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Objective:  Determine the incidence of vestibular disorders in patients with SARS-CoV-2 compared to the control population.
Study Design:  Retrospective.
Setting:  Clinical data in the National COVID Cohort Collaborative database (N3C).
Methods:  Deidentified patient data from the National COVID Cohort Collaborative database (N3C) were queried based on variant 
peak prevalence (untyped, alpha, delta, omicron 21K, and omicron 23A) from covariants.org to retrospectively analyze the incidence 
of vestibular disorders in patients with SARS-CoV-2 compared to control population, consisting of patients without documented 
evidence of COVID infection during the same period.
Results:  Patients testing positive for COVID-19 were significantly more likely to have a vestibular disorder compared to the control 
population. Compared to control patients, the odds ratio of vestibular disorders was significantly elevated in patients with untyped 
(odds ratio [OR], 2.39; confidence intervals [CI], 2.29–2.50; P < 0.001), alpha (OR, 3.63; CI, 3.48–3.78; P < 0.001), delta (OR, 
3.03; CI, 2.94–3.12; P < 0.001), omicron 21K variant (OR, 2.97; CI, 2.90–3.04; P < 0.001), and omicron 23A variant (OR, 8.80; CI, 
8.35–9.27; P < 0.001).
Conclusions:  The incidence of vestibular disorders differed between COVID-19 variants and was significantly elevated in COVID-
19-positive patients compared to the control population. These findings have implications for patient counseling and further research 
is needed to discern the long-term effects of these findings.
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SARS-CoV-2 is a novel betacoronavirus that causes the clinical 
syndrome termed COVID-19, which caused a global pandemic 
leading to 7 million deaths worldwide. Many of the disease’s 
effects and complications have now been extensively studied 
and documented in the literature (1–3).

Within the field of otolaryngology, the most common sequelae 
associated with COVID-19 are chemosensory deficits (ie, smell 
and taste), with prevalence as high as 47.4% (4). Contributing 
authors to our current study have also investigated the prev-
alence of chemosensory deficits associated with COVID-19, 
demonstrating differences in the rate of chemosensory dysfunc-
tion between COVID-19 variants (5).

However, other head and neck symptoms related to COVID-
19, particularly of the cochleovestibular system, also necessitate 
our attention, as up to 58% of patients affected by COVID-19 

reported vestibular symptoms and 9% reported auditory symp-
toms upon initial diagnosis (6). These symptoms have also been 
found to affect women disproportionately (7). Jeong et al have 
demonstrated a mechanism of viral entry into the cells of the 
cochleovestibular end organs via the angiotensin-converting 
enzyme 2 receptor pathway, providing further insight into the 
impact it has on hearing loss, tinnitus, and vertigo (8–10).

In this study, we investigated the incidence of vestibular and 
balance disorders associated with COVID-19 variants and com-
pared it to the general population within the same timeframe 
using data from a large multi-institutional database.

MATERIALS AND METHODS
Data from the National Center for Advancing Translational 
Sciences National COVID Cohort Collaborative (N3C) (11) 
were utilized for analysis of this study. To compare the impact 
that variants have on vestibular symptoms, the “peak period” 
for each variant was determined using covariants.org (12). The 
“peak period” for each variant (initial/untyped, alpha, delta, 
omicron 21K, omicron 23A) was defined as the 12 weeks with 
the highest prevalence of that particular variant in the United 
States. The peak period date ranges for initial/untyped variant 
ranged from July 6, 2020 to September 28, 2020, alpha variant 
from March 22, 2021 to June 14, 2021, delta variant from 
August 9, 2021 to November 1, 2021, omicron 21K variant 
from December 27, 2021 to March 21, 2022, and omicron 
23A variant from February 3, 2023 to March 28, 2023. The 
N3C database was queried for patients with positive COVID-
19 tests within each variant peak and a vestibular disorder 
diagnosis occurring within 2 weeks of the test date. Patients 
with no documented history of COVID-19 were used as the 
control population for each wave. Because this group rep-
resents the general population, each control patient is included 
in the control population for every wave where their corre-
sponding institution had contributed data at least through the 
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end of the outcomes period. The diagnosis of a vestibular dis-
order diagnosis was defined by SNOMED code 271789005, 
which is equivalent to R42 dizziness and giddiness diagnosis 
code (ICD-10). Relative rates of vestibular disorders were cal-
culated using patients without a recorded COVID diagnosis by 
querying for unique patients with vestibular disorder diagnosis 
codes during a 4-week period in the middle of each 12-week 
variant period. Statistical analysis between groups was per-
formed by odds ratio (OR) calculations (95% confidence inter-
val [CI]) and log odds significance testing using MedCalc (13). 
This study was conducted under data use request RP-64CD77 
and approved by VCU IRB HM20022747. Authorship was 
determined using ICMJE recommendations.

RESULTS
Demographic data is displayed in Table 1. The total number of 
patients with COVID-19 and those with COVID-19 and vestib-
ular disorders by variant are presented in Table 2.

Combined Data

At the time of our analysis, 12,419,287 patients met the inclu-
sion criteria for the time intervals of interest. Of these patients, 
1,849,257 patients, or 14.89%, tested positive for COVID-19, 
and 19,610 of 1,849,257 patients, or 1.06%, tested positive 
for COVID-19 with our diagnosis of interest. The remaining 
10,570,030 patients, or 85.11%, had no documented history of 
COVID-19 infection.

Variant Specific Data

There were 10,828,713 patients within the initial/untyped peak 
period. 37,480 of 10,570,030 patients, or 0.35%, of control 
patients had a diagnosis of vestibular disorder, compared to 
2182 of 258,683, or 0.84%, testing positive for COVID-19 with 
this diagnosis (OR, 2.39; CI, 2.29–2.50; P < 0.001).

A total of 10,740,764 patients were included within the peak 
period of the alpha variant. 39,883 of 10,570,030 patients, or 

0.38%, of control patients had a diagnosis of vestibular disor-
der, compared to 2314 of 170,734, or 1.36%, testing positive 
for COVID-19 with this diagnosis (OR, 3.63; CI, 3.48–3.78;  
P < 0.001).

Within the peak period of the delta variant, there were 
10,195,690 patients. 35,443 of 9,768,954 patients, or 0.36%, of 
control patients had a diagnosis of vestibular disorder, compared 
to 4656 of 426,736, or 1.09%, testing positive for COVID-19 
with this diagnosis (OR, 3.03; CI, 2.94–3.12; P < 0.001).

A total of 10,619,977 patients were included within the 
peak period of the omicron 21K variant. 31,269 of 9,683,469 
patients, or 0.32%, of control patients had a diagnosis of ves-
tibular disorder, compared to 8928 of 936,508, or 0.95%, test-
ing positive for COVID-19 with this diagnosis (OR, 2.97; CI, 
2.90–3.04; P < 0.001).

Lastly, 8,674,093 patients were included within the peak 
period of the omicron 23A variant. 27,127 of 8,617,497 
patients, or 0.31%, of control patients had a diagnosis of ves-
tibular disorder, compared to 1530 of 56,596, or 2.70%, test-
ing positive for COVID-19 with this diagnosis (OR, 8.80; CI, 
8.35–9.27; P < 0.001).

Intervariant Risk Comparison

As demonstrated previously, patients testing positive for 
COVID-19 are often 2 to 3 times more likely to develop symp-
toms of vestibular dysfunction. However, the incidence of ves-
tibular disorders between variants can vary significantly as 
well. Table 3 illustrates the likelihood of developing vestibular 
disorders between each variant wave, with the data suggest-
ing that individuals testing positive for the omicron 23A vari-
ant are at highest likelihood of vestibular disorder, being 8.80 
times greater than the general population, as previously noted, 
but also being 2.02–3.27 times more likely compared to other 
variants. On the other hand, patients with the untyped variant 
appear to be at the lowest risk of developing vestibular symp-
toms, being 2.39 times more likely than the general population, 
but at 0.31 the rate compared to individuals affected by the 
omicron 23A variant.

TABLE 1.

Demographics of patients with COVID-19 and vestibular disorder, by variant

Initial/untyped Alpha Delta Omicron 21K Omicron 23A

Age (SD) 51.7 (18.9) 51.9 (17.8) 52.2 (18.7) 53 (19.3) 61.5 (19.3)
Sex (%)
 � Female 57.0 57.4 57.4 60.2 58.6
 � Male 43.0 42.6 42.6 39.8 41.4
Race (%)
 � White 54.5 56.0 68.1 62.8 69.9
 � Black 23.8 26.9 20.4 21.6 15.9
 � Other/Unknown 21.7 17.1 11.5 15.6 14.2

TABLE 2.

Incidence of vestibular disorder, by variant period

Untyped Alpha Delta Omicron 21K Omicron 23A

Control 10,570,030 10,570,030 9,768,954 9,683,469 8,617,497
Control w/VD 37,480 39,883 35,443 31,269 27,127
COVID+ 258,683 170,734 426,736 936,508 56,596
COVID+ w/VD 2182 2314 4656 8928 1530
Odds ratio 2.39a 3.63a 3.03a 2.97a 8.80a

95% CI 2.29–2.50 3.48–3.78 2.94–3.12 2.90–3.04 8.35–9.27
aP < 0.001.
VD indicates vestibular disorder.
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DISCUSSION
The data we present demonstrate that individuals testing pos-
itive for COVID-19 are over twice as likely to develop vestib-
ular symptoms compared to the general population. Although 
our data estimates the overall prevalence of vestibular disorder 
amongst these patients at between 1% and 3%, other studies 
have estimated the self-reported numbers to reach as high as 
over 40% (7,14,15). One must also consider individuals whose 
vestibular symptoms remain undiagnosed, those who did not 
seek medical attention for their vestibular symptoms during our 
observation window, and those who were never tested and diag-
nosed with COVID-19.

Vestibular neuritis as an inflammatory process of the vestib-
ular nerve due to acute viral infection or secondary to reacti-
vation of latent neurotropic viruses (eg, herpes simplex virus 
type 1 or varicella zoster virus) are the second most common 
cause of vestibular dysfunction, after benign paroxysmal posi-
tioning vertigo, with an estimated incidence of 3.5 in 100,000 
(16–18). Despite this, our understanding of its pathophysiology 
remains limited and treatment is mostly centered around symp-
tom management and long-term therapy. Within the context of 
the COVID-19 pandemic, nearly 700 million individuals were 
infected with the virus globally with around 100 million of those 
individuals within the United States at the time of writing. This 
constitutes over 3 million people with vestibular disorder likely 
related to COVID-19, with at least 500,000 of those individuals 
residing in the United States, thus significantly increasing the 
incidence of vestibular dysfunction secondary to viral etiologies.

A prior study by Almishaal of 939 patients showed a statisti-
cally significant increase in subjective, self-reported incidence of 
audiovestibular symptoms in patients with COVID-19, but did 
not demonstrate significant differences between viral variants 
(15). However, it is difficult to assess the clinical significance of 
subjective, self-reported findings. We aimed to better understand 
the significance of vestibular symptoms by assessing patients 
whose symptom severity required medical evaluation. Based on 
our data, different variants of COVID-19 have differing impacts 
on the development of vestibular symptoms, with individuals 
affected by the omicron 23A variant being at highest risk of 
developing vestibular symptoms, while individuals affected by 
the initial untyped variant demonstrated a lower risk. It is also 
important to note that patients with COVID-19-related vestibu-
lar symptoms have also demonstrated a different clinical course 
than the general population, compensating slower compared to 
the general population (19). Recognizing this phenomenon and 
intervariant risks may raise clinicians’ suspicions of COVID-19-
related vestibular disorder and better guide patient education 
and treatment options.

As a retrospective cross-sectional study, the biggest limita-
tion of this study is determining the long-term implications 
and sequelae of vestibular disorder in patients testing positive 
for COVID-19. Prior studies have suggested that dizziness 
was one of the most common symptoms lasting greater than 
4 weeks in children (20). However, the long-term manifesta-
tion and impact of vestibular dysfunction amongst adults is not 
well-documented in the current literature and would facilitate 

physicians in understanding the clinical course of COVID-19-
associated vestibular disorders and in providing appropriate 
patient counseling and therapies. Additionally, the diagnosis 
code queried for “dizziness and giddiness” is general and not 
specific to otolaryngologists, which may introduce differences 
in interpretation or misdiagnoses spanning various medical 
specialties. Similarly, due to the nonspecific nature of the diag-
nosis code, inferences regarding the vestibular dysfunction such 
as symptomatology, duration, or severity cannot be deduced. A 
final limitation is that N3C is sourced from many institutions 
with multiple source data models that have all been harmonized 
into the observational medical outcomes partnership common 
data model. This harmonization process can potentially intro-
duce errors in the data.

CONCLUSION
Individuals afflicted with COVID-19 are more than twice as 
likely to develop symptoms of vestibular dysfunction com-
pared to the general population, and the risk of developing 
vestibular symptoms can vary widely depending upon the 
variant an individual is impacted by. Continuing to follow 
trends of how the disease affects patients, further research 
on the mechanisms causing vestibular symptoms, as well as 
a better understanding of the long-term impacts these symp-
toms have on patients will provide a more robust framework 
for physicians to manage COVID-19-associated vestibular 
disorder.
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