin-
flammatory cytokines, especially associated with severe 
COVID-19 infection, which may lead to indirect dam-
age to the inner ear [40]. The third proposed mechanism 
is that the SARS-CoV-2 can trigger neuroinflammatory 
mechanisms, leading to sensory impairments (including 
auditory and vestibular) in the brainstem [41].

The COVID-19 vaccination has been highly effective 
in preventing SARS-CoV-2 infection and reducing the 
risk of virus transmission. Despite the emergence of new 
variants, the COVID-19 vaccines are still found to be 
beneficial in averting severe illness, including hospitaliza-
tions and deaths [42]. Addressing vaccine hesitancy aris-
ing from the fears of hearing loss is therefore crucial to 
ensure the continued success of vaccination campaigns. 
Unfavourably, Avci et al. [43] demonstrated that the inci-
dence of hearing loss may be higher after inactivated 
COVID-19 vaccination in patients who had already con-
tracted COVID-19, especially within the past 6 months, 
as compared to patients without COVID-19 infection. 
Our study aimed at supplementing available evidence 
regarding the risk of hearing loss after COVID-19 vacci-
nations. Furthermore, there were no particular clinical or 
demographic risk factors delineated for individuals suf-
fering from SSNHL [16].

Showing favourable outcome, we found no significant 
link between COVID-19 vaccination and ISSNHL at the 
population level, which is reassuring given widespread 
concerns about the potential adverse effects of COVID-
19 vaccines. We delved into potential nuanced associa-
tions by considering vaccine types, the number of doses, 
and the risk period following vaccination. Encouragingly, 

Table 4  Conditional Logistic Regression between variables with ISSNHL

a OR Odd ratio; CI Confidence interval

Variables Crude OR (95% CI) p-value Adjusted OR (95% CI) p-valuea

Gender

  Female 1 - - 1 - -

  Male 1.99 (1.449, 2.719)  < 0.001 2.03 (1.479, 2.795)  < 0.001

Ethnicity

  Malay 1 - -

  Chinese 1.16 (0.749, 1.784) 0.51

  Indian 0.76 (0.432, 1.327) 0.33

  Others 0.64 (0.143, 2.910) 0.57

Comorbidities

  Yes 0.81 (0.572, 1.160) 0.26

  No 1 - -

COVID-19 Infection at time of diagnosis

  Yes 2.41 (1.160, 4.993) 0.018 2.49 (1.176, 5.260) 0.017

  No 1 - - 1 - -

Received COVID-19 vaccination at time of diagnosis

  Yes 1.89 (0.961, 3.718) 0.065

  No 1 - -

Status of COVID-19 vaccination received

  Complete primary 2.12 (1.016, 4.432) 0.045 2.10 (0.992, 4.455) 0.53

  Incomplete primary 1.75 (0.681, 4.509) 0.24 1.93 (0.751, 4.969) 0.17

  Complete booster 1.09 (0.431, 2.777) 0.85 1.10 (0.410, 2.813) 0.89

  Unvaccinated 1 - - 1 - -
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there were no statistically significant associations in any 
of these aspects. However, this is in contrast to the ret-
rospective cohort analysis with a no concurrent historic 
comparative group by Yanir et  al. [44], which suggested 
an association between the BNT162b2 mRNA COVID-19 
vaccine and an elevated risk of SSNHL. Nonetheless, our 
results align with a recent investigation by Nieminen et al. 
[45] Their extensive register-based nationwide retrospec-
tive cohort study, encompassing 5.5 million Finnish resi-
dents, found no association between various COVID-19 
vaccines and SSNHL incidence. Similarly, United States 
showed a comparable rate of reported SSNHL following 
vaccinations between the three COVID-19 vaccine types 
(Ad26.Cov2.S [Janssen/Johnson & Johnson], mRNA-1273 
[Moderna], and BNT162b2 [Pfizer-BioNTech]) [16].

A notable strength of our study lies in the adherence to 
a robust investigation protocol for ISSNHL [19], ensur-
ing consistency and standardization in diagnosis. Besides 
that, by matching the case and control groups based on 
age and index date, bias is minimized and comparability 
between the groups are enhanced. Moreover, the nation-
wide scope and large sample size augment the statistical 
power and generalizability of our results.

Limitations
Despite the above strengths, our study also has limitations 
including the inability to rule out past or current asympto-
matic infections, which may have led to an underestimation 
of the reported strength of the association. Additionally, the 
retrospective design and reliance on medical records could 
introduce information bias. Given that COVID-19 is asso-
ciated with long-term complications, a longitudinal cohort 
study would be useful to assess the incidence of ISSNHL 
over time in COVID-19 survivors.

Conclusions
In conclusion, our study demonstrates a significant associa-
tion between COVID-19 infection and ISSNHL, particularly 
among males, while showing no significant link between 
COVID-19 vaccination and ISSNHL. These findings under-
score the importance of monitoring auditory health in 
COVID-19 patients and support the continued safety of 
COVID-19 vaccines. Future research should explore the 
long-term implications of COVID-19 on hearing function 
to better guide public health strategies and patient care.

Abbreviations
ISSNHL	� Idiopathic sudden sensorineural hearing loss
PTA	� Pure tone audiometry
SNHL	� Sensorineural hearing loss
SSNHL	� Sudden sensorineural hearing loss
RT-PCR	� Reverse transcription polymerase chain reaction
RTK-Ag	� Antigen rapid test kit

Acknowledgements
We would like to express our sincere gratitude to Digital Health Division, 
Ministry of Health Malaysia for data collection contributions. We would like 
to thank the Director General of Health Malaysia for his permission to publish 
this article.
Jawatankuasa Teknikal Audiologi (JKTA): Mazly Helmy Sulaiman, Aqma 
Nadira Mohd Yusof, Nor Hidayah Mohammed Hatta, Kamarul Akmal Ishak, Siti 
Suraya Mohamad Noor, Norsyakirah Mohamed Noordin, Wan Suhaila Wan 
Husain, Noor Izyani Othman, Masitah Jaafar,Mohd Zulkarnain Azali,Noor Sya-
zwani Warrmal,Siti Nadrah Zahir,Roshila Bujang,Nur Izzati Md Nawawi, ‘Ainul 
Naquiah Mad Nordin, Afifah Mat Asin, Nurhidayah Mat Noor, Marlia Mardiana 
Mokhtar, Farah Hazwani Mohammed Danial, Merlinda Bernand, Nurlaili 
Kamarulzaman, Nur Aishah Nadjwa Noor Azhar, Juliana Samsudin, I Dee Tan, 
Mohamad Azmeer Sadali, Muhammad Nabil Mohd Drauff, Farah Nur Asyiqin 
Mohamad Sabri, Nik Syarina Mohd Ramli, Maznah Ma’amor, Rohaizatul Mat 
Yaacob, Zulaikha Eliya Mat Razali, Siti Hasnida Mohd Zainuddin.
ORL Working Group: Nor Idayu Mohd Yusof, R Komathi, Mohd Shaiful Nizam, 
Mamat Nasir, Sandie Ewe Lian See, Kit Chow Tuck, Ahmad Hafiz Ali, Muham-
mad Nasri Abu Bakar, Haw Lim Eng, Siti Nurfarhana Mohd Arif, Yi Yeoh Xing, 
Sitti Farhana Johari, Syafiq Tumaran, Sharir Asrul Asnawi, Andrew Charles 
Gomez Junior, Zubaidah Hamid, Mohd Firdaus Shamsuddin, Nurul Farahiyah 
Abdullah, Sui Teng Tan, Wan Nabila Wan Mansor, Sakina Mohd Saad, Izny 
Hafiz Zainon, Nur Syazwani Mohd Salehuddin, Nik Khairani Nik Mohd,Adam 
Mohamad, Siti Halimahtun Sahab, Lee Chin Lee, Hafeza Ahmad, Winton 
Chong.

Authors’ contributions
NSAR and SYL analysed the data. NSAR, LXJ, and LEL drafted the manuscript. 
LXJ and LEL revised the data analysis. LCC and PRD edited the manuscript. 
NAA and PRD provided the study design advice and guidance. All authors 
read, reviewed and approved the manuscript.

Funding
The author(s) received no financial support for the research, authorship, and/ 
or publication of this article.

Data availability
The datasets generated during the current study are not publicly available 
due to the need for confidentiality but are available from the corresponding 
author on reasonable request.

Declarations

Ethics approval and consent to participate
This matched case-control study was approved by the Medical Research and 
Ethics Committee, Ministry of Health Malaysia (NMRR ID-22-01122-JC4) with a 
waiver of informed consent granted due to the utilization of secondary data. 
This study was conducted in accordance with the Malaysian NIH Guidelines 
for Conducting Research in the MOH Institutions & Facilities 3rd Edition 2021.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Clinical Research Centre, Level 4, Ambulatory Care Centre (ACC), Hospital 
Raja Permaisuri Bainun, Jalan Raja Ashman Shah, Ipoh, Perak 30450, Malaysia. 
2 School of Medicine, Faculty of Health and Medical Sciences, Taylor’s Uni-
versity, Subang Jaya, Selangor, Malaysia. 3 Otorhinolaryngology Department, 
Hospital Raja Permaisuri Bainun, Ministry of Health, Ipoh, Malaysia. 4 Universiti 
Malaya, Kuala Lumpur, Wilayah Persekutuan, Malaysia. 

Received: 7 August 2024   Accepted: 4 February 2025



Page 9 of 9Abdul Rahim et al. BMC Public Health          (2025) 25:920 	

References
	1.	 Cohen BE, Durstenfeld A, Roehm PC. Viral Causes of Hearing Loss: 

A Review for Hearing Health Professionals. Trends in Hearing. 
2014;18:233121651454136.

	2.	 Schraff SA, Schleiss MR, Brown DK, Meinzen‐Derr J, Choi KY, Greinwald 
JH, et al. Macrophage inflammatory proteins in cytomegalovirus‐related 
inner ear injury. Otolaryngol--head neck surg. 2007;137:612–8.

	3.	 Lindsay JR, Davey PR, Ward PH. LXVII Inner Ear Pathology in Deafness Due 
to Mumps. Ann Otol Rhinol Laryngol. 1960;69:918–35.

	4.	 Sweeney CJ. NOSOLOGICAL ENTITIES?: Ramsay Hunt syndrome. J Neurol 
Neurosurg Psychiatry. 2001;71:149–54.

	5.	 Töndury G, Smith DW. Fetal rubella pathology. J Pediatr. 1966;68:867–79.
	6.	 Karimi-Galougahi M, Naeini AS, Raad N, Mikaniki N, Ghorbani J. Vertigo 

and hearing loss during the COVID-19 pandemic – is there an associa-
tion? Acta Otorhinolaryngol Ital. 2020;40:463–5.

	7.	 Chirakkal P, Al Hail AN, Zada N, Vijayakumar DS. COVID-19 and Tinnitus. 
Ear Nose Throat J. 2021;100 2_suppl:160S-162S.

	8.	 Frosolini A, Franz L, Daloiso A, de Filippis C, Marioni G. Sudden Sensori-
neural Hearing Loss in the COVID-19 Pandemic: A Systematic Review and 
Meta-Analysis. Diagnostics (Basel). 2022;12:3139.

	9.	 Kadirvelu B, Burcea G, Quint JK, Costelloe CE, Faisal AA. Variation in 
global COVID-19 symptoms by geography and by chronic disease: A 
global survey using the COVID-19 Symptom Mapper. eClinicalMedicine. 
2022;45:101317.

	10.	 Dhamanti I, Suwantika AA, Adlia A, Yamani LN, Yakub F. Adverse Reactions 
of COVID-19 Vaccines: A Scoping Review of Observational Studies. IJGM. 
2023;16:609–18.

	11.	 Apeksha K, Dharmarajan S, Vijayasarathy S, Shree V. COVID-19 Vaccination 
and Sudden Sensorineural Hearing Loss: A Case Study. Indian J Otolaryn-
gol Head Neck Surg. 2023;75:532–4.

	12.	 Tsetsos N, Poutoglidis A, Vlachtsis K, Kilmpasanis A, Gougousis S. Sudden 
Sensorineural Hearing Loss Following the Second Dose of COVID-19 Vac-
cine. Cureus. 2021. https://​doi.​org/​10.​7759/​cureus.​17435.

	13.	 Jeong J, Choi HS. Sudden sensorineural hearing loss after COVID-19 vac-
cination. Int J Infect Dis. 2021;113:341–3.

	14.	 Pisani D, Leopardi G, Viola P, Scarpa A, Ricciardiello F, Cerchiai N, et al. Sud-
den sensorineural hearing loss after covid-19 vaccine; A possible adverse 
reaction? Otolaryngology Case Reports. 2021;21: 100384.

	15.	 Asadi M, Naderi D, Jahanshahi F. Sudden sensorineural hearing loss after 
receiving an inactivated viral vaccine, Sinopharm: Two-case report. SAGE 
Open Medical Case Reports. 2023;11:2050313X231191237.

	16.	 Formeister EJ, Wu MJ, Chari DA, Meek R, Rauch SD, Remenschneider AK, 
et al. Assessment of Sudden Sensorineural Hearing Loss After COVID-19 
Vaccination. JAMA Otolaryngol Head Neck Surg. 2022;148:307.

	17.	 Thai-Van H, Valnet-Rabier M-B, Anciaux M, Lambert A, Maurier A, Cottin 
J, et al. Safety Signal Generation for Sudden Sensorineural Hearing Loss 
Following Messenger RNA COVID-19 Vaccination: Postmarketing Surveil-
lance Using the French Pharmacovigilance Spontaneous Reporting 
Database. JMIR Public Health Surveill. 2023;9: e45263.

	18.	 Tripathi P, Deshmukh P. Sudden Sensorineural Hearing Loss: A Review. 
Cureus. 2022. https://​doi.​org/​10.​7759/​cureus.​29458.

	19.	 Bhattacharyya AK, Thaj J. Investigation Protocol for Sensorineural 
Hearing Loss. An International Journal of Otorhinolaryngology Clinics. 
2010;2:107–12.

	20.	 Rauch SD. Idiopathic Sudden Sensorineural Hearing Loss. N Engl J Med. 
2008;359:833–40.

	21.	 Mamouris P, Nassiri V, Molenberghs G, van den Akker M, van der Meer J, 
Vaes B. Fast and optimal algorithm for case-control matching using reg-
istry data: application on the antibiotics use of colorectal cancer patients. 
BMC Med Res Methodol. 2021;21:62.

	22.	 Harris DA, Hayes KN, Zullo AR, Mor V, Chachlani P, Deng Y, et al. Compara-
tive Risks of Potential Adverse Events Following COVID-19 mRNA Vaccina-
tion Among Older US Adults. JAMA Netw Open. 2023;6: e2326852.

	23.	 Hampshire A, Azor A, Atchison C, Trender W, Hellyer PJ, Giunchiglia V, et al. 
Cognition and Memory after Covid-19 in a Large Community Sample. N 
Engl J Med. 2024;390:806–18.

	24.	 Annex 2m: Guideline on Home Monitoring and Management of Con-
firmed COVID-19 Case at COVID-19 Assessment Centre in Primary Care 
3rd Revision. 2022.

	25.	 Chandrasekhar SS, Tsai Do BS, Schwartz SR, Bontempo LJ, Faucett EA, 
Finestone SA, et al. Clinical Practice Guideline: Sudden Hearing Loss 
(Update). Otolaryngol--head neck surg. 2019;161.

	26.	 Michels TC, Duffy MT, Rogers DJ. Hearing Loss in Adults: Differential 
Diagnosis and Treatment. Am Fam Physician. 2019;100:98–108.

	27.	 Cheng Y-F, Chu Y-C, Tu T-Y, Shiao A-S, Wu S-L, Liao W-H. Modified Siegel’s 
criteria for sudden sensorineural hearing loss: Reporting recovery 
outcomes with matched pretreatment hearing grades. J Chin Med Assoc. 
2018;81:1008–12.

	28.	 Faul F, Erdfelder E, Buchner A, Lang A-G. Statistical power analyses using 
G*Power 3.1: Tests for correlation and regression analyses. Behavior 
Research Methods. 2009;41:1149–60.

	29.	 COVIDNOW in Malaysia. https://​covid​now.​moh.​gov.​my/.
	30.	 Meng X, Wang J, Sun J, Zhu K. COVID-19 and Sudden Sensorineural Hear-

ing Loss: A Systematic Review. Front Neurol. 2022;13: 883749.
	31.	 Almufarrij I, Munro KJ. One year on: an updated systematic review of 

SARS-CoV-2, COVID-19 and audio-vestibular symptoms. Int J Audiol. 
2021;60:935–45.

	32.	 Tang M, Wang J, Zhang Q. Prevalence of hearing loss in COVID-19 
patients: a systematic review and meta-analysis. Acta Otolaryngol. 
2023;143:416–22.

	33.	 Mehraeen E, Afzalian A, Afsahi AM, Shahidi R, Fakhfouri A, Karimi K, et al. 
Hearing loss and COVID-19: an umbrella review. Eur Arch Otorhinolaryn-
gol. 2023;280:3515–28.

	34.	 Kandakure VT, Kunjumon R, Dube Y, More MS, Garje S. A Prospective 
Study on Post Covid Sudden Onset Sensory Neural Hearing Loss and Its 
Recovery. Indian J Otolaryngol Head Neck Surg. 2023;75:451–7.

	35.	 Wagatsuma Y, Daimaru K, Deng S, Chen J-Y. Hearing loss and the COVID-
19 pandemic. BMC Res Notes. 2022;15:228.

	36.	 Kilic O, Kalcioglu MT, Cag Y, Tuysuz O, Pektas E, Caskurlu H, et al. Could 
sudden sensorineural hearing loss be the sole manifestation of COVID-
19? An investigation into SARS-COV-2 in the etiology of sudden sensori-
neural hearing loss. Int J Infect Dis. 2020;97:208–11.

	37.	 Aldè M, Di Berardino F, Ambrosetti U, Barozzi S, Piatti G, Zanetti D, et al. 
Audiological and vestibular symptoms following SARS-CoV-2 infection 
and COVID-19 vaccination in children aged 5–11 years. Am J Otolaryngol. 
2023;44: 103669.

	38.	 Li W, Moore MJ, Vasilieva N, Sui J, Wong SK, Berne MA, et al. Angiotensin-
converting enzyme 2 is a functional receptor for the SARS coronavirus. 
Nature. 2003;426:450–4.

	39.	 Baig AM, Khaleeq A, Ali U, Syeda H. Evidence of the COVID-19 Virus Tar-
geting the CNS: Tissue Distribution, Host-Virus Interaction, and Proposed 
Neurotropic Mechanisms. ACS Chem Neurosci. 2020;11:995–8.

	40.	 Li Y, Li H, Fan R, Wen B, Zhang J, Cao X, et al. Coronavirus Infections in the 
Central Nervous System and Respiratory Tract Show Distinct Features in 
Hospitalized Children. Intervirology. 2016;59:163–9.

	41.	 Benghanem S, Mazeraud A, Azabou E, Chhor V, Shinotsuka CR, Claassen J, 
et al. Brainstem dysfunction in critically ill patients. Crit Care. 2020;24:5.

	42.	 Harder T, Külper-Schiek W, Reda S, Treskova-Schwarzbach M, Koch J, 
Vygen-Bonnet S, et al. Effectiveness of COVID-19 vaccines against SARS-
CoV-2 infection with the Delta (B.1.617.2) variant: second interim results 
of a living systematic review and meta-analysis, 1 January to 25 August 
2021. Eurosurveillance. 2021;26.

	43.	 Avcı H, Karabulut B, Eken HD, Faraşoğlu A, Çakil T, Çoruk S, et al. Otolar-
yngology-Specific Symptoms May Be Highly Observed in Patients With a 
History of Covid-19 Infection After Inactivated Coronavirus Vaccination. 
Ear Nose Throat J. 2023;102:715–9.

	44.	 Yanir Y, Doweck I, Shibli R, Najjar-Debbiny R, Saliba W. Association 
Between the BNT162b2 Messenger RNA COVID-19 Vaccine and the Risk 
of Sudden Sensorineural Hearing Loss. JAMA Otolaryngol Head Neck 
Surg. 2022;148:299.

	45.	 Nieminen TA, Kivekäs I, Artama M, Nohynek H, Kujansivu J, Hovi P. Sudden 
Hearing Loss Following Vaccination Against COVID-19. JAMA Otolaryngol 
Head Neck Surg. 2023;149:133.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.7759/cureus.17435
https://doi.org/10.7759/cureus.29458
https://covidnow.moh.gov.my/

	Association of COVID-19 infection and COVID-19 vaccination with idiopathic sudden sensorineural hearing loss in Malaysia: a case-control study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Study design and participants
	Case–control design
	Exposures
	Outcomes
	Data sources
	Statistical analysis

	Results
	Demographic and clinical characteristics of the study population
	History of COVID-19 infection and COVID-19 vaccination among patients with ISSNHL and control
	Association between ISSNHL with COVID-19 infection and COVID-19 vaccination

	Discussion
	Limitations

	Conclusions
	Acknowledgements
	References


