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Abstract: Existing data suggest that people with multiple sclerosis (pwMS) are at an elevated risk
for experiencing olfactory impairment. We investigated if smell dysfunction can be used as an MS
disease marker. This is a cross-sectional, case–control study. All data were collected prospectively
from 171 participants, 115 pwMS and 56 controls (age and sex stratified and matched to the patients),
who reported smell, taste, and nasal breathing, and completed the Greek-validated questionnaires for
nasal obstruction (NOSE), nasal-symptoms QoL (SNOT-22), and olfaction-associated QoL (QOD). The
smell was assessed with the “Sniffin’ sticks” (odor threshold (OT), discrimination (OD), identification
(OI) test, and total TDI). We recorded the pwMS disease characteristics (Expanded Disability Status
Scale-EDSS, the disease type and duration), cognitive function, emotional status, fatigue, and impact
of MS in everyday activities. A TDI < 30.75 (hyposmia) was detected in 30.8% of the patients.
The patients’ OD and TDI scores were significantly lower than the controls’ (p = 0.005, and 0.015,
respectively). The hyposmia correlated with disease severity and duration. The EDSS score correlated
negatively with OD (r = −0.299, p = 0.001) and TDI (r = −0.242, p = 0.01). The disease duration
correlated negatively with OD (r = −0.305, p = 0.001, OI (r = −0.253, p = 0.008) and TDI (r = −0.3,
p = 0.001). The information processing speed (SDMT) correlated with OD, OT, and TDI (r = 0.302,
p = 0.002; r = 0.242, p = 0.016; r = 0.326, p = 0.001). The olfactory function is changing in MS in
accordance with disease progression.

Keywords: smell; olfaction; multiple sclerosis; olfactory threshold; identification; nasal symptoms;
quality of life; cognitive function; patient-reported-outcome measures; disease marker

1. Introduction

Smell disorders have been increasingly recognized in different neuroinflammatory and
neurodegenerative diseases. In multiple sclerosis (MS), studies have reported prevalence
rates of olfactory dysfunction ranging from 11% to 93% [1]. Existing evidence suggests that
smell impairment might be an under-recognized problem, but there are significant incon-
sistencies in the literature regarding the true extent of the issue [1–4]. These discrepancies
may stem in part from the testing modalities that were used to measure the olfaction, small
sample sizes, and the varying baseline disease characteristics of the patient populations
studied. Most studies report Threshold–Discrimination–Identification scores (TDI scores),
measuring the olfactory function with the “Sniffin’ Sticks” [4,5], some used the University of
Pennsylvania Smell Identification Test (UPSIT) [6,7], and a number of studies used different
tests measuring odor identification, threshold, or combinations with extensive or shorter
screening tests [1,7]. Sample sizes in studies range from 14 to 153 patients, and the patient
populations studied have varying disease characteristics. Only a few studies examined cog-
nitive [4,7] and emotional [1] status, and there is lack of information regarding confounding
factors related to nasal function. Our study examined if smell dysfunction in multiple
sclerosis can be used as a disease marker. We examined correlations of the hyposmia to
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the MS type, Expanded Disability Status Scale (EDSS), disease duration, cognitive and
emotional status, and evaluated the nasal-function-related confounding factors as well as
the nasal-symptoms/olfaction-associated quality of life (QoL).

2. Materials and Methods

This is a cross-sectional case–control study. The study was approved by the Institu-
tional Review Board and was carried out according to the Declaration of Helsinki. All
the participants provided written informed consent prior to enrollment in the study. All
data were collected prospectively from 171 participants, 115 people with MS (pwMS) and
56 controls (age and sex stratified and matched to the patients). All participants were
recruited on a consecutive basis, as the study was conducted in the frame of real-world
clinical practice.

Inclusion criteria for the pwMS subgroup were a diagnosis of MS according to the
revised 2017 McDonald Criteria, and adult age. The patients were consecutively recruited
from the Multiple Sclerosis Center of AHEPA University Hospital during their regular
visits. The healthy participants were community-dwelling adult volunteers with no history
of smell impairment. Exclusion criteria were a diagnosis of cognitive impairment and a
history of diseases, surgery, or toxic exposure which can impair smell. Moreover, patients
upon disease relapse and participants with an active infection, clinically or laboratory
confirmed, were excluded from the study. All patients were in disease remission, taking
into consideration the absence of clinical relapse as well as absence of MRI markers of
disease activity. No additional measurements of white matter lesion and/or volumetric
analysis were conducted.

The participants were asked to report smell disorders, taste disorders, nasal breathing
difficulties, and nasal discharge by means of self-assessment at a visual analogue scale
(VAS), and completed the Greek validated versions of questionnaires for nasal obstruction
(Nasal Obstruction Symptom Evaluation: NOSE) [8,9], for nasal-symptoms-associated
QoL (SinoNasal Outcome Test-22: SNOT-22) [10,11], and for olfaction-associated QoL
(Questionnaire of Olfactory Deficits: QOD) [12,13]. The olfactory function of all participants
was quantitatively assessed using the “Sniffin’ sticks” test (Burghart, Wedel, Germany),
that includes specific tests for odor threshold (OT), discrimination (OD), and identification
(OI) assessment [5,14,15]. The scores were summed up to a “Threshold Discrimination
Identification (TDI) score”. TDI score ranges from 0 to 48. Values of 16 or less represent
anosmia, values between 16 and 30.5 represent hyposmia, and values over 30.75 represent
normosmia [16].

An experienced Expanded Disability Status Scale (EDSS)-certified neurologist performed
the EDSS evaluation of the pwMS. The patients’ cognitive function (information processing
speed, verbal memory, visuospatial memory), depressive symptoms, fatigue, and impact
of MS in everyday activities were recorded by the treating team of neurologists. All pwMS
underwent cognitive screening, using the Greek version of the BICAMS battery [17–19], which
consists of three tests: (a) The Symbol Digit Modalities Test (SDMT) [20,21] as a measure of
information processing speed, (b) The Greek Verbal Learning Test (GVLT) [22] as a measure
of verbal memory, and (c) The Brief Visuospatial Memory Test–Revised (BVMT-R) [23]
as a measure of visuospatial memory. Additionally, the pwMS were administered the
Modified Fatigue Impact Scale (MFIS) [24] as a measure of self-reported fatigue, the Beck
Depression Inventory-Fast Screen (BDI-FS) [25] as a measure of mood, and the Multiple
Sclerosis Impact Scale-29 (MSIS-29) [26] in order to quantify the impact of MS symptoms on
everyday life activities. The MFIS was used for a more comprehensive assessment of fatigue
in MS [27]. A value greater than 38 is indicative of fatigue. The BDI-FS questionnaire has
been previously validated for use in multiple sclerosis [28]. It consists of 7 items with a
maximum score of 21. Scores of 0–3 indicate minimal depression and a diagnostic cut-off
value is ≥4.
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Data regarding the demographic characteristics of all the participants, smoking, and
the clinical characteristics of the MS patients were recorded, including the type of MS, EDSS
score, and disease duration.

The pwMS olfactory function was measured and compared to controls. The incidence
of hyposmia and impairment of odor threshold (OT), discrimination (OD), and identifica-
tion (OI) were measured. The confounding factors related to nasal function were evaluated.
The pwMS group was further divided into hyposmic and normosmic subgroups (TDI
values over 30.75). The nasal-symptoms-associated QoL and olfaction-associated QoL were
evaluated. The olfactory dysfunction was correlated to nasal symptoms, MS type, EDSS,
disease duration, cognitive function, and emotional status.

Statistical Analysis

For the comparison of self-reported smell disorders, taste disorders, nasal breathing
difficulties, and nasal discharge between pwMS and controls, Pearson’s chi square test was
implemented, as the self-reported results were handled as categorical variables. For the
comparison of gender distribution between cases and controls, as well as across MS type,
Pearson’s chi square test was implemented. For the comparison of age, SNOT22, NOSE,
identification score, discrimination score, QoD, threshold score, and TDI between pwMS
and controls, either independent samples using the Student’s T-test or Mann–Whitney U
Test were conducted following Kolmogorov–Smirnov Normality tests. For the comparison
of anosmic/hyposmic vs. normosmic, as well as anosmic vs. hyposmic vs. normosmic
distribution of individuals between cases and controls, Pearson’s chi square test was
implemented. This was similarly conducted for the comparison of anosmic/hyposmic vs.
normosmic as well as anosmic vs. hyposmic vs. normosmic distribution of individuals
among MS type. Spearman’s correlations were conducted only for pwMS in order to
investigate potential correlations between age, EDSS score, disease duration, cognition
measurements, and olfaction scores. Binary Logistic Regression analysis was conducted in
order to explore possible effect of factors on the olfactory outcome: the TDI-based patient
distribution into anosmic/hyposmic vs. normosmic was set as a dependent variable.
Two models were implemented: one with age, gender, disease duration, MS type, EDSS
score, smoking status, SDMT, GVLT, BVMT-R, MFIS, BDI, and MSIS as independent
variables, and a second model with age, gender, disease duration, MS type, EDSS score,
and smoking status as independent variables. Probabilities were calculated for each model
and the individual probability value was plotted against the binary anosmic/hyposmic vs.
normosmic status in order to obtain ROC curves. Statistical significance was set at α = 0.05
for all tests.

3. Results

The study cohort comprised of 171 participants, 115 pwMS and 56 healthy controls,
57 male and 114 female participants (40 male and 75 female pwMS, and 17 male and
39 female controls). Female participants represented 65.2% of the pwMS and 69.6% of
healthy controls. The patients’ ages ranged from 16 to 68 (mean 38.69 ± 12.19), and the
controls’ ages ranged from 19 to 61 (mean 37.29 ± 12.01).

There was no significant difference between the two groups concerning gender and
age (p > 0.05). The patients’ group was further divided to hyposmic and normosmic
subgroups (TDI values over 30.75). The average time from the onset of MS symptoms was
10.08 years (SD 8.47 years). The average time from diagnosis was 7.74 years (SD 7.8 years).
The mean EDSS was 3.7 (SD 2.02). The demographic and clinical data of the participants
are presented in Table 1.The MS group patients were diagnosed with Relapsing Remitting
MS-RRMS (83 patients, 72.17%), Primary Progressive MS-PPMS (16 patients, 13.9%), and
Secondary Progressive MS-SPMS (16 patients, 13.9%).

Regarding the self-reported nasal function, as it was recorded on a 0–4 symptom scale
for olfactory dysfunction, taste disorders, nasal breathing difficulty, and nasal discharge,
both groups of participants reported minimal symptoms: 92.7% of the controls and 93.9% of
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the patients reported minimal or no olfactory dysfunction (87.27% and 86.9%, respectively,
rated it as 0), 96.4% of the controls and 93.04% of the patients reported minimal or no taste
disorder (92.86% and 87.8%, respectively, rated it as 0), 92.86% of the controls and 88.7% of
the patients reported minimal or no nasal discharge, and 80.36% of the controls and 96.56%
of the patients reported minimal or no nasal breathing difficulties. The two groups were
only found to marginally differ in the self-reported nasal breathing difficulties (Pearson’s
chi square = 7.794, p = 0.05).

Table 1. Demographic and clinical data of the participants.

MS Patients Controls p

age 38.69 ± 12.19 37.29 ± 12.01 0.527 *

disease duration (years) 10.08 ± 8.47 N/A N/A

disease duration since
diagnosis (years) 7.74 ± 7.80 N/A N/A

EDSS 3.7 ± 2.02 N/A N/A

SDMT 45.07 ± 14.24 N/A N/A

GVLT 55.41 ± 11.9 N/A N/A

BVMT-R 22.21 ± 8.76 N/A N/A

MFIS 31.06 ± 21.76 N/A N/A

BDI-FS 3.85 ± 3.78 N/A N/A

MSIS 61.25 ± 22.64 N/A N/A

SNOT-22 21 ± 17.05 10.36 ± 12.76 <0.001 *

NOSE 13.25 ± 17.81 8.96 ± 12.63 0.532 *

QoD 17.49 ± 9.12 17.79 ± 9.13 0.967 *
* Mann–Whitney U test; EDSS: Expanded Disability Status Scale; SDMT: Symbol Digit Modalities Test; GVLT: Greek
Verbal Learning Test; BVMT-R: Brief Visuospatial Memory Test–Revised; MFIS: Modified Fatigue Impact Scale;
BDI-FS: Beck Depression Inventory-Fast Screen; MSIS: Multiple Sclerosis Impact Scale; N/A: non-applicable.

Compared to age and sex stratified normative data (A. Oleszkiewicz et al., updated
Sniffin’ Sticks normative data, 2019) 18.8% of the patients were hyposmic. A TDI < 30.75
(general definition of hyposmia) was detected in 30.8% of the patients (26.5% of the patients
with RRMS, 37.5% of those with PPMS, and 43.75% of those with SPMS).

We compared the patients’ olfactory ability to that of the controls. The patients’ OD and
TDI scores were significantly lower than the controls’. The olfactory status at enrollment is
presented in Table 2.

Table 2. The olfactory status of the participants.

MS Patients Controls p

OD 12.19 ± 0.23 13.3 ± 0.3 0.005 *

OI 14.08 ± 0.16 14.66 ± 0.15 0.06 *

OT 6.72 ± 0.26 6.96 ± 0.35 0.581 **

TDI 32.98 ± 0.48 34.92 ± 0.57 0.015 **
* Mann–Whitney U test; ** t–test; mean comparison test selected following normality test. OD: odor discrimination;
OI: odor identification; OT: odor threshold; TDI: Threshold Discrimination Identification.

We evaluated the nasal-function-related confounding factors, and the nasal-symptoms/
olfaction-associated QoL. The mean NOSE for the pwMS group was 13.25 (SD 17.81) and
for the controls 8.96 (SD 12.63), not significantly different (Mann–Whitney U test, p = 0.532).
This finding indicated that the two groups did not differ in nasal obstruction, which can be
related to reduced olfactory ability. The mean SNOT-22 (nasal-symptoms-associated QoL)
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for the pwMS group was 21 (SD 17.05), significantly worse (Mann–Whitney U test, p < 0.001)
than the controls’ mean, 10.36 (SD 12.76). Additional exploratory analysis of the SNOT-22
indicated that the two groups differed significantly in their responses about fatigue and
sleep disorders. The QoD (olfaction-associated QoL) mean scores for the patients and
controls were 17.49 (SD 9.12) and 17.79 (SD 9.13), respectively, which were found not to
differ significantly (Mann–Whitney U test, p = 0.967).

The mean TDI score of pwMS with a SDMT < 45 (39.64% of pwMS) was 31.45 (SD 4.72)
compared to 34.94 (SD 4.08) in pwMS with a SDMT ≥ 45. The mean TDI score of pwMS
with a BDI-FS score 0–3 (45.95% of pwMS) was 33.73 (SD 4.57) compared to 32.58 (SD 4.43)
in pwMS with a BDI-FS score ≥ 4.

We stratified the pwMS group into anosmic/hyposmic and normosmic. We exam-
ined correlations of the hyposmia to the MS type, EDSS scores, disease duration, and
cognitive and emotional status. The distribution of MS type did not differ between anos-
mic/hyposmic and normosmic patients (Pearson’s chi square = 2.322, p = 0.313).

Regarding hyposmia and MS disease characteristics, hyposmia correlated with in-
creased disease severity (EDSS) and increased disease duration. A lower EDSS score
was correlated with increased OD (r = −0.299, p = 0.001) and TDI (r = −0.242, p = 0.01)
scores. Increased disease duration correlated with reduced OD (r = −0.305, p = 0.001, OI
(r = −0.253, p = 0.008) and TDI (r = −0.3, p = 0.001) scores. Based on the observation that
hyposmia correlated with increased disease severity (EDSS) and increased disease duration,
we then conducted a stratified analysis by selecting MS patients with disease duration
equal to or less than 5 and 3 years, and compared the mean TDI scores between selected
MS patient groups and controls, respectively. Notably, upon these comparisons, the mean
TDI scores did not differ between MS and controls (34.35 ± 0.7 vs. 34.92 ± 0.57, p = 0.521
and 35.06 ± 0.79 vs. 34.92 ± 0.57, p = 0.886 for MS patients with disease duration equal
to or less than 5 years vs. controls and for MS patients with disease duration equal to or
less than 3 years vs. controls, respectively). The lack of statistical difference upon these
comparisons may be attributed to the reduction in the MS group sample size, which is
N = 46 and N = 32 for MS patients with disease duration equal to or less than 5 and 3 years,
respectively, whereas the total patient number in the study is N = 115.

The information processing speed (SDMT) of pwMS was correlated with higher OD,
OT, and TDI (r = 0.302, p = 0.002; r = 0.242, p = 0.016; r = 0.326, p = 0.001) scores. The
visuospatial memory (BVMT-R) was correlated with higher TDI (r = 0.227, p = 0.027) score.
The fatigue correlated with lower OT (Spearman’s rho = −0.221, p = 0.028), and exhibited a
tendency to correlate with lower TDI (Spearman’s rho = −0.189, p = 0.061) score.

Binary Logistic Regression model was able to predict the olfactory outcome, namely,
the TDI-based patient distribution into anosmic/hyposmic vs. normosmic when age,
gender, disease duration, MS type, EDSS score, smoking status, SDMT, GVLT, BVMT-R,
MFIS, BDI, and MSIS were set as independent variables (R Square = 0.443, p = 0.009).
Notably, when age, gender, disease duration, MS type, EDSS score and smoking status
were set as independent variables, the model was not able to predict the olfactory outcome
(R Square = 0.165, p = 0.069), thus underlining the importance of cognition measurements
in contributing to the predictive model of the olfactory outcome. For the two models, Area
Under the Curve (AUC) was 0.876 and 0.731, respectively (Figure 1).
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Figure 1. ROC curves of two probability prediction models of the olfactory outcome. Probabilities
were calculated based on Binary Logistic Regression models. (A) age, gender, disease duration,
Multiple Sclerosis disease type, EDSS score, smoking status, SDMT, GVLT, BVMT-R, MFIS, BDI, and
MSIS were set as independent variables. (B) Age, gender, disease duration, MS type, EDSS score,
and smoking status were set as independent variables. EDSS: Expanded Disability Status Scale;
SDMT: Symbol Digit Modalities Test; GVLT: Greek Verbal Learning Test; BVMT-R: Brief Visuospatial
Memory Test–Revised; MFIS: Modified Fatigue Impact Scale; BDI-FS: Beck Depression Inventory-Fast
Screen; MSIS: Multiple Sclerosis Impact Scale.

4. Discussion

Existing data suggest that pwMS are at an elevated risk for experiencing olfactory
impairment [2,29]. It is crucial to evaluate olfactory dysfunction as it affects the quality of
life [2,30]; smell is related to a person’s physical, behavioral, emotional, and cognitive state,
and also because there is growing evidence that the hyposmia in pwMS can be used as a
potential disease marker [2,29].

Our study evaluated a large cohort of pwMS presenting a sex, age, and MS types dis-
tribution representative of the general MS patients’ population. Their olfactory ability was
compared with recently published normative data and with a control group. A TDI < 30.75
(defining hyposmia) was detected in 30.8% of the pwMS (26.5% of the patients with RRMS,
37.5% of those with PPMS, and 43.75% of those with SPMS). Our findings are corroborated
by a recently published systematic review and meta-analysis of 1099 MS cases which found
that the pooled prevalence of olfactory dysfunction was 27.2% (95% CI: 19.7%, 35.4%) [29].
Compared to age- and sex-stratified updated Sniffin’ Sticks normative data, 18.8% of the
patients were found to be hyposmic (scores lower than the 10th percentile [16]. Interest-
ingly, 86.9% of the pwMS reported no olfactory dysfunction (they rated it as 0) and 93.9%
reported minimal or no dysfunction. Bsteh et al. also reported that although the pwMS had
significantly impaired olfactory ability, only 4.9% of those with RRMS and 3.5% of those
with progressive MS noticed or described an impairment of olfactory function [2].

The discrepancies between patient-reported olfactory ability and psychophysical
results have been extensively described, and are even more important for pwMS since this
is a multifaceted condition possibly affecting the person’s cognition, mood, and typically
inducing fatigue [2,27]. These factors further complicate the valid evaluation of olfaction
and render necessary the psychophysical testing. Our regression analysis demonstrated that
cognition measurements are contributing to the predictive model of the olfactory outcome.

Compared to our age- and sex-matched controls, the patients’ OD, and TDI scores
were significantly lower. Mirmosayyeb et al. reported lower TDI, OD, OI, and OT patients’
scores compared to controls [29]. In accordance with our findings, Bsteh et al. published
data suggesting that the odor threshold was markedly impaired in patients with relapse
activity within 12 months, and recovered in the absence of relapse [2]. Odor threshold scores
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strongly fluctuated within subjects at repeated measurements [2]. Threshold impairment
was found to be transient and predictive of inflammatory disease activity, while odor
discrimination was associated with disability progression. Furthermore, while impairment
of discrimination and identification were found to be associated with gray matter atrophy
in brain regions related to olfactory function, threshold impairment was not associated [31].

Regarding the olfactory dysfunction and MS disease characteristics, the hyposmia
(TDI) and the OD were found to correlate with the disability severity (EDSS) and the disease
duration. Greater disability and longer disease duration correlated with worse olfactory
ability (total score) and odor discrimination. A recent meta-analysis found that the pooled
prevalence of olfactory dysfunction was higher in studies with a mean EDSS higher than
three compared to those with EDSS lower than three (32.6% vs. 15.9%, p = 0.048) [29].
In a prospective 3-year longitudinal study on 151 pwMS, odor discrimination strongly
associated with EDSS progression [2].

Our study evaluated the nasal confounding factors via self-reporting of symptoms
and validated questionnaires. Regarding the self-reported nasal function, both groups of
participants, pwMS and controls, reported minimal symptoms. The two groups did not
differ in nasal obstruction, which can be related to reduced olfactory ability, as demonstrated
by the comparison of the NOSE scores. The significant differences in SNOT-22 mean
values between pwMS and controls could be taken falsely as an indication of different
nasal functions contributing to the olfactory ability differences [32], if exploratory analysis
of the items had not been undertaken, pointing to fatigue and sleep disorders as the
symptoms responsible for higher SNOT-22 mean values in pwMS. This is a characteristic
example of a rigorously developed and validated PROM [10,11,32] that can have a varying
degree of validity depending on its use in a broad range of contexts, populations, and
purposes [33,34].

The SDMT, a well-established and sensitive screening test for cognitive dysfunction,
has been reported to correlate with the disease severity, brain atrophy, and quality of life in
MS [35]. The SDMT correlated with the olfactory scores significantly and contributed to
the predictive model of the olfactory ability. Smell appears to be a disease marker in MS
and PROMs and olfactory ability tests may be introduced into core outcome sets used in
clinical trials in MS [33].

Among the strengths of our study are the large sample of pwMS of all types, the
comparison of olfaction and nasal function with a matched control group, and the compre-
hensive use of measures of nasal function, QoL, and neurocognitive and emotional function.
A limitation of our study is that we did not analyze imaging studies, relapse history, infec-
tion history, or the effect of treatments on the olfactory ability. Notably, olfactory function
has been recently associated with measurements of disability progression and the degree of
brain atrophy in the MRI [31]. With respect to infectious status, all patients were evaluated
in the absence of active infection, either clinically or laboratory confirmed. However, history
of past infections was not evaluated. Viral infections have been advocated to be implicated
in neuroinflammation and neurodegeneration, and the olfactory bulb has been suggested
as a potential route of entry for infectious agents into the CNS [36], a possibility further
highlighted in the era of the COVID-19 pandemic [37]. With respect to this, the addition of
MRI measurements and the infection history in the overall patient evaluation is expected
to be of increased value for future studies. Moreover, in the setting of the present study, a
discrepancy in the sample size between PwMS and controls is evident. This fact is in accor-
dance with the inherent limitations linked with control subjects’ recruitment for clinical
studies, as all participants were recruited on a consecutive basis. Special effort was made to
include matching populations in terms of gender and age, in order to yield comparable
results. Notably, propensity score matching is a promising analysis method to control for
confounding factors and discrepancies in the baseline characteristics between two groups
under study. Although this method is increasingly applied in real-world studies, especially
those including interventions, in order to correct for the absence of randomization [38] in
the present case–control study, we did not conduct a propensity score matching analysis.
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This is a limitation in the analysis, as the inclusion of a propensity score algorithm may
facilitate the reduction in selection bias in case–control studies [39]. However, as in the
setting of the present study the recruitment of participants in a consecutive manner yielded
groups with a discrepancy in sample size, the additional inclusion of a propensity score
algorithm is expected to further reduce participants’ numbers. Larger participants’ groups
which are more balanced in terms of sample size would be necessary in order to proceed
with such analysis.

5. Conclusions

The results of this study show that the prevalence of olfactory dysfunction in pwMS
is significantly higher than in the general population. Olfactory dysfunction might be a
useful and easily obtainable parameter to monitor patients with regard to inflammation
and neurodegeneration in MS. The olfactory function is changing in MS in accordance with
disease progression and can be used as a disease marker.
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