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ABSTRACT
Background: Olfactory dysfunction (OD) in COVID-19 presents as a sudden onset smell loss 
commonly seen in mild symptomatic cases with or without rhinitis but can occur as an isolated 
symptom. The reported prevalence of OD among COVID-19 patients ranged from 5% to 98%. 
Although numerous studies have been conducted about their association, these were mainly 
based on self-reported cases and subjective questionnaires.

Objective: This study investigates whether there is a significant difference in the prevalence 
of olfactory dysfunction between self-reported and objective testing using validated objective 
olfactory tests among RT-PCR confirmed COVID-19 patients. 

Methods: PubMed (MEDLINE), Cochrane, Web of Science, and Google Scholar were searched for 
studies investigating the prevalence of OD by using objective olfactory tests among patients who 
self-reported OD (November 1, 2019 to July 31, 2020). All studies were assessed for quality and 
bias using the Cochrane bias tool. Patient demographics, type of objective olfactory test, and 
results of self-reported OD and objective testing were reported.

Results: Nine studies encompassing 673 patients met the inclusion criteria. Validated objective 
olfactory tests used in the included studies were CCCRC, SST and SIT.  Overall prevalence of OD 
among patients who self-reported was higher after objective testing (71% versus 81%). This was 
also seen in when we performed subgroup analysis based on the objective tests that were used. 
However, meta-analysis using random effects model showed no significant difference in the 
overall prevalence of OD (p-value=.479, 95% CI 56.6 to 84.0 versus 71.2 to 89.8) as well as in the 
subgroups.

Conclusion: To the best of our knowledge, this is the first meta-analysis that statistically reviewed 
articles that evaluated the difference between self-reported and objective tests done on the 
same patients. Results showing that self-reporting OD approximates the results of the objective 
tests among COVID-19 positive patients may imply that self-reporting can be sufficient in contact 
tracing and triggering swabbing and self-quarantine during the time of COVID-19 and objective 
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tests can be used as an adjunct in the diagnosis particularly in research.  
However, this study was limited by small sample size and articles done 
in European countries hence, interpretation and application of the 
results of this study must be approached with care. Further studies 
documenting the difference between self-reporting and objective test 
in large scale setting involving different countries may be helpful in 
establishing a definitive consensus.

Registration: PROSPERO ID CRD42020204063

Keywords: anosmia; hyposmia; olfactory dysfunction; SARS-CoV-2; 
pandemic; 2019-NCoV; COVID-19

Increasing reports of olfactory dysfunction (OD) during the 
current Coronavirus Disease 2019 (COVID-19) pandemic have been a 
point of interest for clinicians and authorities.1-4 Olfactory dysfunction 
in COVID-19 presents as a sudden onset smell loss commonly seen in 
mild symptomatic cases with or without rhinitis but can occur as an 
isolated symptom.5-6  The reported prevalence of OD among COVID-19 
patients ranged from 5% to 98%,7-23 where higher prevalence is seen in 
European countries. A large-scale meta-analysis of 38 cohorts involving 
12,154 COVID-19 positive patients in 18 countries showed a 38% 
prevalence rate of smell loss.24 Although numerous studies have been 
conducted about their association, these were mainly based on self-
reported cases and subjective questionnaires.25-27 

Due to patient biases that are inherent in self-reporting such as recall 
and social desirability bias, and the tendency of patients to exaggerate 
or understate their symptoms based on their expected gain, the 
question of the true association of COVID-19 and OD has been raised.28-29 
Furthermore, the poor correlation of subjective questionnaires to 
actual olfactory status and poor sensitivity in detecting dysfunction 
calls for the use of objective tools.30 Olfactory status can be evaluated 
objectively using different methods such as olfactory threshold, odor 
discrimination and odor idenitification.31 Tests such as the Connecticut 
Chemosensory Clinical Research Center (CCCRC), Sniffin’ Stick Test (SST) 
and the University of Pennsylvania Smell Identification Test (UPSIT), are 
the most commonly used validated tools for objective olfactory testing.

Differences between self-reported OD and objective tests has been 
reported in the literature. Studies comparing the overall prevalence of 
OD among COVID-19 patients who self-reported OD with those who 
underwent olfactory tests showed a significant difference between the 
two groups. This was corroborated by meta-analyses that were recently 
conducted.25-26 However, these meta-analyses compared the individual 
articles that were categorized into “self-reporting” and “objective 

testing”  based on their final result. Upon review, analysis of studies that 
compare the prevalence of OD before and after using objective tests on 
same subjects has not yet been done. 

The purpose of this study was to conduct a meta-analysis of the 
published literature to investigate if there is a significant difference 
in the prevalence of olfactory dysfunction between self-reported 
dysfunction and objective test results among RT-PCR confirmed 
COVID-19 patients. This will give an idea if simply asking patients about 
their history of smell loss is enough in establishing the association of 
OD in COVID-19, or if there is a need for an objective test to ascertain 
the accurate prevalence of OD.  Furthermore, this study could help 
clinicians decide on how to evaluate patients with olfactory dysfunction 
during the COVID-19 pandemic.  

METHODS
This study followed the Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses (PRISMA) guidelines.

Search Strategy and Data Sources
To identify studies that are eligible for inclusion in our study, we 

conducted a computerized search using PubMed (MEDLINE), Cochrane, 
Web of Science, and Google Scholar from November 1, 2019 to July 
31, 2020. The search terms used were ([“COVID-19” OR “2019-nCoV” 
OR “SARS-CoV-2” OR “coronavirus disease 2019”] AND [“anosmia” OR 
“hyposmia” OR “olfactory dysfunction” OR “smell loss”]). Searches were 
performed using the keywords as Medical Subject Headings (MeSH). 

Inclusion and Exclusion Criteria
Two authors (JAR, MMT) independently selected studies for analysis 

according to the following inclusion criteria: 1) participants: patients 
with RT-PCR confirmed COVID-19 disease who self-reported smell 
loss, 2) clinical test: validated objective tests, 3) outcome measure: 
prevalence of olfactory dysfunction, 4) type of study: cross-sectional 
or cohort. Studies were excluded if they had: 1) incomplete and/or no 
proper outcomes data, 2) no full text available, 3) non-English language 
without available English version. Editorials, commentaries, case reports 
and literature reviews as well as animal experiments and cellular studies 
were excluded. Letters to the editor were reviewed for shared data and 
were included if data fit the inclusion criteria.   Two independent authors 
(JAR, MMT) screened the studies and disagreements were resolved by 
a third author (RAS). The studies were identified by title, abstract, and 
text in the first screening, and then the full text of relevant studies was 
retrieved for validation before final inclusion in the present systematic 
review. A flow chart of the study selection process is shown in Figure 1.



PhiliPPine Journal of otolaryngology-head and neck Surgery                                                      Vol. 36  no. 1  January – June  2021                                PhiliPPine Journal of otolaryngology-head and neck Surgery                                                     Vol. 36  no. 1  January – June  2021

PhiliPPine Journal of otolaryngology-head and neck Surgery  98  PhiliPPine Journal of otolaryngology-head and neck Surgery

REVIEW ARTICLE

Methodological Quality Assessment
The risk of bias in the selected studies was assessed using an 

adaptation of the Cochrane Collaboration risk-of-bias tool and the 
Risk-of-Bias Assessment Tool for Non-randomized Studies (ROBIS). 
The criteria involved assessing studies for selection bias caused by 
inadequate selection of participants or inadequate confirmation and 
consideration of confounding variables, performance bias caused by 
inadequate measurement of intervention, detection bias caused by 
inadequate blinding of outcome assessment, attrition bias caused 
by inadequate handing of incomplete outcome data, or reporting 
bias caused by selective outcome reporting. A judgment related to 
risk of bias was assigned to each study by answering a pre-specified 
question about the adequacy of the study in relation to the entry. A 
judgment of “green” indicated a low risk of bias, “red” indicated a high 
risk of bias, and “yellow” indicated an unclear or unknown risk of bias. 
The methodological quality of the included studies was independently 
assessed by two researchers (JAR and MMT) and disagreements were 
resolved by a third author (RAS).

Data Extraction
Independent data extraction was done by two investigators (JAR, 

RAS) and disagreements were resolved by discussion. Data extracted 
from each study were: 1) patient characteristics (mean age, gender, 
country, setting), 2) clinical test: (i.e. self-reporting, objective test), 
3) outcome measure (with or without olfactory dysfunction). Due 
to variability in outcome presentation, patients were considered 
“with olfactory dysfunctions” when they: 1) report both olfactory 
and gustatory dysfunction, 2) reported as with anosmia, hyposmia, 
cacosmia or phantosmia. Other study data extracted included author, 
year of publication, research design, number of samples. Furthermore, 
articles having the same authors were examined further to avoid 
duplication of data. 

Statistical Analysis 
Using MedCalc Statistical Software version 16.4.3 2016 (https://www.

medcalc.org) (MedCalc Software, Ostend, Belgium), point estimates for 
gender proportion and OD were calculated by dividing the number of 
cases by the total number of COVID-19 patients included in the studies. 
Prevalence rates of OD were reported based on the type of reporting 
as to self-reported and objective test. Forest plots were generated for 
visual representation to show variations between studies and pooled 
analyses. Test for heterogeneity was carried out using Cochran’s Q 
and I2. Significant Cochran Q-value with p-value less than .05 and I2 > 
50% was considered for high heterogeneity. For this case, a random 
effects model was used to provide a conservative prevalence estimate, 

otherwise fixed effect model was used. Subgroup analysis of specific 
objective tests CCCRC, Sniffin’ Stick and Smell Identification Test, were 
done to further investigate the difference between the studies.

RESULTS
Search Characteristics

Initial literature search yielded 286 articles, 189 of which were 
duplicates. During screening, 83 studies were excluded based on 
selection criteria. Among the 14 remaining studies, 5 were excluded 
with reasons. (Figure 1) Thus, 9 studies (n=784) met the selection criteria 
and were eligible for qualitative analysis. (Figure 1, Table 1) Study sample 
sizes ranged from 18 to 345, all were RT-PCR confirmed COVID-19. The 
mean age of patients in the included studies was 47 ± 14 years, ranging 
from 28 to 63. All were cross-sectional studies and were published in 
2020. Majority of the studies were conducted in Europe- 3 in Italy, 2 in 
Belgium, 2 in Germany, and the other 2 were done in Asia.

Methodological Quality and Risk of Bias
Assessment of risk of bias for the studies is presented in Figure 2. 

All the included studies showed adequate selection of participants and 
low risk of confounding. The risk of bias in classification of intervention 
was low in 8 studies (88%) included. Separately, the risk of bias due to 
deviations from intended intervention and measurement of outcome 
was low in 6 studies (66%) and unclear in four. The risk of bias due to 
missing data was low in 4 studies (44%). Overall, most of the included 
studies were classified as low risk for bias. 

Prevalence of Olfactory Dysfunction: Combined Prevalence Estimates
Complaints of OD were reported by 33.3% to 65% of COVID-19 

patients who were asked about their sense of smell. (Table 1) There 
were 3 studies35,39,40 that had subjects who all had OD. Validated 
objective olfactory tests were used in all the articles. In 4 studies,35,36,39,40 
the authors failed to include all the subjects in the objective evaluation 
due to logistic issues. Hence, the number of data were adjusted prior 
to statistical analysis. In summary, there were 784 COVID-19 positive 
patients confirmed by RT-PCR, however only 673 were included in this 
meta-analysis.

Specific tests used were CCCRC in 3 studies,32-34 Sniffin’ Stick test 
in another 3 studies,35-37 and Smell Identification Tests in 3 studies.38,40 
The detected OD among COVID-19 patients who underwent objective 
olfactory tests ranged from 33.3% to 98.3%, with 1 study38 confirmed 
OD on all of the participants. The prevalence of OD after using CCCRC, 
Sniffin’ Stick and SIT were 69% to 83.3%, 60% to 84% and 83.3% to 
98.3%, respectively. 
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Table 1. Main characteristics of included studies

First Author, 
Year 

Published

Country No. 
(Male%)

Mean 
Age,

yr±SD (+) (+)(-) (-)
Objective 

test
Difference†, 

n (%) 

Self-reported, 
n (%)Subject

Objective 
test, n (%)

Vaira, 2020 (a)32

Vaira, 2020 (b)33

Vaira, 2020 (c)34

Lechien, 2020 (a)35

Lechien, 2020 (b)36

Hornuss, 202037

Moein, 202038

Bertlich, 202039

Chung, 202040

Italy

Italy

Italy

Belgium

Belgium

Germany

Iran

Germany

Hong 
Kong

72

 (37.5)

345 

(42.3)

33

 (33.3)

78

 (41.0)

86

 (34.9)

45

 (55.6)

60 

(66.7)

47

 (72.3)

18

 (38.9)

49.2

±13.7

48.5

±12.8

47.2

±10

40.6

±11.2

41.7

±11.8

56

±16.9

46.55

±12.17

63.3

±13.9

28

±19

44 

(61.1)

224 

(65)

17 

(51.5)

28

 (100)*

52

 (74.3)*

22

 (48.9)

17 

(28.3)

14 

(100)*

6 

(100)*

28 

(38.9)

121

 (35)

16

 (48.5)

0 

(0)*

18

 (25.7)*

23 

(51.1)

43 

(71.7)

0

 (0)*

0 

(0)*

60 

(83.3)

241

(69.9)

25 

(75.8)

21

 (75)*

42 

(60.0)*

38

 (84.4)

59

 (98.3)

14 

(100)*

5 

(83.3)*

12 

(16.7)

104 

(30.1)

8 

(24.2)

7

 (25)*

28

 (40.0)*

7

 (15.6)

1

 (1.7)

0

 (0)*

1 

(16.7)*

CCCRC

CCCRC

CCCRC

Sniffin’ 

Stick

Sniffin’ 

Stick

Sniffin’ 

Stick

UPSIT

BSIT

SIT

+ 16 

(22.2)

+ 17 

(4.9)

+ 8 

(23.2)

- 7 

(25)*

-10 

(14.3)*

+ 16

 (35.5)

+ 42

 (70.0)

0 

(0)*

1

 (16.7)*

* Sample size was reduced to 28 from 78 for meta-analysis since part of the subjects did not under-
went objective test. The percentage was adjusted to the sample size. 
† Difference in results after objective test interpretation: (+) = number of patients who self-reported 
a normal OD but was positive for OD after olfactory test; (-) = number of patients who self-reported 
having 
OD but was negative for OD after olfactory test
CCCRC = Connecticut Chemosensory Clinical Research Center; UPSIT = University of Pennsylvania 
Smell Identification Test; SIT = Smell Identification Test; BSIT = Brief Smell Identification Test

The difference in prevalence of OD between self-reporting and 
objective testing is summarized in Table 1. All studies showed a 
notable difference in the prevalence of OD after objective testing aside 
from one40 which showed no difference. However, the characteristic 
differences between the studies were not the same. Five studies32-34,38,40 

using CCCRC and SIT, showed an increase in the prevalence of OD after 
objective testing which ranges from 4.9% to as high as70%. On the 
other hand, 2 studies35,36 using Sniffin’ Stick test showed a decreased 
incidence of OD among tested subjects at 14 to 25%. One study37 had a 
different result from the Sniffin’ Stick subgroup showing an increase in 
prevalence of OD after objective testing.

Substantial to considerable heterogeneity was seen on both self-
reporting (I2 = 91.9%) and objective olfactory testing (I2 = 86.46%), 
hence random effects model was used. (Figure 3) Out of 673 pooled 
subjects, the prevalence proportions of self-reported OD were 71.3% 
and 81.4% after objective testing. The difference in point estimates 

between groups was 10% (p-value=.479, 95% CI 56.6 to 84.0 versus 71.2 
to 89.8). 

Prevalence of OD based on specific objective olfactory test
Connecticut Chemosensory Clinical Research Center Test. Three 

studies32-34 reported the prevalence of olfactory dysfunction using the 
CCCRC, which includes both threshold and identification measures. 
(Figure 4A, B) Olfactory threshold was performed using butanol placed 
in a squeezable bottle with decreasing concentration and another 
identical bottle containing deionized water. The threshold was 
identified when the subject gave the correct answer four times. The 
threshold was quantified for each of the two nostrils with a score from 
0 to 8 corresponding to the less concentrated bottle that the patient 
was able to correctly detect. The average between values of the two 
nostrils expressed the overall score. The odor identification on the other 
hand used common odorants placed inside 180 ml opaque jars covered 
with gauze. One at a time, the samples were presented to the patient 
in the same way as the threshold test. Therefore, the patient was asked 
to identify the odorant on a list containing the 10 test items and 10 
distractors. (Table 1) Score ranged from 0 to 10 and was obtained from 
the average of the two nostrils. 

Figure 1. Flowchart of the process for selecting studies for systematic review and meta-analysis.
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Olfactory status using CCCRC in the included studies was classified 
as a test composite score of 0-10 as anosmia, 20-80 as hyposmia and 
90-100 as normal. In this study, anosmia and hyposmia are grouped 
as olfactory dysfunction. Self-reported OD among COVID-19 patients 
in the CCCRC group ranged from 51% to 65%. After the objective test, 
prevalence increased to 70% to 83%. Test of heterogeneity showed 
minimal heterogeneity in the self-reporting group and substantial 
heterogeneity in CCCRC, hence fixed effect and random model was 
used, respectively. Reported pooled prevalence of self-reported OD was 
62% and 76% after CCCRC. The difference in point estimates between 
groups was 12% (p-value=.088, 95% CI 58.6 to 67.7 versus 65.8 to 83.9).

Sniffin’ Sticks Test. Three studies35-37 reported the prevalence of 
olfactory dysfunction using the Sniffin’ Stick test, which comprised of 
odor threshold, odor discrimination, and odor identification. (Figure 4. 
C, D) Using the identification Sniffin’ Sticks test (Medisense, Groningen, 
the Netherlands), a total of 16 scents were presented via a pen device 
to patients for 3 seconds followed by a forced choice from four given 
options with a total possible score of 16.

Self-reported OD occurred in 48% to 100%. Olfactory status using 
SST score was classified as normosmia (between 12 to 16), hyposmia 
(between 9 to 11), and anosmia (8 or below). Prevalence of OD after 
SST was 60% to 84% among COVID-19 patients. Substantial and 
considerable heterogeneity was seen in both group with I2 of 94% and 
76% hence random effects model was used. The combined prevalence 
of overall olfactory dysfunction in patients who self-reported smell loss 
was 79% and 73% after SST. The difference in point estimates between 
groups was 6% (p-value=.636, 95% CI 45.4 to 98.4 versus 56.3 to 86.4).

Smell Identification Test. Three studies38-40 reported the prevalence 
of OD on COVID-19 patients using SIT which tests odor identification. 
(Figure 4E, F) One used the University of Pennsylvania Smell Identification 
Test (UPSIT), another one used Brief Smell Identification Test (B-SIT), 
and last used Smell Identification Test (SIT, Sensonics International 
Haddon Heights, NJ). These tests consist of odorants embedded per 
page of a test kit. Stimuli are contained in plastic microcapsules on a 
brown strip on the footnote. The examiner asks the patient to scrape 
the strip with a pencil, which releases the odor. The patient then marks 
the option that best describes the odor. The test score was the total of 
all correct answers. 

Among the 80 subjects, prevalence of self-reported OD was 28% 
to 100% and 83% to 100% after testing. Test of heterogeneity showed 
a considerable heterogeneity in self-reporting group (I2 =96%) and 
minimal in SIT group (I2 = 27%) hence random and fixed effects model 
was used, respectively. Pooled prevalence of self-reported OD was 81% 
and SIT was 97%. The difference in point estimates between group was 
16.2% (p-value=.636, 95% CI 45.4 to 98.4 versus 56.3 to 86.4).

Figure 2. Assessment of risk of bias in the included clinical studies.
 Domains:
 D1: Bias due to confounding
 D2: Bias in selection of participants into the study
 D3: Bias in classification of interventions
 D4: Bias due to deviations from intended interventions
 D5: Bias due to missing data
 D6: Bias in measurement of outcomes
 D7: Bias in selection of the reported results
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DISCUSSION
In this systematic review, the overall reported prevalence of OD 

in 637 COVID-19 patients who were asked about their sense of smell 
was 71%. After objective testing, the prevalence of OD increased to 
81%. However, meta-analysis using random effects model found no 
significant difference between self-reporting and objective testing 
(p-value=.479, 95% CI 56.6 to 84.0 versus 71.2 to 89.8). Furthermore, 
subgroup analyses based on the type of objective test performed also 
showed no significant difference when compared to self-reporting. 

The noted difference between the 2 groups in the overall and 
subgroup analysis is important to mention although the analysis of the 
point estimates was not significant. When objective tests were done in 
patients who self-reported smell loss, the prevalence of OD increased. 
The observed increase in the prevalence of OD after objective testing 
shows the tendency of self-reporting to underestimate olfactory 
dysfunction. This was also seen in the subgroup analysis using CCCRC. 
Interestingly, this was reversed when Sniffin Stick test and SIT were 
used wherein a decrease in the prevalence of OD were noted. 

The accuracy of objective olfactory tests has been shown to 
increase when multiple components of olfaction were measured.41 
Hence, the discordance between the subgroups may be due to the 
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Figure 3. Forest plots of meta-analysis comparing the prevalence of olfactory dysfunction between self-reporting (A) and objective olfactory test (B). CI = confidence interval; CCCRC = Connecticut 
Chemosensory Clinical Research Center; UPSIT = University of Pennsylvania

difference in the olfactory function that is being measured by a specific 
technique. The SIT measures odor identification at a suprathreshold 
level, whereas CCCRC (threshold and identification) and SST (threshold, 
discrimination, and identification) measures multiple components. 
Future research using objective olfactory tests that measure composite 
scores are needed. 

In the clinical setting, olfactory tests are usually performed on 
both nostrils. However, the presence of side differences between the 
two nostrils, called lateral discrepancy, have been documented in 
literature.42 Bi-rhinal testing has been shown to reflect the function of the 
better nostril resulting in a masked improvement of olfactory function 
compared to monorhinic testing.42-43 Out of the 9 included studies, only 
3 studies32-34 that used CCCRC mentioned using a monorhinic method. 
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6
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Vaira, 2020 (b)

Vaira, 2020 (c)

Lechien 2020 (a)

Lechien 2020 (b)

Hornuss 2020

Moein 2020

Bertlich 2020

Chung 2020

Fixed

Random

Sample
size

673

673

72

345

33

28

70

45

60

14

6

Proportion 
(%)

76.108

81.447

83.333

69.855

75.758

75.000

60.000

84.444

98.333

100.000

83.333

95% CI

72.725 to 79.263

71.239 to 89.831

72.696 to 91.080

64.712 to 74.653

57.741 to 88.908

55.128 to 89.309

47.593 to 71.533

70.545 to 93.509

91.060 to 99.958

76.836 to 100.000

35.877 to 99.579

Model Study Statistics for each study

They evaluated both nostrils separately and the average between the 
values of the two nostrils were taken as the overall score. This may explain 
the increase in the occurrence of OD in the CCCRC group compared to 
the other studies. Given these, it is important to consider the possibility 
of the discrepancy that may have occurred in the studies based on the 
methods of olfactory testing that were conducted which may have 
underestimated the prevalence of olfactory loss. Future studies that take 
these factors into consideration are needed.

The timing of objective testing might have an effect on the results. 
Studies showed that OD in COVID-19 occurs early in the disease 
(approximately 3 days), and the majority resolve after 1-3 days, with 
highest rate of recovery seen in the first week from the time of onset.44-45 
Hence, the timing of the objective testing is important in documenting 



PhiliPPine Journal of otolaryngology-head and neck Surgery                                                      Vol. 36  no. 1  January – June  2021                                PhiliPPine Journal of otolaryngology-head and neck Surgery                                                     Vol. 36  no. 1  January – June  2021

PhiliPPine Journal of otolaryngology-head and neck Surgery  1312  PhiliPPine Journal of otolaryngology-head and neck Surgery

REVIEW ARTICLE

A. Self-reported OD

B.  CCCRC

Vaira, 2020 (a)

Vaira, 2020 (b)

Vaira, 2020 (c)
Fixed

Random

Sample
size

72

345

33

450

450

Proportion 
(%)

83.333

69.855

75.758

72.462

75.393

95% CI

72.696 to 91.080

64.712 to 74.653

57.741 to 88.908

68.101 to 76.528

65.795 to 83.861

Model Study Statistics for each study

C. Self-reported OD

Lechien, 2020 (a)

Lechien, 2020 (b)

Hornuss, 2020

Fixed

Random

Sample
size

28

70

45

143

143

Proportion 
(%)

100.000

74.286

48.889

74.450

78.708

95% CI

87.656 to 100.00

62.439 to 83.993

33.703 to 64.226

66.578 to 81.302

45.393 to 98.378

Model Study Statistics for each study

D. SST

Lechien, 2020 (a)

Lechien, 2020 (b)

Hornuss, 2020
Fixed

Random

Sample
size

28

70

45

143

143

Proportion 
(%)

75.000

60.000

84.444

70.835

72.700

95% CI

55.128 to 89.309

47.593 to 71.533

70.545 to 93.509

62.747 to 78.056

56.323 to 86.411

Model Study Statistics for each study

Std diff in means and 95% CI Std diff in means and 95% CI

Std diff in means and 95% CI Std diff in means and 95% CI

Vaira, 2020 (a)

Vaira, 2020 (b)

Vaira, 2020 (c)
Fixed

Random

Sample
size

72

345

33

450

450

Proportion 
(%)

61.111

64.928

51.515

63.274

62.457

95% CI

48.894 to 72.385

59.636 to 69.961

33.544 to 69.204

58.649 to 67.724

56.546 to 68.188

Model Study Statistics for each study
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the prevalence of OD in COVID-19. Unfortunately, due to logistical 
issues, there were difficulties in conducting timely testing. Majority of 
the studies that were included failed to indicate the timing of testing. 
The 2 studies32,34 that mentioned the timing of objective test from the 
clinical onset of anosmia reported a time laps of 14 to 20 days. This 
time lag is important to note because the olfactory dysfunction of the 
patients who were evaluated may have already resolved or gradually 
improved by the time of assessment causing an underestimation of OD. 
Early olfactory evaluation of COVID-19 patients with OD is important 
in future studies. Moreover, the presence of the self-reported OD at 
the time of actual objective olfactory testing, which was not reported 
clearly by any of the studies included, must be taken into account to 
avoid errors in reporting.

This study has several limitations that is needed to be considered.  
First, due to novelty of the topic investigated, this study is limited by 
the small number of articles and sample size available for analysis 
which limits the authors to formulate a reliable conclusion. Difficulty 
in conducting objective olfactory testing during this time of the 
pandemic prevents researchers from conducting these kinds of studies. 
Studies using objective tests that were validated for home-settings 
would be helpful for future research. Furthermore, since olfactory tests 
are expensive, not readily available and a logistic problem, evaluation 
of validated olfactory questionnaires that would approximate objective 
tests would be advantageous as temporary replacement. Second, 
marked heterogeneity was seen between the studies which may be due 
to a large difference in the prevalence of OD seen in individual studies 
as well as the variability seen in the sample size. Lastly, the studies that 
were selected were limited to mostly European populations, which may 
mask the factor of cultural difference. Further studies that address these 
limitations are needed.

In conclusion, this meta-analysis indicates that self-reporting 
approximates objective testing in documenting the prevalence of 
OD among COVID-19 patients. When both groups were compared, 
no significant differences were seen in both the overall and subgroup 
analysis. Based on the results, self-reporting can be used as a threshold 
to test COVID-19 suspects and to advise self-quarantine. On the 
other hand, objective tests can be used as adjuncts in the diagnosis 
particularly in conducting research studies about the association of 
COVID-19 and olfactory dysfunction. However, due to the limitations 
mentioned, careful interpretation of our results is advised. Although 
self-reporting is valuable to assist in the initial screening of COVID-19 
suspects, further studies evaluating the use of validated olfactory 
objective tests must be done.

F.  SIT

Moein,2020

Bertlich, 2020

Chung, 2020

Fixed

Random

Sample
size

60

14

6

80

80

Proportion 
(%)

98.333

100.000

83.333

96.872

96.311

95% CI

91.060 to 99.958

76.836 to 100.000

35.877 to 99.579

90.499 to 99.451

88.810 to 99.794

Model Study Statistics for each study

Figure 4. Forest plots comparing the prevalence of olfactory dysfunction between self-reporting and 
specific objective test used: (A, B) Connecticut Chemosensory Clinical Research Center, (C, D) Sniffin’ 
Stick Test (E, F) Smell Identification Test

E. Self-reported OD

Moein,2020

Bertlich, 2020

Chung, 2020
Fixed

Random

Sample
size

60

14

6

80

80

Proportion 
(%)

28.333

100.000

100.000

50.640

80.693

95% CI

17.451 to 41.444

76.836 to 100.000

54.074 to 100.000

39.434 to 61.799

19.130 to 95.725

Model Study Statistics for each study

Std diff in means and 95% CI

Std diff in means and 95% CI
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