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Abstract

Objective: To estimate the prevalence of olfactory and gustatory dysfunctions (OGDs) among patients
infected with novel coronavirus disease 2019 (COVID-19).

Methods: A systematic review was conducted by searching MEDLINE, EMBASE, and the preprint
server MedRxiv from their inception until May 11, 2020, using the terms anosmia or hyposmia or
dysosmia or olfactory dysfunction or olfaction disorder or smell dysfunction or ageusia or hypogeusia or
dysgeusia or taste dysfunction or gustatory dysfunction or neurological and COVID-19 or 2019 novel
coronavirus or 2019-nCoV or SARS-CoV-2. The references of included studies were also manually
screened. Only studies involving patients with diagnostic-confirmed COVID-19 infection were
included. Random-effects meta-analysis was performed.

Results: Twenty-four studies with data from 8438 patients with test-confirmed COVID-19 infection
from 13 countries were included. The pooled proportions of patients presenting with olfactory
dysfunction and gustatory dysfunction were 41.0% (95% CI, 28.5% to 53.9%) and 38.2% (95% CI,
24.0% to 53.6%), respectively. Increasing mean age correlated with lower prevalence of olfactory
(coefficient = —0.076; P=.02) and gustatory (coefficient = —0.073; P=.03) dysfunctions. There was a
higher prevalence of olfactory dysfunctions with the use of objective measurements compared with
self-reports (coefficient = 2.33; P=.01). No significant moderation of the prevalence of OGDs by sex
was observed.

Conclusion: There is a high prevalence of OGDs among patients infected with COVID-19. Routine
screening for these conditions could contribute to improved case detection in the ongoing COVID-19
pandemic. However, to better inform population screening measures, further studies are needed to

© 2020 Mayo Foundation for Medical Education and Research ® Mayo Clin Proc. 2020;95(8):1621-1631

establish causality.

ovel coronavirus disease 2019
N (COVID-19), caused by severe

acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2), an outbreak that
emerged in China in December 2019, has
rapidly evolved into a global pandemic.' To
contain the outbreak, effective screening,
rapid diagnosis, and isolation of infected in-
dividuals are essential. These measures
require sound understanding of the clinical
presentation of the disease. Early observa-
tions in China revealed several nonspecific
signs and symptoms related to COVID-19

infection, including fever, dry cough, dys-
pnea, myalgia, and anorexia.”’

Recently, an association between
COVID-19 and olfactory and gustatory dys-
functions (OGDs) has been raised.” In the
United Kingdom, a surge in patients seeking
medical advice for recent onset of self-
diagnosed loss of sense of smell has been
reported.” Similarly, an outbreak of olfactory
dysfunctions in Iran was observed.” Further-
more, Walker et al’ have noted an increase
in Internet searches for smell-related infor-
mation in several countries and hypothesize
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that smell dysfunction may be an under-
recognized symptom of COVID-19 infection.
Consequently, the British Association of
Otorhinolaryngology” and the American
Academy of Otolaryngology—Head and
Neck Surgery (AAO-HNS)’ proposed that
symptoms of OGDs be added to the list of
screening tools for possible COVID-19 infec-
tion. Nevertheless, the proportion and char-
acteristics of patients infected with
COVID-19 who experience OGDs are not
thoroughly understood.

Thus, we conducted a systematic review
and meta-analysis to estimate the prevalence
of OGDs among patients infected with
COVID-19. We also examined the potential
effects of factors such as age, sex, and assess-
ment method on the prevalence of OGDs. At
the time of commencing this review (May 3,
2020), no systematic review and meta-
analysis on the topic had been published.

METHODS

This systematic review follows the recom-
mendations outlined in the Preferred
Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA) statement'’ and
the Cochrane collaboration handbook''
(Supplemental Table 1, available online at
http://www.mayoclinicproceedings.org). Given
the urgent need for information to inform clin-
ical decision making in the context of the
COVID-19 pandemic, prior registration of the
review protocol was not feasible.

Database Search

To identify appropriate studies for the re-
view, searches were performed in MEDLINE,
EMBASE, and the preprint server MedRxiv
using the terms anosmia or hyposmia or dys-
osmia or olfactory dysfunction or olfaction dis-
order or smell dysfunction or ageusia or
hypogeusia or dysgeusia or taste dysfunction
or gustatory dysfunction or neurological and
COVID-19 or 2019 novel coronavirus or
2019-nCoV or SARS-CoV-2 (Supplemental
Table 2, available online at http/www.
mayoclinicproceedings.org). The search was
initially performed on May 3, 2020, and
last updated on May 11, 2020. No language
restrictions were applied. The reference lists

of included studies were also hand-searched
for additional articles.

Study Selection and Evaluation

Only studies with data for patients with test-
confirmed COVID-19 status were eligible for
inclusion. Moreover, because our objective
was to estimate the prevalence of smell and
taste dysfunctions separately, studies that re-
ported a composite of smell and taste
dysfunction without presenting individual
data for each outcome were excluded.
When studies from the same center recruit-
ing patients during the same period were
present, we selected the one with the larger
sample size or more detailed information.
Furthermore, we excluded case series
involving fewer than 10 patients, as well as
commentaries, editorials, and reviews.

Quality Assessment

The methodological quality of each study
was assessed using a tool developed by
Murad et al.'” This tool involves 8 items un-
der 4 domains: selection, ascertainment, cau-
sality, and reporting (Supplemental Table 3,
available online at http://www.
mayoclinicproceedings.org). Only items
applicable to the studies included in the re-
view were evaluated. Numeric scoring was
not performed and an overall judgment
about methodological quality of the included
studies was made as per the questions
deemed most critical in the specific clinical

.12
scenario.

Data Extraction and Analysis
Data were extracted independently by 2 re-
viewers (A.A.A. and R.O.-A.), and any dis-
agreements resolved  through
consensus. For each study, first author
name, country, participant mean age, pro-
portion of females, and percentage with
smell or taste disorders were extracted. If a
study assessed OGDs based on patients’
self-report and objective measurements, we
prioritized the data from the objective
assessments.

Analyses were conducted using Stata SE
software, version 16 (StataCorp). Meta-
analysis of prevalence was conducted using

were
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Articles retrieved from electronic databases
(n=34

Duplicates removed (n=86)

Records after duplicates removed (n=255)

Removed after title and abstract
screening (n=203)

Full-text articles

screened (n=52)

Excluded after full-text assessment (n=37)

Studies identified from preprint server (n=9)

* No relevant data (n=25)

* Case reports <10 patients (n=3)
* Reviews (n=4

* Combined taste and smell (n=2)
* Overlap publication (n=3)

Studies included

in review (n=24)

selection process.

FIGURE 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow chart of study

the STATA Metaprop command,'” using the
Freeman-Tukey double arcsine transformed
proportions to account for variance insta-
bility.'' Owing to the anticipated between-
study heterogeneity, a random-effects model
was used. Between-study heterogeneity was
quantified using the P statistic.'' An
I°>50% was considered to represent substan-
tial heterogeneity. Leave-1-out sensitivity an-
alyses were performed to assess the stability of
pooled estimates. Using the STATA Metareg
command,'” meta-regression was conducted
to determine the influence of study mean
age, proportion of females, assessment
method (subjective vs objective), and region
of study (Europe vs other) on the pooled
prevalence. The syntax for the metaregression
was “Metareg logitEventRate age [proportion
of females] region [assessment method],
wsse(logitEventSE),”  where logitEvent-
Rate=log(p/(1 — p)) and logitEventSE=
[sqrt(1/(pxTotal) 4+ 1/((1 — p)xTotaD)],
and p indicates proportion and Total indicates
sample size. A 2-tailed P<.05 was considered
significant. Because our study relied on

published literature, institutional ethical re-
view was not required.

RESULTS

Study Characteristics

The searches in MEDLINE and EMBASE
retrieved 341 citations. Following removal
of duplicates and screening of titles and ab-
stracts, 52 articles were selected for full-
text evaluation. Fifteen articles were retained
after full-text assessment. Nine additional
studies were identified from the preprint
server, resulting in 24 studies being included
in the review (Figure 1)."”” The included
studies were from China (n=1),"" the
Netherlands (n=1),"" United Kingdom
(n=1)," Iran (n=1),”’ Israel (n=1),” South
Korea (n=1)," United States (n=2),>"*
France (n=4),17:18:26.37 Germany
(n=4),20313230 [aly (n=4),'%*"33% Spain
(n=2) *>** Belgium (n=1),*> and 1 muli-
country study across Europe (France, Spain,
Italy, Belgium, and Switzerland).”® The
studies involved a total of 8438 patients.
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TABLE. Characteristics of Included Studies

Sample Mean Olfactory Gustatory
Reference, year Countries OGD Assessment Method Size Age (y) Female (%) Dysfunction, n (%) Dysfunction, n (%)
Tostmann et al,'” 2020 Netherlands Self-report (questionnaire) 79 NR NR 37/79 (46.8) NR
Giacomelli et al,'® 2020 Italy (Milan) Self-report (interview) 59 60.0 322 14/59 (23.7) 17/59 (28.8)
Bénézit et al,'’ 2020 France (Westem) Self-report (questionnaire) 68 NR NR 31/68 (45.6) 42/68 (61.8)
Klopfenstein et al,'® 2020 France (Fastem) Self-report (medical files) I14 NR NR 54/114 (474) NR
Tomlins et al,'” 2020 UK (Bristol) Self-report (admission records) 95 750 37 3/95 32) NR
Luers et al,*’ 2020 Germany (Cologne) Self-report (questionnaire) 72 380 43.1 53/72 (73.6) 50/72 (64)
Yan et al,”' 2020 US (California) Self-report (medical files or Admitted = 26 Admitted = 53.5 Admitted = 654 Admitted = 7/26 (26.9) Admitted = 6/26 (23.1)
telephone interview) Ambulatory = 102 Ambulatory = 43.0 Ambulatory = 49.0 Ambulatory = 68/102 (66.7) Ambulatory = 64/102 (62.7)
Beltrdn-Corbellini Spain (Madrid) Self-report (questionnaire) 79 61.6 392 25/79 (31.6) 28/79 (35.4)
etal’” 2020
Moein et al** 2020 Iran Objective measurement 60 46.6 333 59/60 (98.3) NR
(UPSIT microencapsulation
test)
Mao et al”! 2020 China (Wuhan) Self-report (interview) 214 527 593 117214 (5.1) 12/214 (5.6)
Levinson et al,”> 2020  Israel (Tel Aviv) Self-report (questionnaire) 42 340 452 14/42 (33.3) 15/42 (35.7)
Fontanet et al’® 2020  France (Northem) Self-report (questionnaire) 171 NR 67.8 50/171 (292) 52/171 (304)
Vaira et al”’ 2020 [taly Objective measurement 33 472 66.6 25/33 (75.8) 18/33 (54.5)
(CCCRC test)
Lechien et al,”* 2020 Europe (France, Spain, Self-report (questionnaire) 1420 392 67.7 997/1420 (70.2) 770/1420 (54.2)
Italy, Belgium, Switzerland)
Aggarwal et al,*” 2020 US (Des Moines, lowa) Self-report (electronic medical 16 65.5 250 3/16 (18.8) 3/16 (18.8)
records or physical notes)
Lee et al*® 2020 South Korea (Daegu city) Self-report (interview) 3191 44.0 63.6 389/3191 (122) 353/3191 (I1.1)
Hornuss et al,”' 2020 Germany (Freiburg) Objective measurement 45 56.0 AriAl 38/45 (844) NR
(Sniffin Sticks)
Just et al,”* 2020 Germany (North Rhine- Self-report (structured 27 NR NR 7127 (25.9) NR
Westphalia, Rhineland- documentation form)
Palatinate, Hesse, Saxony-
Anhalt)
Lechien et al,”* 2020 Belgium (Mons) Objective measurement 28 44.0 679 21/28 (75.0) 17/28 (60.7)

(olfactory dysfunction:
Sniffin Sticks tests)
Self-report (gustatory
dysfunction, validated
NHANES questionnaire)

Continued on next page
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TABLE. Continued

Sample Mean Olfactory Gustatory
Reference, year Countries OGD Assessment Method Size Age (y) Female (%) Dysfunction, n (%) Dysfunction, n (%)
Borobia et al,”! 2020 Spain (Madrid) Self-report (clinical records) 2226 61.0 51.7 284/2226 (12.8) NR
Cavagna et al*® 2020  Italy (Lombardy, Emilia- Self-report (telephone 14 60.5 28.6 5/14 (36) 4/14 (28.6)
Romagna, Piedmont, and interview)
Veneto)
Harter et al,*® 2020 Germany (human Self-report (clinical notes) 33 480 9.1 6/32 (18.8) NR
immunodeficiency virus
centers)
Allenbach et al*” 2020  France (Paris) Self-report (standard form) 152 77 40.1 17/150 (11.3) NR
Vaira et al,”® 2020 Italy (Sessari) Objective measurement 72 492 625 60/72 (83.3) 35/72 (48.6)

(Chemosensitive test)

CCCRC = Connecticut Chemosensory Clinical Research Center; NHANES = National Health and Nutrition Examination Survey; NR = not reported; OGD = olfactory and gustatory dysfunction; UPSIT = University of
Pennsylvania Smell Identification Test.
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The reported mean age ranged from 34.0 to
77.0 years, and 58.7% (4785 of 8150; 20
studies) of the patients were females (Table).

The methodological assessment of the in-
dividual studies is presented in Supplemental
Table 4 (available online at http:/www.
mayoclinicproceedings.org). Because our re-
view included only patients with COVID-
19 infection with diagnostic confirmation,
bias from nonascertainment of exposure
was minimized. However, very few studies
had reported use of objective assessment of
OGDs, with most relying on unvalidated
questionnaires. Thus, studies may experi-
ence ascertainment bias. Most studies (20/
24; 83%) did not explore other potential
causes that may explain the outcome, and
they could not establish with certainty
that OGDs were absent before COVID-19
infection and therefore causality cannot
be implied.

Olfactory Dysfunctions

Of the 24 studies that reported the prevalence
of olfactory dysfunction, 21% (5/24) used
objective assessments, whereas the rest (19/
24;79%) mainly relied on self-reports. The re-
ported prevalence of olfactory dysfunction
ranged from 3.2% to 98.3%, and the pooled
prevalence was 41.0% (95% CI, 28.5% to
53.9%; *=99.1%; Figure 2). A leave-1-out
sensitivity analysis did not significantly
change the results (point estimate ranged
from 38.1% to0 42.1%). The pooled prevalence
tended to decrease with increasing mean age
of study participants (coefficient = —0.076;
95% CI, —0.135 to —0.016; P=.02) and was
higher when objective measurements were
used compared with self-reports
(coefficient = 2.33; 95% CI, 0.57 to 4.09;
P=.01) but was not significantly moderated
by sex (coefficient = —0.018; 95%
CI, —0.062 to 0.026; P=.39) or study region
(coefficient = 0.564; 95% CI, —0.818 to
1.946; P=.40). The variables included in the
metaregression altogether explained 51.7%
of the between-study variance relative to the
prevalence of olfactory dysfunctions. There
was no strong evidence of publication bias
(funnel plot, Supplemental Figure 1, available

online at http://www.mayoclinicproceedings.
org; Eggers test, P=.306).

Gustatory Dysfunctions

Fifteen studies involving 5649 patients re-
ported the prevalence of gustatory dysfunc-
tions. Among these, 13% (2/15) wused
objective assessments, whereas the rest
(13/15; 87%) relied mainly on self-reports.
The reported prevalence of gustatory dys-
functions ranged from 5.6% to 62.7%, and
the pooled prevalence was 38.2% (95% ClI,
24.0% to 53.6%; °’=98.8; Figure 3). A
leave-1-out sensitivity analysis did not
significantly change the results (point esti-
mate ranged from 36.1% to 41.2%). The
pooled prevalence tended to decrease with
increasing mean age (coefficient = —0.073;
95% CI, —0.136 to —0.009; P=.03) and
was slightly higher across European studies
than studies from elsewhere (coefficient =
1.195; 95% CI, 0.118 to 2.272; P=.03).
There was no significant moderation by sex
(coefficient = —0.022; 95% CI, —0.066 to
0.022; P=.29) or assessment methods
(coefficient = 0.439; 95% CI, —1.192 to
2.071; P=.56). The variables included in
the metaregression altogether explained
47.9% of the between-study variance relative
to the prevalence of gustatory dysfunctions.
There was no strong evidence of publication
bias (funnel plot, Supplemental Figure 2,

available online at http://www.
mayoclinicproceedings.org;  Eggers test,
P=.604).

DISCUSSION

In this systematic review and meta-analysis,
we found that about 41% and 38% of
diagnostic-confirmed patients with COVID-
19 infection presented with olfactory or gus-
tatory dysfunctions, respectively. Increasing
age correlated with lower prevalence of
OGDs, whereas the use of objective assess-
ment methods correlated with higher preva-
lence of olfactory dysfunction. No significant
moderation of the prevalence of OGDs by
sex was noted.

The exact mechanisms underlying OGDs
among patients with COVID-19 infection

remain  unclear. However, olfactory

Mayo Clin Proc. ® August 2020;95(8):1621-1631 ® https://doi.org/10.1016/j.mayocp.2020.05.030
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Study n/N ES (95% CI)
Tottsman (2020) 37179 4:% 047 (0.36-0.58)
Giacomelli (2020) 14/59 —-— | 0.24 (0.14-0.37)
Bénézit (2020) 31/68 —— 0.46 (0.33-0.58)
Klopfeinstein (2020) 547114 . 047 (038-0.57)
Tomlins (2020) 3/95 .- | 003 (0.01-0.09)
Luers (2020) 53/72 ! —— 0.74 (0.62-0.83)
Vaira (2020) 60/72 ! — 0.83 (0.73-091)
Yan (2020)a 7126 e 027 (0.12-0:48)
Yan (2020)b 68/102 e 0.67 (0.57-0.76)
Beltran-Corbellini (2020) 25/79 —— 032 (0.22-043)
Moein (2020) 59/60 l —& 098 (091-1.00)
Mao (2020) 1214 = | 005 (0.03-0.09)
Levinson (2020) 14/42 —e 033 (0.20-0.50)
Fontanet (2020) 507171 - | 029 (023-0.37)
Vaira (2020) 25/33 | —=—  076(058-089)
Lechien (2020) 997/1420 A 070 (0.68-0.73)
Aggarwal (2020) 316 . 0.19 (0.04-0.46)
Lee (2020) 3893191 = | 0.12 (0.11-0.13)
Hornuss (2020) 38/45 | —=—  084(071-094)
Just (2020) 7127 . 026 (0.11-0.46)
Lechien (2020) 21/28 ! — &  075(055-089)
Borobia (2020) 284/2226 [ } 0.13 (0.11-0.14)
Cavagna (2020) 5/14 — 036 (0.13-0.65)
Harter (2020) 6/32 e 0.19 (0.07-0.36)
Allenbach (2020) 17/150 - 0.11 (0.07-0.18)
Overall (=99.08%; P=.00) <> 041 (0.29-0.54)
|
0.5

FIGURE 2. Forest plot of proportion of patients with novel coronavirus disease 2019 infection presenting

with olfactory dysfunction. ES = proportion; n = number of patients with olfactory dysfunction; N =

sample size.

impairment after upper respiratory tract
infection is a common occurrence in clinical
settings. In particular, postviral olfactory
dysfunction has been implicated in 40% of
cases of anosmia in adults,”” with coronavi-
ruses accounting for 10% to 15% of cases.’
Olfactory dysfunction in COVID-19 infec-
tion could be related to the involvement of
the olfactory bulb or to peripheral damage
of the olfactory receptor cells in the nasal
neuroepithelium.” This assertion is based
on the potential neurotrophic features of
SARS-CoV-2. In particular, it has been
demonstrated in transgenic mice that after
intranasal administration of SARS-CoV
(which shares similarities with SARS-CoV-
2), the virus could penetrate into the brain
through the olfactory bulb, leading to rapid
transneuronal spread.”' Tt is also well recog-
nized that alterations in the volume and

composition of saliva can disturb taste sensa-
tion.** Previously, epithelial cells lining sali-
vary gland ducts were found to be early
target cells of SARS coronavirus infection
in the upper respiratory tracts of rhesus ma-
caques.”’ Phylogenetic similarities between
SARS-CoV and SARS-CoV-2 mean that the
latter could also alter gustatory sensation in
affected patients.

The few studies that have evaluated the
clinical utility of OGDs in COVID-19 diag-
nosis have suggested their low sensitivity
(23%-43%) and high specificity (93%-
99%).'*" Regardless, in one study, the
sensitivity and specificity of OGDs were re-
ported to be comparable to the sensitivity
and specificity of a history of close contact
with a confirmed COVID-19 case.”* An anal-
ysis of 237 entries from the AAO-HNS
COVID-19  Anosmia  Reporting  Tool

Mayo Clin Proc. ® August 2020;95(8):1621-1631 m https://doi.org/10.1016/j.mayocp.2020.05.030
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Study n/N ES (95% CI)
Giacomelli (2020) 17/59 —- 029 (0.18-042)
Bénézit (2020) 42/68 —— 0.62 (0.49-0.73)
Luers (2020) 50/72 i —— 0.69 (0.57-0.80)
Vaira (2020) 35/72 %—F 049 (0.37-061)
Yan (2020)a 6/26 . 023 (0.09-0.44)
Yan (2020)b 64/102 —— 063 (0.53-0.72)
Beltrdn-Corbellini (2020) 28/79 —— 0.35 (0.25-047)
Mao (2020) R4 = i 006 (0.03-0.10)
Levinson (2020) 15/42 H:% 0.36 (0.22-0.52)
Fontanet (2020) 52/171 - 0.30 (0.24-0.38)
Vaira (2020) 18/33 :;H 055 (0.36-0.72)
Lechien (2020) 770/1420 - 054 (0.52-0.57)
Aggarwal (2020) 316 % 0.19 (0.04-0.46)
Lee (2020) 353/3191 . : 0.1'1 (0.10-0.12)
Lechien (2020) 17128 i+ 0.61 (041-0.78)
Cavagna (2020) 4114 # 029 (0.08-0.58)
Overall (?=98.79%; P=.00) <> 038 (0.24-0.54)
OTS I

FIGURE 3. Forest plot of proportion of patients with novel coronavirus disease 2019 infection presenting

with gustatory dysfunction. ES = proportion; n = number of patients with gustatory dysfunction; N =

sample size.

suggested that anosmia was noted in 73% of
patients before the COVID-19 diagnosis and
was the initial symptom in 26.6%." Yan
et al’' have also suggested that OGDs may
be associated with a milder course of
COVID-19 infection. This may also poten-
tially explain the lower prevalence of OGDs
with increasing mean age because older peo-
ple are more likely to experience severe
COVID-19 infection compared with younger
individuals.”® Consequently, the potential
higher burden of OGDs in patients with
milder COVID-19 disease is concerning
because such patients may be less likely to
be tested but could continue to spread the
virus. Thus, public education about symp-
toms of OGDs may be necessary, and pa-
tients experiencing such symptoms should
be advised to self-isolate pending confirma-
tory testing.g

It is not yet clear whether the COVID-
19—related OGDs are transient or perma-
nent. However, among 23 patients with

COVID-19 infection with anosmia in Iran,
75% reported significant improvement over
2 weeks.”> Moreover, among 237 patients
with anosmia on the AAO-HNS COVID-19
Anosmia Reporting platform, 27% reported
improvement in symptoms, with the mean
time to improvement being 7.2 days.”
Owing to the high occurrence of anosmia
in COVID-19—positive individuals, the
indiscriminate use of corticosteroids, partic-
ularly in the absence of known head trauma
or allergic symptoms, should be discouraged
because  corticosteroids escalate
COVID-19 infection.”” Moreover, as more
evidence evolves around COVID-19, further
studies addressing therapeutic approaches
to OGDs among infected patients will be
needed.

Our study has some key strengths.
Although a recent meta-analysis by Tong
et al*® reported the pooled prevalence of
olfactory and gustatory dysfunction among
patients with COVID-19 infection as

may
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52.73% (95% CI, 29.64% to 75.23%) and
43.93% (95% CI, 20.46% to 68.95%), respec-
tively, their analysis was based on 10 studies
and involved fewer than 1700 patients. Our
study has provided pooled prevalence esti-
mates of OGDs based on data from 24
studies involving more than 8400 patients
with diagnostic-confirmed COVID-19 infec-
tion from 13 countries. Furthermore, our
analysis provides new insights into the
potential role of individual-level characteris-
tics such as age and sex in the presentation
of OGDs among patients with COVID-19
infection that were not explored in the study
by Tong et al.*

Despite the strengths of our study, the
findings should be interpreted in light of
some limitations. There was high statistical
heterogeneity, which is largely attributable
to the observational nature of the studies.
Further investigations revealed that the het-
erogeneity was not entirely explained by dif-
ferences in patients’ age, proportion of
females, region, or OGD assessment methods.

From a methodological perspective, the
design of most of the included studies pre-
clude the confirmation of causality between
COVID-19 and OGDs. Thus, to better
inform population screening measures,
further well-designed prospective studies us-
ing validated or objective measurement tech-
niques are needed to establish causality.
Most studies also recruited patients in Euro-
pean settings, which may affect the general-
izability of our findings.

Moreover, few studies used objective
assessment methods for establishing the
presence of OGDs, whereas most relied on
self-reports. These may lead to bias in the
ascertainment of OGDs. For example, it is
possible for patients to confuse taste func-
tion and aroma sense perception,’’ but it
was not clear from most studies whether
this distinction had been made. In one study
by Lechien et al’” that made this distinction,
among 28 patients with COVID-19 infection,
86% experienced aroma disorders, whereas
60.7% experienced taste disorders. However,
it was unclear what proportion of patients
experienced both symptoms.””

Last, because the metaregression relied
on study-level characteristics such as mean
age and proportion of females, ecological fal-
lacy cannot be entirely ruled out.'"” Thus,
future studies adopting methods such as
the use of individual participant data meta-
analysis' "’ may be essential toward con-
firming our findings.

CONCLUSION

This study found a high prevalence of OGDs
among patients infected with COVID-19.
Hence, the consideration of OGDs as part
of the screening and diagnostic approaches
for COVID-19 could help improve case
detection and further curtail the spread of
the virus. However, to better inform popula-
tion screening measures, further well-
designed studies are needed to establish cau-
sality between COVID-19 and the occur-
rence of OGDs.
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