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Abstract
Introduction Plasma chemerin, which has chemotactic and adipogenic functions, is increased in several inflammatory diseases.
However, its relationship with multiple sclerosis (MS) has not been explored yet. In this study, we aimed to determine chemerin
levels and their possible role in MS.
Methods Chemerin serum concentrations were evaluated by using ELISA kit in 91 clinically definiteMS patients and 52 healthy
controls. The mean serum chemerin, insulin, and cholesterol levels were compared. Patients were divided into two groups
according to the body mass index (BMI), and the relationships between clinical and metabolic parameters were evaluated.
Results Serum chemerin levels were 10.46 ± 1.65 ng/mL in MS patients and 10.26 ± 2.14 ng/mL in the control group. No
significant difference was found between patients and controls (p = 0.55). We found no difference regarding age, gender, and
BMI between two groups (p = 0.053, p = 0.54, p = 0.41). However, female patients with MS had higher chemerin levels than
male patients. There were no associations between serum chemerin levels and EDSS score, annualized relapse rate, BMI, insulin
resistance, and serum cholesterol levels in MS patients.
Conclusion In this study, we aimed to determine serum chemerin levels in patients withMS. However, in our study, there was no
significant difference between serum chemerin levels of MS patients and healthy controls’. Additionally, chemerin levels were
not associatedwith other metabolic parameters, as well as cognitive dysfunction. Further studies are needed to evaluate the role of
chemerin in MS patients.
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Introduction

Multiple sclerosis (MS) is a chronic, inflammatory, demyelin-
ating disease of the central nervous system with unknown
etiology. The underlying pathogenesis of MS is assumed to
involve complicated autoimmune mechanisms. The interac-
tions between several genetic and environmental factors have
been implicated as risk factors.

Obesity is one of the modifiable risk factors identified to play
a role in the development, and also in the prognosis of the disease

[1]. Obesity leads to metabolic and endocrine dysfunction.
Adipose tissue has been recognized as a complex endocrine
organ that regulates metabolism and energy homeostasis.
Adipokines are bioactive molecules secreted by adipose tissue
that directly influences inflammatory processes. Several studies
have focused on the pathogenic roles of adipokines in autoim-
mune diseases. Previous studies concluded that adipokines are
associated with lipid metabolic disorders and play an essential
role in metabolism.

Chemerin is a newly identified novel adipokine and has
been associated with obesity and metabolic syndrome.
Serum concentrations of chemerin are elevated in obesity
and metabolic syndrome [2, 3]. Bozaoglu et al. [4] reported
that serum chemerin levels were correlated positively with
body mass index (BMI), fasting glucose, insulin, triglycerides
(TGs), and total cholesterol (TC) and negatively with high-
density lipoprotein cholesterol (HDL-C).

Chemerin is considered a proinflammatory adipokine, so it
may itself contribute to inflammation in obese subjects [5].
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Tomalka et al. [6] reported that increased levels of chemerin
are associated with obesity and overweight in patients with
MS. Prior studies in MS have suggested that elevated BMI
may be associated with more severe disability, cognitive dys-
function, worse quality of life, and more rapid disease pro-
gression [7–10]. Moreover, adequate physical activity, pro-
moting a healthy weight, has been investigated so far as a
probable protective factor in MS.

The role of adipokines participate in the mediation of the
immune response in MS is currently an active field of re-
search. However, there is no study regarding chemerin has a
role in the pathogenic process ofMS, in particular, modulating
the immune responses of MS patients. Therefore, we aimed to
evaluate the association of serum chemerin levels with clinical
variables, cognitive functions, and metabolic parameters relat-
ed to obesity in a group of MS patients.

Materials and methods

Participants

We included patients admitted to the Multiple Sclerosis Unit
at the University of Health Sciences, Izmir Bozyaka
Education and Research Hospital, between June 2018 and
September 2018. All of the patients were diagnosed with
relapsing-remitting multiple sclerosis (RRMS) according to
the revised McDonald 2010 Criteria. They were randomly
selected in order of admission. The inclusion criteria were
age over 18 years, disease duration of at least 1 year,
Expanded Disability Status Scale (EDSS) scores of 6 or less,
and willingness to participate. Patients were excluded if they
had any neurological disease other than MS, relapse within
three months, a metabolic or endocrine disorder that could
negatively affect cognition and metabolic parameters, an ac-
tive infection that might affect serum chemerin levels, a psy-
chiatric disease that could affect cognitive tests’ performance,
and alcohol or drug addiction. Also, subjects with lipemic
samples that interfere with biochemical testing due to high
lipid concentrations were excluded. The patient group was
compared to age and sex-matched healthy controls (HCs).
Healthy subjects consisted of the members of the hospital
staff. Demographic characteristics and metabolic parameters
were recorded.

Clinical evaluation

We consecutively enrolled 112 RRMS patients. Of the 112
RRMS patients available for analyses, five patients with active
infection were excluded. Besides, sixteen patients were also
excluded from the study; 8 were currently taking antidepres-
sant medications for depression, 4 had lipemic blood samples,
and four had EDSS scores higher than 6. Overall, a total of 91

patients with RRMS were included in the analysis. Patient
information, including disease onset, disease course, treat-
ments, relapses, and disability level, was reviewed by two of
the neurologists of the MS center. The neurological disability
of the patients was assessed with EDSS [11].

Biochemical tests

Blood samples were collected in the early morning after
fasting for 12 h. The serum levels of glucose, insulin, TC,
LDL-C, TGs, and HDL-C levels were determined by using
Beckman Coulter kits in AU 2700 biochemistry autoanalyzer
(Beckman Coulter Inc. Brea CA, USA). The insulin resistance
was evaluated using the Homeostasis Model Assessment of
Insulin Resistance Index (HOMA-IR). The index of insulin
resistance, HOMA-IR, was calculated according to the formu-
la as follows: HOMA-IR = fasting serum glucose concentra-
tion (mg/dL)/18.1 × fasting serum insulin concentration (uIU/
mL)/22.5 [12]. Patients with a value of HOMA-IR ≥ 2.5 were
considered to have insulin resistance, as other researchers did
[13]. Body mass index (BMI) was calculated as weight (kg)
divided by square of height (m2). BMI of 18.5 to 25 kg/m2

was defined as normal weight, BMI of 25.0–29.9 kg/m2 as
overweight, and a BMI of 30 kg/m2 or over is obese.

The blood samples for chemerin analysis were collected on
the same day. They were centrifuged at 1500×g for 15 min,
and serum samples were stored in plastic tubes in deep
freezers at − 80 °C until the time of analysis. Serum chemerin
concentrations were measured by ELISA methods using a
commercial assay (Human Chemerin/RARRES2 ELISA Kit
PicoKineTM, catalog number: EK1329, Boster Biological
Technology, Pleasanton CA, USA) according to the manufac-
turer’s instructions. It is a TMB colorimetric sandwich ELISA
kit with a range of 0.78–50 ng/mL. Intraassay and interassay
precision CV% of the kit were below 7.6% and 9.3%,
respectively.

Neuropsychological evaluation

All patients were examined at the time of recruitment and
underwent neuropsychological assessment described below.
Two examining neurologists with adequate training were
assigned to perform the tests. In order to evaluate the cognitive
functions of the patients, the Montreal Cognitive Assessment
Test (MoCA) and the Symbol Digit Modality Test (SDMT)
were performed. The physical activity of the patients was
assessed by using the Rapid Assessment of Physical Activity
(RAPA), and the presence of depression was investigated
using the Beck Depression Inventory (BDI), the fatigue was
investigated by using the Fatigue Severity Scale (FSS).
Neuropsychological tests were administered in a standardized
protocol under the same environmental conditions (room tem-
perature 22–24 °C). All tests were performed early in the
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morning, 2 h after a mild breakfast. All participants had a rest
for at least 10 min before the testing in a silent waiting room.

Montreal Cognitive Assessment Test

Cognitive functions were evaluated using the Montreal
Cognitive Assessment (MoCA) test. It is widely used as a
screening tool for the presence of cognitive dysfunction in
MS patients [14].

Symbol Digit Modality Test

We used the SDMT for cognition [15]. It examines patient
attention, concentration, and processing speed [15]. The
SDMT has been proposed for the assessment of cognitive
impairment in MS [16, 17]. Parmenter et al. [18] found that
a score of 55 or lower accurately classified cognitive impair-
ment in MS patients.

Rapid Assessment of Physical Activity

The RAPA is a validated self-reported test able to measure
physical activity in adults [19]. We assessed weekly physical
activity using the Turkish version of the RAPA Scale [20]. It
has nine items ask about different levels of physical activity,
as well as strength and flexibility training. The RAPA 1 score
categorizes five levels of physical activity. The RAPA 2, eval-
uates the strength and flexibility training, is scored separately.
The cut-off point of the RAPA is 6. Scoring any number less
than six is considered a suboptimal level of physical activity.
The 6 or 7 score defines an adequate level of health-enhancing
physical activity. RAPA test score ≤ 3 corresponds to a sed-
entary lifestyle or a very light activity level; values ≥ 4 indi-
cates a moderate to a vigorous, active lifestyle [19].

Beck Depression Inventory

Depression was assessed by the BDI commonly used for pa-
tients with MS [21]. The BDI is an objective self-report as-
sessment tool, including 21 items rated from 0 to 3. A total
score of BDI is calculated by summing the items’ results. The
test score can range between 0 and 63, and higher scores
determine the severity of depression. Three levels of depres-
sion were classified according to the standard cutoffs: 0–13
indicates no depression symptoms, 14–19 mild depression,
20–28 moderate depression, and 29–63 severe depression.

Fatigue Severity Scale

FSS was used to assess the severity of fatigue levels. The FSS,
which was published in 1989 by Krupp [22], is validated for
use in patients with MS [23]. It is a self-administered ques-
tionnaire that has nine items. Each statement is scored on a

scale of 1 to 7. The mean FSS score of 4 or higher is defined as
fatigue.

Statistical analysis

The statistical analyses were performed using IBM SPSS
Statistics for Windows (Version 21.0 Armonk, NY: IBM
Corp). The normal distribution of the data was analyzed by
examining the Shapiro–Wilk test and histogram graphs. Data
on normal distribution are expressed as mean ± SD and were
compared using a t test. Categorical variables are expressed as a
percentage and were compared using the chi-square test or
Fisher’s exact test, as appropriate. Nonparametric variables
were analyzed using the Mann–Whitney U test. Spearman cor-
relation analysis was performed to determine the direction and
level of relationships among variables. Multivariate logistic re-
gression analysis was used to test the independent association
and contribution of HDL-c, EDSS, SDMT, and chemerin with
the dependent variable (gender). All tests were considered sig-
nificant at p < 0.05. A priori sample size was calculated regard-
ing the information that plasma chemerin levels are elevated in
overweight/obese patients with multiple sclerosis [6]. For alpha
probability error of 0.05 and power of 0.80, a priori sample size
was calculated as 114 using G*Power (Ver. 3.1.9.4, Dusseldorf
University, Germany). According to the substantial evidence
from the literature, medium effect size (a Cohen’s d of 0.50)
is targeted. For the main objective of this study, a proposed
sample size of 143 subjects (91 patients withMS and 52 healthy
controls) would be more adequate. As a result, for alpha prob-
ability error of 0.05 and size effect index of Cohen’s d of 0.50,
our study has the statistical power calculated as 88.8%. Thus,
our proposed sample size of 143 will be more than adequate for
the main objective of this study and should also allow for ex-
pected attrition and our additional objectives of controlling for
possible subgroup analysis.

Results

The study population comprised of 91 MS patients and 52 HCs.
The demographical characteristics and clinical features of the
study population are presented in Table 1. Eighty-eight patients
(96.7%) were currently treated with disease-modifying drugs.
The distribution of DMD treatment modalities was as follows:
12 (13.2%) glatiramer acetate, 41 (45%) interferon-β; 15
(16.5%) fingolimod; 3 (3.3%) natalizumab; 9 (9.9%) dimethyl
fumarate; and 8 (8.8%) teriflunomide patients.

Association of chemerin with gender, age and BMI

Serum chemerin was measured in 91 MS patients and 52
healthy controls by the ELISA method. Patient and control
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groups were similar according to age, gender, and BMI. Fifty-
three (58.2%) of MS patients were female. We compared se-
rum chemerin levels in male and female MS patients.
Regarding chemerin levels, women showed higher levels than
men (p = 0.001). Moreover, we determined significant differ-
ences in HDL-C levels, SDMT, and EDSS scores among fe-
male patients compared to males (Table 2). A multivariate
logistic regression analysis with backward stepwise (Wald)
method was used to select the set of covariates independently
associated with the outcome. Predicted probability estimates
were constructed with the regression coefficient estimates
from the best-fitting logistic-regression model based on step-
wise selection criteria. The risk of elevated serum chemerin
levels in women with MS, was about 1.7-folds higher than the
males. In addition, among HCs, female subjects had higher
chemerin levels than males (p = 0.003). Female preponder-
ance is shown in Fig. 1. However, there was no difference
between female MS patients and males regarding age and
BMI (p = 0.393, p = 0.584, respectively). Comparisons of var-
iables in MS patients are summarized in Table 2. Chemerin
levels did not correlate with age and BMI. According to the
BMI index, only 17.5% (16) of MS patients were obese
(BMI ≥ 30). Patients with MS were divided into two sub-
groups according to the BMI status: BMI < 25 and BMI ≥
25. The results were as follows: in 43 patients who had
BMI < 25 and 48 patients had BMI ≥25, chemerin levels were

10.36 ± 1.62 ng/mL and 10.54 ± 1.69 ng/mL, respectively.
Chemerin levels were not different in either group (p = 0.802).

Chemerin, fasting glucose, insulin, and HOMA-IR in
MS patients and healthy controls

Chemerin levels in patients with MS were not different com-
pared to HCs (p = 0.304). Likewise, fasting serum glucose,
insulin, and HOMA-IR levels were similar in MS patients
and controls (p = 0.516, p = 0.670, p = 0.739). Chemerin
levels neither correlated with insulin, BMI nor HOMA-IR in
patients with MS (r = − 0.018, p = 0.862, r = 0.041, p = 0.702,
r = − 0.024, p = 0.820). Besides, chemerin levels neither cor-
related with insulin, BMI, and HOMA-IR in controls (r =
0.012, p = 0.933, r = 0.01, p = 0.942, r = − 0.014, p = 0.923).
The insulin resistance was present only in 20.8% of MS pa-
tients and 17.3% of HCs. Therefore, associations of serum
chemerin with insulin resistance were not calculated.
Regarding gender, there were no significant differences in
BMI, insulin levels, and the presence of insulin resistance
among MS patients (p = 0.584, p = 0.499, p = 0.627).
Although chemerin levels were higher in female MS patients,
chemerin did not correlate with BMI, HOMA-IR, and insulin
(r = 0.046, p = 0.296, r = − 0.108, p = 0.441, r = − 0.109, p =
0.438). Patients with higher BMI had significant HOMA-IR

Table 1 Demographic, clinical
and biochemical characteristics of
multiple sclerosis patients and
healthy controls

MS patients
mean ± SD (N = 91)

Healthy controls
mean ± SD (N = 52)

P value

Age, years 38.8 ± 9.9 36.6 ± 8.5 0.179

BMI (kg/m2) 25.4 ± 4.6 24.7 ± 4.0 0.413

Gender (male/female), no. (male %) 38/53 (41.7) 19/33 (36.5) 0.540

Education, years 10.3 ± 3.5 10.7 ± 3.7 0.604

RAPA 1 test 2.8 ± 1.1 3.2 ± 1.1 0.062

Disease duration, years 9.1 ± 6.4 –

EDSS score 1.9 ± 1.7 –

ARR 0.53 ± 0.37 –

Chemerin (ng/mL) 10.46 ± 1.65 10.26 ± 2.14 0.304

Fasting glucose (mg/dL) 92.3 ± 9.8 93.4 ± 9.2 0.878

Fasting insulin (μIU/mL) 8.0 ± 4.6 8.2 ± 4.5 0.670

HOMA-IR 1.85 ± 1.0 1.93 ± 1.24 0.739

TC (mg/dL) 206.5 ± 45.4 201.1 ± 37.7 0.817

TGs (mg/dL) 145.5 ± 102.5 105.1 ± 48.1 0.012*

LDL-C (mg/dL) 132.5 ± 34.2 126.5 ± 31.1 0.658

HDL-C (mg/dL) 51.4 ± 12.9 55.9 ± 17.6 0.326

MS, multiple sclerosis; SD, standard deviation; BMI, body mass index; RAPA, Rapid Assessment of Physical
Activity; EDSS, Expanded Disability Status Scale; ARR, annualized relapse rate; HOMA-IR, homeostatic model
assessment for insulin resistance; TC, total cholesterol; TGs, trigycerides; LDL-C, low density lipoprotein cho-
lesterol; HDL-C, high density lipoprotein cholesterol

*Significant p values are presented in italics (p < 0.05)
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and insulin levels compared to patients with normal BMI (p =
0.003, p = 0.002).

Association of chemerin with TC, TGs, LDL-C, and HDL-C

Serum chemerin, TC, LDL-C, and HDL-C levels were similar
in MS patients and controls (p = 0.304, 0.817, 0.658, 0.326).
However, serum TGs were significantly higher in patients
with MS (p = 0.012). Chemerin did not show any correlation
with TC, LDL-C, and HDL-C and TGs in MS patients. When
MS patients were grouped due to gender, female patients with
MS had significantly higher values for HDL-C (p < 0.001).
Women with MS are more prone to have increased HDL-C
levels (OR 1.1-folds) than men (Table 3). When MS patients
grouped according to the BMI, MS patients with higher BMI
had higher TGs levels than patients with normal BMI (p =
0.022) (Table 2). On the contrary, we did not find any differ-
ence in TGs levels among healthy controls when grouped into

two according to the BMI (p = 0.516). Also, chemerin levels
did not correlate with any metabolic parameter measured
among MS patients in either group. Serum TC and LDL-C
levels were higher in patients with EDSS ≥ 3 (p = 0.019 and
p = 0.011, respectively).

Association of chemerin with EDSS, ARR, and disease
duration in patients with MS

The EDSS scores of female MS patients were significantly
lower than males (p = 0.027). The risk of increased EDSS
scores in men was higher (OR = 1.34) (Table 3). Patients with
MSwere divided into subgroups according to the EDSS score:
EDSS score < 3 and EDSS score ≥ 3. When clinical character-
istics were compared according to the EDSS scores, there
were no significant differences in most parameters (Table 2).
Chemerin levels were not different in either the EDSS group
(p = 0.927). Patients with higher EDSS scores had significant-
ly lower education levels and longer disease duration (p =
0.032 and p < 0.001).

Association of chemerin with SDMT, MOCA, BDI, FSS,
and RAPA in patients with MS

FemaleMS patients scored significantly higher in SDMT (p =
0.037). However, female patients had similar MOCA, FSS,
and BDI scores with the male. Although chemerin levels were
higher in female MS patients, no association was found be-
tween chemerin and metabolic markers, disease parameters,
and neuropsychological assessments. Besides, patients with
higher EDSS scores had significantly lower scores in SDMT
(p = 0.001), but higher scores in FSS and BDI (p = 0.02, and
p = 0.014, respectively) (Table 2). Chemerin did not show any
association with SDMT, MOCA, BDI, and FSS in patients
with higher BMI. There were no significant differences in
cognitive tests, fatigue, and depression in MS patients with
higher BMI compared to patients with lower BMI. Just
21.3% of MS patients were regularly active, according to the
RAPA test. There was no significant difference between MS
patients and healthy controls regarding physical activity

Fig. 1 Chemerin concentrations (ng/mL) in MS patients compared to
healthy controls regarding gender

Table 3 Stepwise multivariate
logistic regression analysis for the
effect of gender on HDL-C,
EDSS, chemerin levels, and
SDMT scores

Covariate S.E Exp B 95% CI (lower limits-upper limits) p value

Constant (female)

HDL-C 0.025 1.094 1.042–1.148 < 0.001*

EDSS 0.161 0.665 0.485–0.912 0.011*

Chemerin 0.196 1.699 1.158–2.492 0.007*

SDMT 0.024 1.013 0.968–1.061 0.574

The final logistic regression model was applied. 95% CI, 95% confidence interval; BMI, body mass index; EDSS,
Expanded Disability Status Scale; SDMT, Symbol Digit Modality Test. *statistically significant p values
(p < 0.05) are presented in italics
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assessed by RAPA 1 test (p = 0.062) (Table 1). Chemerin
levels did not differ between patients who had an active or
sedentary lifestyle. However, active patients were less fa-
tigued and depressed (p = 0.018, p = 0.012).

Discussion

Currently, very little is known about the impact of chemerin
on inflammatory activity and neurological deterioration in
MS. In the present study, we investigated whether serum
chemerin had any association with obesity, particularly in
MS and healthy controls. Elevated circulating chemerin in
MS patients was described in a recent study [6]. However,
in this study, there was no difference concerning serum
chemerin levels among the patient subgroups and the healthy
controls. Besides, chemerin levels did not differ in obese and
overweight compared to normal weightedMS patients. On the
contrary, Tomalka et al. [6] reported that plasma chemerin
levels were elevated in overweight and obese patients with
MS. Notably, we found no associations between chemerin
levels and fasting serum glucose levels, insulin levels, and
insulin resistance at all. Tomalka et al. [6] further supported
this finding.

Chemerin has been associated with inflammation and met-
abolic syndrome, which are probable risk factors for develop-
ing MS. Hedstrom and coworkers [24]suggested that inflam-
matory and immunologic mechanisms in obesity may poten-
tially explain the association between adolescent obesity and
increased risk of MS.To our knowledge, the role of chemerin
in obesity and dysfunction of lipid metabolism is not thor-
oughly investigated in the course of MS. However, in our
study, there was no difference regarding chemerin levels and
insulin resistance among MS patients grouped according to
the BMI status.

Many factors impact the product ion levels of
adipokines, such as gender, age, and BMI [25]. However,
we found no differences between MS patients and healthy
individuals in terms of age, gender, and BMI. Our results
further showed that female MS patients exhibited higher
chemerin levels than males. However, there are conflicting
results in this issue. Our finding was in accordance with
several studies that detected higher chemerin levels in
women [2, 4, 26]. A study has found that women expressed
significantly more chemerin mRNA than men [27]. This
finding might be explained by the sex-related variations
in chemerin mRNA expression. Sex differences in circu-
lating adipokine levels have been reported before.
Although female patients had higher chemerin levels than
males, chemerin did not correlate with either metabolic
parameters in our study. Gender preponderance may be
due to the metabolic dysfunction of adipose tissue and
the influence of sex hormones.

In the present study, patients with MS had higher TGs
levels than controls. Notably, serum TGs levels were signifi-
cantly higher in overweight and obese MS patients than pa-
tients with normal weight. Serum chemerin levels were sig-
nificantly associated with TGs in overweight and obese MS
patients. Furthermore, obese MS patients had insulin resis-
tance and exhibited higher insulin levels compared to normal
weighted MS patients. However, we found that MS patients
with higher BMI had similar chemerin levels compared to
patients with normal BMI. Contrary to our presented findings,
Sledzinski et al. [28] reported that BMI was the main predictor
of serum chemerin concentration.

Obesity during adolescence has been associated with the
future risk of MS in females [29, 30]. Additionally, several
studies reported that serum chemerin concentration increases
in obesity andmetabolic syndrome and is correlated positively
with BMI, fasting glucose, insulin, TGs, and TC and nega-
tively with HDL-C cholesterol [2, 3]. On the contrary, our
findings revealed that chemerin was not related to serum
lipids, whereas a high BMI did not influence chemerin levels.
Another study suggested that disability progression was relat-
ed to higher LDL-C, TC, and TGs in patients with MS [31].
However, we found no association between chemerin levels
and relapse rate, EDSS scores, and disease duration in MS
patients. Cognitive test scores, depression, and fatigue were
not related to chemerin levels either.

In the present study, we did not observe a relationship
between BMI and physical activity level. No significant dif-
ferences in physical activity and capacity were detected be-
tween obese and nonobese MS patients. Our findings indicate
that MS patients are largely inactive according to the RAPA
test. Here, we observed that there were no differences between
physically active and sedentary patients regarding the EDSS
score, relapse rate, and disease duration.

There were several strengths of the current study. We eval-
uated a large group of RRMS patients and compared them to
HCs, including the measurement of chemerin. However, our
study has potential limitations. First of all, we analyzed serum
chemerin levels once during the MS course. The cross-
sectional design of the study prevented us from determining
the variability of the chemerin levels in time. Finally, we could
not mention the role and contribution of chemerin on disease
course and progression. Secondly, patients were evaluated
with current body weight. We are not able to differentiate
the effect of weight status before the diagnosis of disease
course and chemerin concentrations. Third, subjects with
MS were divided into only two groups according to the BMI
with the cutoff score 25. Therefore, overweight MS patients
were evaluated together with obese patients and were com-
pared to patients with normal weight. We did not include a
third group defined as obese. Themain reason for this division
concerned our desire to differentiate patients according to the
BMI, as obese patients were relatively a few in the whole
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patient group. Fourth, we included healthy subjects among the
members of hospital staff. This selection could be inappropri-
ate for the comparison. However, two groups were age, sex,
and physical activity matched. Future studies with larger co-
horts should examine whether chemerin levels differ between
obese and normal-weight MS patients. Finally, further re-
search investigating the effect of chemerin on the disease
course is needed.

In conclusion, chemerin was not related to lipid metabo-
lism, disease progression, and cognitive dysfunction. Finally,
we suggest that chemerin or obesity is not directly involved in
the prognosis and progression of MS. This issue needs to be
investigated in further studies. In conclusion, our findings
may raise new questions for exploring the obesity-related fac-
tors in the pathogenesis of MS.
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