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Abstract

Background: COVID-19 is associated with multiple long-term impairments that negatively affect patients’ quality of life (QoL).
Of these, olfactory dysfunction (OD), which is difficult to measure in practice, is likely to play an important role as it highly affects
peoples’QoL.

Methods: In a population-based study, a total of 667 adult participants (mean age: 47 years) were examined nine months,

on average, after positive PCR testing for SARS-CoV-2. Subjective olfactory function (OF) was quantified by means of a Visual
Analogue Scales (OF-VAS). OF was tested by way of the Sniffin’ Sticks Test (SST). The self-reported Mini Olfactory Questionnaire
(self-MOQ) was used to screen for OD. The brief (short) version of the Questionnaire of Olfactory Disorders - Negative Statements
(sQOD-NS), the sinonasal outcome Test-22 (SNOT-22), the EuroQoL 5-Dimension 5-Level (EQ-5D-5L), and the EuroQoL-VAS (EQ-
VAS) were used to assess QoL.

Results: Participants with SST-tested OD or with OF-VAS-based subjective OD were characterized by significantly higher self-MOQ
scores. Diagnoses of OD by self-MOQ or SST were found to be strongly correlated. Moreover, both the TDI score and the OF-VAS
score were negatively correlated with the self-MOQ score. In addition to a significant reduction of QoL in participants with tested
OD, the four questionnaires used in the present study also consistently highlighted a significant negative correlation between
QoL and both, self-MOQ and OF-VAS score.



Smell and COVID-19: screening and quality of life

Conclusion: The self-MOQ is a sufficient screening tool for OD after SARS-CoV-2 infection. Patients with persistent OD show signi-

ficantly poorer QoL than those without.

Clinical implications: Olfactory function can be assessed in patients with COVID-19 using a simple 5-item questionnaire (self-

MOAQ). Patients with OD show reduced QoL.

Capsule summary: In our population-based cross-sectional study of 667 patients with PCR-confirmed SARS-CoV-2 infection, par-

ticipants with persistent OD had significantly poorer OF-related QoL. The self-MOQ is a simple, valid and reliable means to screen

OD in patients with COVID-19.
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Introduction

Human behavior is partially guided by our ability to smell. Olfac-
tion plays a significant role in nutrition, avoidance of harm -3,
appetite “, mate selection ?, and in the interaction with social,
sexual and marital partners .

The most common causes of smell loss are post-viral upper res-
piratory tract infection and sinonasal disease, followed by head
trauma, toxin or drug exposure, and congenital anosmia ©.
Olfactory dysfunction (OD) is one of the common symptoms of
coronavirus disease 2019 (COVID-19), with a higher prevalence
observed among patients with mild rather than severe forms of
the disease '3, A systematic review suggested a pooled preva-
lence of OD in COVID-19 of 54% /. In most cases, OD lasts only
a few weeks 19 but symptoms may as well persist for 9 months
or longer after SARS-CoV-2-infection "%, In the population-based
study on olfactory perception disorders after SARS-CoV-2 infec-
tion, Winkelmann et al. showed a significantly higher proportion
of subjects with OD in the population studied compared to a
matched historical comparison cohort (15).

Reliable measurement of olfactory function (OF) is difficult,
especially in large groups of patients. Tools used in clinical
routine include standardized psychophysical tests such as, for
example, the Sniffin’ Sticks Test (SST, Burghart) and the Univer-
sity of Pennsylvania Smell Identification Test (UPSIT). However,
these tests are time-consuming, relatively expensive, and not
easily applicable in clinical routine. Additionally, little attention
has been paid so far to validated questionnaires as a means of
self-assessment of, or screening for, OF in COVID-19 (618,
Therefore, drawing upon one of the longest follow-ups of
COVID-19 hitherto described (mean: 9 months), two hypotheses
are examined in this study. Firstly, the self-MOQ is a simple but
sufficient tool to screen for OD in the post-acute phase of CO-
VID-19 and secondly, persistent OD after SARS-CoV-2 infection
has a negative impact on different aspects of participants’ QoL.

Materials and methods

This population-based study was conducted at the University
Medical Centre Schleswig-Holstein at Kiel (Figure S1). It has
been registered at the German registry for clinical studies
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(DRKS00023742), ClinicalTrials.gov (NTC04679584), and was ap-
proved by the local ethics committee (D537/20). All participants
gave written informed consent before inclusion.

Objectives

The objectives of this study were as follows:

1) Identifying the sMOQ as a sufficient tool to screen for subjec-
tive and/or tested OD in COVID-19.

2) Analyzing participants’ QoL, assessed by means of four dif-
ferent questionnaires displaying different aspects of QoL after
SARS-CoV-2-infection.

3) Comparing QoL of different subgroups regarding OF, PCT, age
and gender to evaluate the impact of subjective and tested OD
on QoL in COVID-19.

Participants

Between November 2020 and April 2021, the local health
authorities informed individuals with PCR-positive SARS-CoV-2-
infection about our study.

The inclusion criteria comsprised a positive PCR test for SARS-
CoV-2, age > 18 years at the time of infection, residency in the
federal state of Schleswig-Holstein, and an informed consent
given to participate. Apart from an acute re-infection with SARS-
CoV-2 no further exclusion criteria were set. Respondents were
examined between November 2020 and June 2021. Dropouts
were documented and statistical analyses were performed using
complete data subsets only, as appropriate.

Demographic information

Comprehensive telephone interviews as well as paper-based
and online questionnaires were used to acquire data on parti-
cipants’health (Table 1). Participants were asked to provide a
COVID-19-specific medical history including course of disease,
symptoms, treatment, and vaccination history.

Assessment of OF

OF Visual Analogue Scale (OF-VAS)

During their onsite visit, participants were asked to rate their OF
prior to infection, during infection, and at the time of examinati-



Table 1. Demographics and basic characteristics of COVIDOM study sam-
ple (n=667).

bBsic characteristics number (%)

Age (in years), median (IQR) 51.0 (34.0-59.0)

Total participants 667
Women 376 (56.4)
Men 290 (43.5)
n/a 1(0.1)

Post-COVID time (T3-T2, in months), median (IQR) 9.2(7.1-10.9)

Current smoker (at T3) 68 (10.6)

Pack years&, median (IQR) 5.0 (0.8-15.0)

Subjective OD (at T3) 277/608 (45.6)
Women 168/338 (49.7)
Men 109/270 (40.4)

Tested OD (at T3) 197/570 (34.2)
Women 107/320 (33.4)
Men 90/250 (36.0)

Results are given as number (%), unless otherwise indicated. OD, olfac-
tory dysfunction; T2, time during acute SARS-CoV-2 infection; T3, time of

examination; &includes current and former smokers (n=291).

on using a 10-point visual analog scale (OF-VAS). On the OF-VAS,
a score of 0 indicates no OF while 10 indicates perfect OF. The
time-dependent results were labelled T1, T2, and T3, respecti-
vely, and a lower OF-VAS score at T3 than at T1 was considered
subjective OD. The time between positive PCR testing and T3
was labeled ‘post COVID time’ (PCT).

Sniffin’ Sticks Test (SST)

Participants also underwent the psychophysical SST (Burghart
Messtechnik GmbH, Germany) that targets odor threshold,
discrimination, and identification. The three subtest results were
also added up to form an overall TDI score 9. A total TDI score
<31 was considered tested OD whilst TDI = 31 was labelled
‘normosmia’ 9.

Self-reported Mini Olfactory Questionnaire (self-MOQ)

Finally, participants completed the self-MOQ which comprises
five true/false statements to screen for OD (20). Each agreement
to a statement is scored by one point, and a higher overall score
indicates worse OF. Self-MOQ scores have been categorized
before as either normosmic (<3), hyposmic (4) or anosmic (5) 2,

Assessment of QoL

Brief (short) version of the Questionnaire of Olfactory Disorders- Ne-
gative Statements (sQOD-NS)

The sQOD-NS comprises seven statements on olfactory-related
QoL. Participants rate their agreement to each statement by an
integer between 0 and 3, with lower overall scores reflecting
worse olfaction-related QoL ?". These statements can be grou-
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ped into social, anxiety, eating, and annoyance subdomains ?".
The sQOD-NS was completed only by study participants who
reported OD upon an entry question.

Sinonasal Outcome Test-22 (SNOT-22)

Qol as related to sinonasal symptoms was assessed using the
German version of the SNOT-22 questionnaire ?223, The SNOT-22
comprises 22 items covering four subdomains, namely nasal-,
otologic symptom-, emotional- and sleep dysfunction-related
QoL @, Especially Question 12 maps the olfactory function. Each
item is rated by an integer between 0 (‘no problem at all’) and 5
(‘worst possible symptom’). The overall score thus ranges from
0to 110, with higher scores indicating a stronger impact upon
QoL @%. Additionally, SNOT-22 scores were categorized as either
no (0 to 7), mild (8 to 20), moderate (21 to 50) or severe (>50)
impact on QoL (MMS classification) @,

EuroQolL 5-Dimension 5-Level (EQ-5D-5L)

The EQ-5D-5L comprises five items related to mobility, self-care,
usual activities, pain/discomfort, and anxiety/depression, each
of which is integer-scored (“leveled”) between 1 (no problems)
and 5 (extreme problems/unable to). The five EQ-5D-5L item
ratings were transformed by a proprietary algorithm into a real-
valued EQ-5D-5L index between 0 (worst possible health state)
and 1 (best state), based upon a German value set ?9,

EuroQolL-VAS (EQ-VAS)

The EQ-VAS score was used to grade the overall current health
of participants by an integer between 0 (worst imaginable
health) and 100 (best imaginable health) 7.

Statistics

Statistical analyses were performed using IBM SPSS Statistics
Software (version 28.0.1.0, IBM). Frequency differences between
groups were assessed for statistical significance with a chi-squa-
red test. For metric variables, medians and interquartile ranges
or, where appropriate, means and standard deviations were
calculated and the statistical significance of group differences
were assessed with a Mann Whitney U test for independent
samples. Associations between variables were quantified by way
of Spearman (dichotomous or ordinal variables) or Pearson cor-
relation coefficients (continuous variables). P values <0.05 were
deemed statistically significant.

Results

A total of 667 participants were recruited an average of 9
months after PCR-positive-SARS-CoV-2 infection (Table 1). Statis-
tical analyses were performed on the 619 participants who did
not suffer from an upper respiratory tract infection within two
weeks before examination. The results of the self-MOQ, sQOD-
NS, SNOT-22 and EQ-5D-5L index are summarized in Table 2.
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Figure 1. Mean Self-MOQ scores and U-test for group differences.

Self-MOQ

A total of 586 participants, 324 (55.3%) of whom were female
and 262 (44.7%) were male, completed the self-MOQ (Table 2).
Their median age was 51 years (IQR: 33.0 to 58.0).

Participants with tested or subjective OD had a significantly
higher median self-MOQ score (indicating worse OF) than parti-
cipants without tested (z=-7.930, p< 0.001) (Table 2) or subjec-
tive OD (z=-8.875, p<0.001) (Figure 1). The three SST subscores
were found to be negatively correlated with the self-MOQ score,
namely threshold (Spearman p=-0.211, p<0.001), discrimination
(p=-0.267, p<0.001), identification (p=-0.368, p<0.001). Corre-
lation between self-MOQ score and TDI score and OF-VAS score
are displayed in Figures S2 and S3, respectively.

Upon subgroup analysis, the self-MOQ score was found to

be significantly associated with the OF-VAS score, both for
participants with (Spearman p=-0.560, p<0.001) and without
(p=-0.285, p<0.001) subjective OD (Table 3) as well as for parti-
cipants with (p=-0.361, p<0.001) and without (p=-0.110, p=0.43)
tested OD. Finally, the self-MOQ score was negatively correla-
ted with PCT (p=-0.085, p=0.041) but not with participant age
(p=0.040, p=0.332).

Applying the self-MOQ score thresholds defined above, 557 of
586 participants (95.0%) were normosmic, 8 (1.4%) were hypos-
mic, and 21 (3.6%) were anosmic, with group-specific median
TDI scores of 32.0 (IQR: 30.0 to 34.5), 24.5 (IQR: 22.0 to 25.0) and
27.0 (IQR: 24.0 to 30.0), respectively. A significant association
was observed between the detection of dysosmia by either self-
MOQ or SST (x?*=25.144, 1 df, p<0.001).

In summary, the self-MOQ shows significant correlation with
subjective as well as with tested OF and there are no differences
in detecting dysosmia either by SST or self-MOQ.

sQOD-NS

A total of 156 participants (51.9% female, 48.1% male) with a
median age of 52.0 years (IQR: 38.25 to 58.75) completed the
sQOD-NS (Table 2).

The median sQOD-NS score did not differ significantly between
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participants with and without tested OD (z=-1.273, p=0.203)
(Table 2). In contrast, participants with subjective OD had a sig-
nificantly lower median sQOD-NS score (indicating lower QoL)
than those without (z=-13.972, p=0.010) (Table 2, Figure S4).

A significant correlation was not found between the sQOD-NS
and TDI scores of participants (Spearman p=0.118, p=0.179), but
between their sQOD-NS and OF-VAS at T3 (p=0.391, p<0.001)
(Table 4).

In detail, no significant correlation was found between the
subdomain scores of the sQOD-NS and the TDI score, whereas
the OF-VAS score at T3 was found to be negatively correlated
with each subdomain score (social: p=0.384, p<0.001; eating:
p=0.217, p=0.007; anxiety: p=0.304, p<0.001; annoyance:
p=0.360, p<0.001). There was no significant correlation between
mean sQOD-NS score and PCT (Spearman p=0.036, p=0.66) or
between mean sQOD-NS score and age (p=0.04, p=0.962).

In summary, the sQOD-NS and its subdomains are significantly
associated with subjective but not with tested OF.

Self-MOQ and sQOD-NS

Regarding the interdependence between self-MOQ and sQOD-
NS, a significant correlation was found between the mean
scores in all participants (Spearman p=-0.394, p< 0.001) (Table
4). Similarly, there was a significant correlation between the
self-MOQ and sQOD-NS scores in all participants with subjective
OD (p=-0.456, p=0.026), and in all participants with tested OD
(p=-0.485, p<0.001).

SNOT-22

A total of 586 participants (56.0% female, 44.0% male) with

a median age of 51.0 (IQR: 33.0 to 58.0) years completed the
SNOT-22 (Table 2).

Participants with subjective OD yielded significantly higher
SNOT-22-scores than those without subjective OD (z=-6.265,
p<0.001). Such a difference was not observed between partici-
pants with or without tested OD (z=-1.757, p>0.05) (Figure S4).
Furthermore, a significant association was not seen between
SNOT-22 and TDI scores (Spearman p=-0.77, p= 0.082), but
between SNOT-22 and OF-VAS scores at T3 (p=-0.219, p<0.001)
(Table 4). No significant association was found between the
SNOT-22 score and PCT (Spearman p=-0.021, p=0.617), or
between the SNOT-22 score and participant age (p=0.006, p=
0.877).

According to the SNOT-22-based MMS classification, 121 of the
586 responders (20.6%) had experienced no impact on QoL
whereas a mild, moderate or severe impact was reported by 208
(35.5%), 237 (40.4%) and 20 (3.4%), respectively. Participants
with subjective OD (z=-13.972, p<0.001) or with tested OD
(z=-8.139, p<0.001) scored question 12 of the SNOT-22 (which
revolves around olfactory and gustatory function) significantly



Table 2. Results of questionnaires on OF and QOL.

Self-MOQ sQOD-NS

mean (SD)* median (IQR)

p-value

all 586 0.52(1.21) 156  17.5(14.0-21.0)
female 324 0.52(1.21) 0.821° 81 18.0 (13.0-20.5)
male 262 0.52(1.22) 75 17.0 (14.0-21.0)
tested OD 169 1.04(1.57) <0.001® 78 17.0(13.75-20.0)
no tested OD 338  0.20(0.68) 53 19.0(13.5-21.0)
subjective OD 248 1.00(1.56) <0.001° 131 17.0 (13.0-20.0)
no subjective OD 305 0.14(0.63) 17 20.0(17.5-21.0)

p-value n
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SNOT-22 EQ-5D-5L index

median (IQR) median (IQR) p-value

586 18.0 (9.0-28.0) 592 0.93 (0.86-1.0)

0.668a 328 21.0(11.0-32.0) <0.001* 331 0.91(0.82-0.97) <0.001°
258 15.0 (7.0-25.0) 261 0.943 (0.89-1.0)

0.203b 168 20.0(9.0-29.75) 0.079° 171 0.92 (0.86-1.0) 0.804°
338 16.0 (9.0-26.0) 339 0.94 (0.86-1.0)

0.01b 256 23.0(13.0-34.0) <0.001® 261 0.86 (0.17) <0.001°
296 15.0 (7.0-24.0) 294 0.91(0.13)

&For illustrative purposes, mean and SD are given instead of median and IQR as the latter both equal zero. ? U test of a sex difference in median scores.

b U test of difference in median scores between presence or absence of tested/subjective OD. OF, olfactory function; QOL, quality of life; Self-MOQ,

self-reported Mini Olfactory Questionnaire; SNOT-22, sinonasal outcome Test-22; sQOD-NS, brief (short) version of the Questionnaire of Olfactory

Disorders- Negative Statements; EQ-5D-5L, EuroQol 5-Dimension 5-Level; n, number; SD, standard deviation; IQR, interquartile range; OD, olfactory

dysfunction.

Table 3. Spearman correlation coefficients between self-MOQ score and
either TDI or OF-VAS score.

self-MOQ score and

self-MOQ score and
OF-VAS score (T3)
p (p-value)

TDI score
p (p-value)

all -0.372 (<0.001) -0.51 (<0.001)
female -0.309 (<0.001) -0.511 (<0.001)
male -0.449 (<0.001) -0.514 (<0.001)

tested OD -0.361 (<0.001) -

no tested OD -0.11 (p=0.43) -

subjective OD - -0.560 (<0.001)

no subjective OD - -0.285 (<0.001)

Self-MOQ, self-reported Mini Olfactory Questionnaire; OF, olfactory func-
tion; OD, olfactory dysfunction; TDI, threshold, discrimination, identifica-

tion; OF-VAS, olfactory function-visual analogue scale

higher than those without. Moreover, the TDI score was signi-
ficantly associated with the question 12 score (p=-0.353, p<
0.001) (Figure S5). Of the SST scores, discrimination (Spearman
p=-0.161, p<0.001), identification (p=-0.179, p<0.001) and the
summary TDI (Spearman p=-0.155, p<0.001) were correlated
with the nasal subdomain score (Figure 2).

Like the sQOD-NS, the overall SNOT-22 scores are associated
only with subjective but not with tested OF and OD, whereas
olfaction related subscores correlate with both, subjective and
tested OF and OD.

Self-MOQ and SNOT-22
A significant correlation between the self-MOQ and SNOT-

Table 4. Spearman correlation between questionnaire-based measure-

ments of QOL (lines) and OF (columns) 2.

TDI score® OF-VAS score Self-MOQ
(T3) score®
sQOD-NS score 0.118(0.179) 0.391(<0.001)  -0.394 (<0.001)
SNOT-22 score -0.77 (0.082) -0.219 (<0.001)  0.188 (<0.001)
EQ-5D-5L index  0.008 (0.854) 0.085 (0.039) -0.095 (0.024)
EQ-VAS score 0.041 (0.354) 0.143 (<0.001) -0.086 (0.043)

by means of Spearman’s p rank correlation. "Spearman’s p (p-value).
TDI, Threshold, Discrimination, Identification; OF-VAS, olfactory
function-visual analogue scale; Self-MOQ, self-reported Mini Olfactory
Questionnaire; sSQOD-NS, brief (short) version of the Questionnaire of
Olfactory Disorders- Negative Statements; SNOT-22, sinonasal Outcome
Test-22; EQ-5D-5L, EuroQol 5-Dimension 5-Level; EQ-VAS, EuroQol-Visual

Analogue Scale.

22 scores was noted in all participants combined (Spearman
p=0.188, p< 0.001) (Table 4). Along the same vein, participants
with subjective OD alone also showed a significant correlation
between the self-MOQ and SNOT-22 score in all participants
(p=0.146, p=0.026) as well as in women (p=0.171, p=0.04)

EQ-5D-5L and EQ-VAS

A total of 592 participants with a median age of 51.0 years (IQR:
34.0 to 58.75) completed the EQ-5D-5L. Of these, 331 (55.9%)
were female and 261 (44.1%) were male, and a significant sex
difference was observed in terms of the median EQ-5D-5L index
(z=-4.953, p<0.001) (Table 2).

No significant difference between participants with or without

Rhinology Vol 64, No 4, August 2026
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Figure 2. Correlation between TDI score and nasal subdomain score of the SNOT-22 (questions 1-7, 11, 12).

tested OD was found, neither for the median EQ-5D-5L index
(z=-0.249, p=0.804) nor for the EQ-VAS score (z=-1.144, p=
0.252). On the contrary, participants with subjective OD had
a significantly lower EQ-5D-5L index (z=-3.813, p<0.001) and
EQ-VAS score (z=-3.968, p<0.001) than participants without
subjective OD (Table 2).

Correlation between questionnaires on QoL and OF

None of the four questionnaires assessing QoL was significantly
correlated with the TDI score, reflecting tested OF, but with the

OF-VAS and self-MOQ score, both displaying subjective OF. De-

tailed results of spearman correlation can be found in Table 4.

Discussion

Objectives of the study

The self-MOQ, a previously validated screening tool for OD in
clinical settings ©%, was found to be significantly correlated

with both subjective and objectively tested OF, and with three
questionnaires on QoL (sQOD-NS, SNOT-22, EQ-5D-5L). This reaf-
firms the possible role of the self-MOQ as an easy-to-use tool to
screen OD in former COVID-19 patients.

In addition, our study underlines the negative impact of sub-
jective OD, as measured by the OF-VAS score, on participants’
QoL several months after SARS-CoV-2 infection. Irrespective of
whether olfactory-related aspects (sQOD-NS), sinonasal manife-
station (SNOT-22) or overall health-related problems (EQ-5D-5L)
were put into focus, the subjective experience of OD significant-
ly influenced the overall well-being and, hence, the perceived
QoL of study participants.
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Relationship between OF and age or sex

Several studies have highlighted a decrease of general OF with
age 202829 that may be related to a reduced number of fibers in
the olfactory bulb or olfactory receptor neurons 32, Qur study,
though, did not find any correlation between age and OF when
assessed by the self-MOQ in COVID-19. Moreover, neither study
revealed an influence of sex on self-MOQ-assessed OF.

Relationship between QoL and age or sex

In the present study, no significant correlation was observed
between sQOD-NS-based QoL and age or sex. Similarly, in a
previous study of 205 patients with impaired OF, the sQOD-NS
scores were not significantly higher in women than in men ©.
Regarding the SNOT-22, our study revealed a significantly worse
QoL in women, which is in line with early findings 7. No as-
sociation between age and the SNOT-22 score was observed in
879 chronic rhinosinusitis (CRS) patients with post-endoscopic
sinus surgery 8. In a retrospective analysis of 403 adults with
CRS post-endoscopic sinus surgery, the baseline SNOT-22 score
changed significantly with age, with elderly patients (>60 years)
reporting the lowest symptom burden and middle-aged pa-
tients (40-59 years) reporting the highest ¢,

Self-MOQ as a screening tool for OD

We observed a strong correlation of the self-MOQ score with
both, questionnaire-based subjective OF and SST-based tested
OF. This result is in agreement with an association, previously re-
ported in 285 patients with subjective OD ©%, between the self-
MOQ and both, the TDI score and its component subtest scores.
The self-MOQ was also found to be correlated with OF in a small



sample of SARS-CoV-positive/negative individuals examined 8
days after testing “%. Our study, however, covers a much longer
follow up. Finally, a significant negative correlation between
the self-MOQ score and PCT was observed suggesting that the
improvement of OF depends upon the time that elapsed since
positive PCR testing. Although Zou et al. ? did not observe a
significant correlation between self-MOQ and the duration of
illness in 285 patients with non-COVID-19-related subjective OD
20, COVID-19-associated OD appears to be well reflected by the
self-MOQ during the full course of disease. The self-MOQ there-
fore suggests itself as a sufficient and efficient tool to screen for
OD in COVID-19 patients.

Impact on QoL and relationship between OF and QoL
sQOD-NS

Although not statistically significant, a clear trend towards

lower sQOD-NS scores, and hence poorer Qol, became appa-
rent in our study among participants with tested OD. This is in
agreement with a significant but weak correlation between the
sQOD-NS and TDI scores of 205 patients with subjective changes
in OF &3, Additionally, lower sQOD-NS scores in participants with
subjective OD were observed, which is in line with a study of
over 1000 COVID-19 patients assessed 2 weeks after infection “",
Our findings also fit with the observation of average sQOD-NS
scores of 12.0 in 195 patients with subjectively resolved OD 9.5
months after the onset of COVID-19 symptoms, but only 10.7 in
93 patients with persistent subjective OD “?, This trend compa-
res well to our data even though the absolute sQOD-NS scores
were lower. Better overall QoL in our study’s participants could
be attributed to several cohort-specific factors including lower
age (47.6 vs 50.4 years).

SNOT-22

Adopting the MMS classification of the SNOT-22 score ®), partici-
pants in the present study experienced only a mild impact upon
Qol, whereas a moderate impact was seen in those with tested
or subjective OD. Dejaco et al. ?® observed a mean SNOT-22
score of 38.0 in 134 CRS patients ¥ while Mattos et al. “¥ simi-
larly reported a mean of 46.5 in their study of 109 CRS patients
“3), Both results reflect a moderate impact of CRS upon QoL that
is broadly comparable to the effect of OD in COVID-19 patients.
One possible explanation for a higher SNOT-22 score in CRS
might be the lack of morphological changes in the nasal cavity
after SARS-CoV-2 infection %)

Similar to the above results, but based upon a 10 times smal-

ler cohort, Pendolino et al. found symptomatic patients with
COVID-19-related OD to have a mean SNOT-22 score of 23 over
1 year after infection ““. Moreover they outlined that patients
with dysosmia scored significantly higher in the psychological
subdomain and in question 12, but not in the nasal subdomain
of SNOT-22 “4, Although our study revealed a significant asso-
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ciation of the nasal subdomain with both tested and subjective
OD, lower scores in question 12 of the SNOT-22 were noted in
participants with subjective or tested OD, which is in line with
Pendolino et al. “¥. Notably, a small study of SARS-CoV-2 positive
and negative patients examined 8 days after testing also yielded

significantly worse scores for question 12 in the positive group
“0)

The minimal clinically important difference (MCID) for total
SNOT-22 scores in patients with CRS after endoscopic sinus
surgery (ESS) was set before at 9.0 “°. In our study, this MCID
was not reached, neither when comparing participants with
and without tested OD (21.3 vs 18.9) nor between those with
and without subjective OD (24.3 vs 16.7). However, in another
study of 247 CRS patients undergoing medical management “9,
subjective improvement of symptoms was reported only upon
improvement of the SNOT-22 nasal domain, irrespective of the
MCID. This observation further supports our finding that the
SNOT-22 nasal subdomain is a decisive determinant of QoL in
COVID-19 patients.

In summary, patients reporting OD in COVID-19 are more likely
to have higher SNOT-22 scores, and worse nasal subdomain
scores, indicating reduced QoL.

EQ-5D-5L

In our study, female COVID-19 patients reported lower EQ-5D-
5L scores than males, which is in agreement with earlier reports
@9)_Notably, while the OF-VAS score was significantly correlated
with the EQ-5D-5L score in our study, no such link was found
between EQ-5D-5L and TDI.

For a better understanding, the EQ-5D-5L index of participants
with subjective OD (0.86) is comparable to those of patients
with migraine (0.892) “” highlighting the extent of the burden
and the negative impact of OD on QoL.

Strengths and limitations

Our study, in which a huge number of both symptomatic and
asymptomatic post-COVID-19 patients were examined on a
population-based manner, provides a good overall picture of
the impact of COVID-19 on the quality of life.

A“motivational” bias is often difficult to avoid in studies of this
type. However, the participants in our study were recruited
early in the pandemic, so a key motivation could be an interest
in being part of the group of people who find answers in the
catastrophic infection situation. The discrepancy between sub-
jectively observed odor function and measured odor function is
a well-known but not well explained phenomenon in chemo-
sensory science.

Our study also has some limitations with potential impact upon
the validity of our findings, namely the absence of an objective
method to quantify OD (e.g. functional MRI) and the reduced
number of participants completing the sQOD-NS (owing to the
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entry question used). Furthermore, our investigation revealed a
disparity between subjectively reported OD and tested OD. This
disparity adds more complexity to the evaluation of OF after
COVID-19.

Conclusion

Our study revealed that the self-MOQ is a sufficient, easy-to-use,
time- and resource-efficient tool to screen for OD in COVID-19
patients at about 9 months after the original infection. Patients
with subjective olfactory problems by that time are more likely
to have worse Qol related to olfactory (sQOD-NS), sinonasal
(SNOT-22) and general health aspects of well-being (EQ-5D-5L).
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SUPPLEMENTARY MATERIAL

Local Health Authorities of Schleswig-Holstein

informed

h 4

PCR-positive individuals in Schleswig-Holstein following inclusion criteria

(1) positive PCR test for SARS-CoV-2

(2) age = 18 years

(3) residency in federal state of Schleswig-Holstein (at time of infection)
(4) informed consent

(Exclusion criterion was an acute re-infection with SARS-CoV-2)

!

Population based Study Cohort N=667

Telephone Interview
. . (n=667)
Collection of Demographic
Information (N=667 ) Onfine/paper-based
Questionnaires
(n=667)
OF-VAS (n=601)
M SST
Assessment of OF |_< (Threshold: n=576; Discrimination: n=642;
v | Identification: n=656; TDI: n=570)
sel-MOQ (n=596)
Onsite-Visit (N=667) — e
‘ sQOD-NS (n=156) ‘
Assessment of QoL | SNOT-22 (n=586)
EQ-5D-5L & EQ-VAS
(n=592)

Figure S1. Process of participants’inclusion and examination.
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