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Summary
Background Multiple sclerosis is an inflammatory
disorder of the central nervous system. Inflamma-
tion may create high susceptibility to subclinical
atherosclerosis. The purpose of this study was to
compare subclinical atherosclerosis and the role of
inflammatory cytokines between the group of patients
with relapsing-remitting multiple sclerosis (RRMS)
and healthy controls matched for age and sex.
Methods The study group consisted of 112 non-di-
abetic and non-hypertensive RRMS patients treated
with disease modifying drugs (DMD) and the con-
trol group was composed of 51 healthy subjects. The
common carotid artery (CCA) intima media thickness
(IMT) was investigated. Serum levels of risk factors for
atherosclerosis and inflammatory cytokines were also
determined.
Results The mean CCA IMT (0.572± 0.131mm vs.
0.571± 0.114mm) did not differ (p> 0.05) between
patients and controls. The RRMS patients’ CCA IMT
was significantly correlated with serum interleukin 6
(IL-6) (p=0.027), high-sensitivity C-reactive protein
(hs-CRP) (p= 0.027), cystatin C (p<0.0005), glucose
(p= 0.031), cholesterol (p=0.008), LDL (p= 0.021),
erythrocyte sedimentation rate (p= 0.001) and triglyc-
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eride (p=0.018) level. We fitted generalized linear
models in order to assess the relationship between
CCA IMT and IL-6 with adjustment for sex and age.
The obtained results showed that adjusted for age (p<
0.001) and sex (p=0.048) IL-6 serum levels statistically
significantly (p= 0.009) predict CCA IMT only in the
RRMS group.
Conclusion The findings of the present study suggest
that when treated with DMD RRMS might not be an
independent risk factor for early atherosclerosis pre-
senting with arterial wall thickening; however, the re-
sults suggest a significant association of IL-6 serum
levels with CCA IMT only in the RRMS group.

Keywords Inflammation · Neuroimmunology ·
Carotid intima media thickness · Cystatin C ·
Interleukin 6

Introduction

Multiple sclerosis (MS) is a common, inflammatory,
disabling, immune-mediated and chronic disorder of
the central nervous system [1]. The prevalence and
incidence of MS are higher in the western world [2].
Early treatment is an important factor in the pro-
longed survival [2, 3] of patients with MS. Age-re-
lated vascular diseases are a very important part of
the spectrum of conditions associated with MS [4].
Inflammation is present in all stages of multiple scle-
rosis and may create high susceptibility to subclinical
and clinical atherosclerosis [5]. Subclinical atheroscle-
rosis has been inconsistently investigated in MS [5].
Atherosclerosis, like MS, is a complex and chronic
inflammatory disease [6]. It involves an inflamma-
tory fibroproliferative response and has an autoim-
mune component [6]. Carotid intima media thickness
(cIMT) is considered as an early indicator for (subclin-
ical) atherosclerosis [6]. Elevated proinflammatory cy-
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Table 1 Baseline characteristics of MS patients and controls
MS patients
(N= 112)

Controls
(N= 51)

P

Age (years) 40.66± 8.95 40.45± 9.54 NS

MS duration (months) 87.50± 59.85 / /

Smoking (%) 25.00 25.49 NS

hs-CRP (mg/L) 2.49± 7.42 2.24± 3.90 NS

Creatinine (mmol/L) 65.286± 12.3671 72.843± 13.2716 <0.001

Uric acid (µmol/L) 238.241± 79.3616 255.961± 57.7262 <0.05

CCA IMT (mm) 0.572± 0.131 0.571± 0.114 NS

BIF IMT (mm) 0.736± 0.171 0.758± 0.194 NS

Glucose (mmol/L) 4.660± 0.931 4.743± 0.536 <0.05

Cholesterol (mmol/L) 5.3953± 1.07797 5.3071± 1.21927 NS

Triglycerides (mmol/L) 1.284± 0.6844 1.363± 1.1529 NS

HDL (mmol/L) 1.7972± 0.48354 1.7167± 0.52804 NS

LDL (mmol/L) 3.435± 0.8941 3.298± 0.9667 NS

Homocysteine (mmol/L) 11.106± 4.1197 10.259± 3.2741 NS

Cystatin C (mg/L) 0.8156± 0.1356 0.8302± 0.1156 NS

LEU (x 109/L) 6.2101± 2.18614 6.2208± 1.61913 NS

BMI (kg/m2) 24.146± 4.6860 24.588± 3.9728 NS

ESR (mm/h) 10.51± 8.324 9.98± 9.421 NS

HB (g/L) 138.527± 15.52 141.843± 14.66 NS

IL-6 (pg/mL) 4.75± 2.04 4.73± 2.15 NS

TNF α (pg/mL) 14.25± 33.30 14.41± 21.55 NS

MS duration The duration of multiple sclerosis, CCA IMT common carotid arteries intima media thickness, BIF IMT intima media thickness in the area of bifurca-
tion, HDL HDL cholesterol, LDL LDL cholesterol, LEU leukocytes, BMI body mass index, ESR erythrocyte sedimentation rate, HB hemoglobin, IL-6 interleukin 6,
TNF α tumor necrosis factor α, NS not significant, hs-CRP

tokines are characteristic for both diseases (MS and
atherosclerosis) [5, 6]. A very important and yet unan-
swered question is whether patients with MS have an
increased risk for diseases associated with atheroscle-
rosis, such as ischemic stroke, coronary disease and
peripheral vascular disease. [7–10]. Some studies in-
dicated that vascular disease is a significant cause of
death in patients with MS [9]. The existence of any
vascular risk factor is associated with the faster onset
of walking disability in patients with MS [11, 12]. Cur-
rently, it is not fully understood why certain vascular
risk factors affect the disability but it is believed that
chronic inflammation of the arteries plays an impor-
tant role [13].

The purpose of this study was to compare subclin-
ical atherosclerosis between patients with relapsing-
remitting multiple sclerosis (RRMS) treated with dis-
easemodifying drugs (DMD)without vascular risk fac-
tors and healthy control subjects, matched for age and
sex.

Material and methods

Patients and methods

The study group included 112 non-diabetic and non-
hypertensive RRMS patients (mean age 40.66± 8.95)
treated with DMD. They were recruited in a con-
secutive manner from the outpatient unit of Depart-

ment of Neurology at the University Medical Centre
(UMC) Maribor in Slovenia in the year 2018. The
MS patients were diagnosed according to the McDon-
ald criteria [14, 15]. As a control group 51 healthy
subjects matched by age and sex were selected from
hospital personnel. The exclusion criteria were dia-
betes mellitus, hypertension, known coagulopathy or
platelet disease, malignant or infectious diseases and
known cardiovascular disease or past cardiovascular
event. Patients with RRMS without DMD were also
excluded. Written informed consents were obtained
from all participants included in the study. This study
was performed in accordance with the principles of
the Declaration of Helsinki and the study was ap-
proved by the national ethics committee (reference
number: 0120-539/2017-3, KME 23/10/17).

Ultrasonographic scanning of the carotid artery was
performed in MS patients and healthy controls. It
was done with high-resolution echo color Doppler ul-
trasonography with a multifrequency 5–10MHz linear
probe on the General Electric Logiq 7 system (Yoko-
gawa Medical Systems, Tokyo, Japan). The subjects
were placed in a supine position with slightly hyperex-
tended necks and were rotated away from the imaging
transducer. Three clearly visible images that were cap-
tured in real time on the cineloop frame grabber were
used for analysis. A fourfold magnification was used
for image display and analysis of both carotid arteries.
The IMT was examined in the common carotid arter-
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Table 2 Characteristics of MS patients
DMD Number of patients (%) Sex (F/M) Age

(years)
CCA IMT (mm) IL-6

(pg/mL)

DMF 31 (27.68%) 22/9 38.06± 6.87 0.533± 0.077 4.49± 2.05

IFN 17 (15.18%) 13/4 43.06± 7.94 0.593± 0.094 4.32± 1.58

Teriflunomide 16 (14.29%) 13/3 50.88± 6.51 0.691± 0.135 4.66± 1.53

Natalizumab 16 (14.29%) 11/5 38.69± 8.18 0.579± 0.115 5.40± 2.51

GTR 9 (8.04%) 4/5 37.11± 8.36 0.530± 0.122 5.01± 2.67

Fingolimod 19 (16.96%) 12/7 39.74± 9.22 0.553± 0.105 5.05± 2.17

Alemtuzumab 2 (1.79%) 1/1 32.00± 8.49 0.442± 0.035 4.95± 0.92

Anti-CD20 2 (1.79%) 2/0 28.00± 4.24 0.500± 0.071 3.70± 2.40

DMD disease modifying drug, DMF dimethyl fumarate, IFN interferon beta-1a/1b, GTR glatiramer acetate, Anti-CD20 anti-CD20 monoclonal antibodies (rituximab
or ocrelizumab), CCA IMT common carotid arteries intima-media thickness, IL-6 interleukin 6, F female, M male

ies (CCA) and in the area of bifurcation (BIF). The
same definition of IMT was applied as in the other
studies [16–22] and IMT was defined as the distance
between the leading edge of the media adventitia in-
terface of the far wall. A plaque-free area was used
for IMT measurements. The average value was cal-
culated from the same section of the artery. All the
measurements were performed by the same trained
and licensed examiner who was blinded to the clini-
cal characteristics of the subjects.

The patients were evaluated using the multiple
sclerosis functional composite (MSFC) scale and the
expanded disability status scale (EDSS). Both instru-
ments are frequently used as an endpoint in clinical
trials to evaluate the effectiveness of DMD and as
tools to assess disability (progression) in patients with
MS [23]. Kurtzke defined the EDSS [24] as a clinician-
administered valuation scale assessing the functional
systems of the central nervous system. The EDSS con-
sists of an ordinal score system [24]. The values range
from 0 (normal neurological status) to 10 (death due
to MS) in 0.5 intervals (after reaching EDSS 1) [24].
Walking ability/disability heavily determines EDSS
values above 4.0 [24]. Another disability assessment
tool, the MSFC [25], was developed by the MS So-
ciety’s clinical assessment task force [26] as another
clinical scale of MS disability progression. The main
purpose for creating the MSFC was to expand the ex-
isting measure of MS disability for clinical trials and
to develop a multidimensional metric system of com-
plete MS clinical condition [26]. The MSFC consists
of a three-part performance scale for assessing the
degree of impairment in patients with MS. It consists
of the evaluation of leg function (timed 25-foot walk,
T25FW), the evaluation of arm/hand function (9-hole
peg test, 9HPT) and an attention/concentration test
to evaluate higher cortical functions (paced auditory
serial addition test, PASAT) [26]. A combined and
united MSFC score is calculated using Z-scores [26].

The RRMS patient and healthy control serum levels
of high-sensitivity C-reactive protein (hs-CRP), total
cholesterol, HDL cholesterol, LDL cholesterol, triglyc-
erides, glucose, interleukin 6 (IL-6), tumor necrosis
factor α (TNF α), creatinine, uric acid, homocysteine,

cystatin C, erythrocytes, leukocytes, hemoglobin,
erythrocyte sedimentation rate (ESR) and hemat-
ocrit were measured by routine laboratory methods
at the UMC Maribor.

Statistical analysis

Values were expressed as the mean± SD unless in-
dicated otherwise. Data was analysed with SPSS
Statistics 24.0 software (IBM, Armonk, NY, USA).
Student’s t-test was used to compare mean values
between the groups. Associations of categorical vari-
ables were tested using χ2-testor Fisher’s exact test.
Differences of continuous variables between two in-
dependent groups were determined using Mann-
Whitney U-test after Kolmogorov-Smirnov test of nor-
mality. Correlations between continuous variables
were assessed using Spearman’s correlations after
Kolmogorov-Smirnov test of normality. Regression
models were fitted using generalized linear models
with CCA IMT as linear dependent variable. Mod-
els were built using disability measures, cystatin C
or IL-6 serum levels adjusted for sex as factor and
age at CCA measurement as covariate. Additionally,
generalized linear models and pairwise Kruskal-Wallis
H-test were used to assess association of DMD with
CCA IMT (adjusted to age at CCA IMT measurement)
and IL-6 serum levels, respectively. P value≤ 0.05 was
considered statistically significant.

Results

Of the 112 RRMS patients included in the study,
78 (69.6%) were female and the control group com-
prised 35 (68.6%) females. Baseline characteristics
of patients and healthy controls are shown in Ta-
ble 1. Additional characteristics of MS patients are
presented in Table 2. We found no statistically signifi-
cant differences (p>0.05) in CCA IMT values between
RRMS patients treated with DMD (0.572± 0.131mm)
and healthy controls (0.571± 0.114mm). Mean BIF
IMT (0.736± 0.171mm vs. 0.758± 0.194mm) also did
not differ between patients (mean age 40.66± 8.95
years) and healthy controls (mean age 40.45± 9.54
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Table 3 Correlations between CCA IMT and serum laboratory parameters
Parameter ρ P value ρ P value

RRMS patients Healthy controls

hs-CRP 0.227 0.027 0.460 0.001

ESR 0.312 0.001 0.374 0.007

Glucose 0.204 0.031 0.213 0.134

Cystatin C 0.328 <0.001 0.071 0.618

Total cholesterol 0.248 0.008 0.410 0.003

Triglycerides 0.223 0.018 0.116 0.416

LDL 0.218 0.021 0.413 0.003

IL-6 0.210 0.027 0.069 0.629

Creatinine 0.103 0.279 –0.092 0.519

Uric acid –0.112 0.199 –0.115 0.420

HDL –0.079 0.408 0.092 0.522

Homocysteine –0.027 0.774 –0.082 0.568

TNF α –0.001 0.996 0.026 0.859

CCA IMT common carotid arteries intima-media thickness, hs-CRP high-sensitivity C-reactive protein, HDL HDL cholesterol, LDL LDL cholesterol, IL-6 inter-
leukin 6, TNF α tumor necrosis factor α, ρ Spearman’s rank correlation coefficient

years), but in both groups mean BIF IMT was signifi-
cantly higher than mean CCA IMT (p<0.01).

There was no statistically significant difference be-
tween RRMS patients and healthy controls in smoking
status, age and BMI.

The RRMS patients had statistically significant
lower values of serum creatinine (65.29± 12.37mmol/L
vs. 72.84± 13.27mmol/L; p< 0.001), serum uric acid
(238.24± 79.36µmol/L vs. 255.96± 57.73µmol/L,
p= 0.041) and glucose (4.660± 0.931mmol/L vs.
4.743± 0.536mmol/L, p=0.047) than healthy con-
trols. No significant difference was observed in total
cholesterol, HDL cholesterol, LDL cholesterol and
triglycerides serum levels between groups.

In the RRMS group statistically significant positive
correlations between average CCA IMT values and
EDSS (ρ=0.222, p= 0.019), T25FW (ρ= 0.317, p= 0.001)
and dominant hand on 9HPT (ρ=0.221, p= 0.019)
were found.

Subsequently, correlations of CCA IMT and labora-
tory parameters were performed and are presented in
Table 3.

The CCA IMT values were also positively correlated
with RRMS patient age (ρ= 0.729, p< 0.001) and BMI
(ρ= 0.285, p=0.002). Healthy controls’ age (ρ= 0.702,
p< 0.01) and BMI (ρ= 0.351, p=0.013) were also corre-
lated with CCA IMT.

In addition to the correlations, we fitted general-
ized linear models in order to assess the relationship
between CCA IMT and disability measures, cystatin C
or IL-6 with adjustment for sex and age. Analyses were
performed using RRMS patients and healthy controls
divided datasets.

For testing of disability measures, models were fit-
ted using only RRMS patients’ dataset. When adjusted
for the aforementioned covariates, EDSS, T25FW and
9HPT did not prove to be predictors of CCA IMT, while

age and sex remained significant predictors of CCA
IMT (Table 4).

The obtained results showed that in RRMS patients
IL-6 serum levels (p= 0.009), age (p<0.001) and sex
(p= 0.048) statistically significantly predicted CCA IMT
(Table 5). On the other hand, using only healthy con-
trols dataset, IL-6 serum levels did not significantly
predict CCA IMT, while age (p<0.001) remained a sta-
tistically significant predictor in the fitted model (Ta-
ble 5).

Moreover, the same models were fitted in order to
assess the relationship between CCA IMT and cys-
tatin C serum levels. The results showed no significant
prediction of cystatin C serum levels regardless of the
dataset (Table 6). Only a significant prediction of age
(p< 0.001) in both RRMS and healthy controls groups
was observed.

Additionally, the associations of CCA IMT and IL-6
serum levels with DMD were assessed but no statisti-
cally significant differences were observed.

Discussion

The present study demonstrated that there is no sta-
tistically significant difference in carotid IMT (CCA
and BIF), which is an indicator of asymptomatic
atherosclerosis [27, 28], between RRMS patients
treated with DMD and healthy controls. It is the
first study with homogeneous RRMS treated with
DMD cohort with more than 35 patients. Yuksel et al.
[29] analyzed cIMT and hs-CRP in RRMS patients with
DMD. Their study [29] included 35 RRMS patients
treated with DMD and 34 healthy controls. The mean
age of our RRMS study population (40.66± 8.95 years)
was slightly higher than theirs (37.1± 7.6 years). There
was less difference between the mean age between
RRMS patients and healthy controls in our study
(40.66± 8.95 years vs. 40.45± 9.54 years, p> 0.05) than
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Table 4 Use of a generalized linear model for the analysis of disability measures (EDSS/T25FW/9HPT) as possible predictors
of CCA IMT with age and sex as covariates
Parameter B SE 95% CI P value

RRMS patients

Sex –0.036 0.017 –0.068–(–0.003) 0.031

Age 0.009 0.001 0.008–0.011 <0.001

EDSS 0.000 0.005 –0.011–0.010 0.962

RRMS patients

Sex –0.035 0.017 –0.067–(–0.003) 0.034

Age 0.009 0.001 0.007–0.011 <0.001

T25FW 0.001 0.004 –0.006–0.009 0.743

RRMS patients

Sex –0.035 0.017 –0.069–(–0.001) 0.041

Age 0.009 0.001 0.008–0.011 <0.001

9HPT (dominant hand) 0.000 0.001 –0.002–0.002 0.899

B regression coefficient, SE standard error, 95% CI 95% confidence interval, EDSS expanded disability status scale, T25FW timed 25-foot walk, 9HPT 9-hole peg
test

Table 5 Use of a generalized linear model for the analysis of IL-6 as a possible predictor of CCA IMT with age and sex as
covariates
Parameter B SE 95% CI P value

RRMS patients

Sex –0.032 0.016 –0.063–0.000 0.048

Age 0.009 0.001 0.008–0.011 <0.001

IL-6 0.009 0.004 0.002–0.016 0.009

Healthy controls

Sex 0.041 0.022 –0.003–0.085 0.066

Age 0.006 0.001 0.004–0.008 <0.001

IL-6 0.006 0.005 –0.004–0.015 0.239

B regression coefficient, SE standard error, 95% CI 95% confidence interval, IL-6 interleukin 6

in the study from Yuksel et al. (37.1± 7.6 years vs.
34.5± 6.3 years, p> 0.05) [29], although both differ-
ences were not statistically significant. Mean cIMT
was significantly greater in the patient population in
their study, while there was also a difference in hs-
CRP serum level between RRMS patients (0.5mg/L)
and healthy controls (1.2mg/L) [29]. The difference
in cIMT thickness (0.6± 0.1mm vs. 0.5± 0.07mm) in
their study could be partly explained by the average
age difference between the groups, as RRMS patients
were on average slightly older. The average finding of
lower hs-CRP values in the RRMS group in their study
could be due to reduced inflammation due to DMD,
but the finding was not confirmed in the cohort from
our study.

Only nondiabetic normotensive male and female
RRMS patients treated with DMD were included in
our study. The findings suggest that RRMS itself, when
treated with DMD may not be an independent risk
factor for early atherosclerosis presented with arterial
wall thickening. Nevertheless, further studies should
be done to assess the role of subclinical atherosclero-
sis in RRMS patients who are not treated with DMD
and in patients with progressive MS with and without
DMD.

A study by Dagan et al. [30] that assessed the preva-
lence and potential association of hypertension with
MS-related disability progression revealed that dis-
ability progression was more prevalent amongst hy-
pertensiveMS patients; however, hypertensiveMS pa-
tients experienced longer time intervals between the
stages of disability progression. Patients’ cIMT was
not assessed in this study. Our study included only
normotensive patients but a positive correlation be-
tween the severity of disability (EDSS) and CCA IMT
was noticed. To our knowledge, it is also the first study
that found a positive association between CCA IMT
and leg function (T25FW) and between CCA IMT and
hand function (9HPT); however, with adjustment of
disability measures for sex and age, only sex and age
were predictive of CCA IMT.

Among many different markers of inflammation,
the CRP was proven to be a strong prognosticator of
vascular diseases independent of serum lipid levels
[31–34]. The CRP can also be engaged in the patho-
physiology of atherosclerosis [33]. An association be-
tween hs-CRP and CCA IMT was revealed in both
groups in our study; however, no elevated hs-CRP lev-
els in RRMS patients’ serum were found compared
with healthy controls. Moreover, we found that CCA
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Table 6 Use of a generalized linear model for the analysis of cystatin C as a possible predictor of CCA IMT with age and
sex as covariates
Parameter B SE 95% CI P value

RRMS patients

Sex –0.033 0.017 –0.066–0.000 0.051

Age 0.009 0.001 0.007–0.011 <0.001

Cystatin C 0.035 0.061 –0.086–0.156 0.570

Healthy controls

Sex 0.046 0.024 –0.001–0.093 0.053

Age 0.006 0.001 0.003–0.008 <0.001

Cystatin C 0.061 0.099 –0.133–0.254 0.539

B regression coefficient, SE standard error, 95% CI 95% confidence interval

IMT was associated with cystatin C and IL-6 serum
levels only in RRMS group and not in healthy con-
trols group. Cystatin C is a known potential marker
of early stage atherosclerosis [35] but the literature
lacks sound data on the role of cystatin C in MS. Fur-
thermore, IL-6 serum levels were found to be associ-
ated with CCA IMT regardless of the adjustment for
RRMS patient sex and age. Despite predictive value
of patient age and sex, IL-6 serum levels remained
highly significant predictors for CCA IMT. The IL-6 is
a crucial inflammatory cytokine [36]. It stimulates the
inflammatory process that influences the atheroscle-
rosis [36]. Many diseases (acute infections, chronic
inflammatory diseases, such as MS) stimulate IL-6 re-
lease [36]. Elevated serum levels of IL-6 found in such
disorders/illnesses have multiple functions, including
being an important mediator of fever and of acute
phase response, altering the function of endothelial
cells, elevated coagulation risk, and promotion of lym-
phocyte proliferation and differentiation [36].

A positive correlation was also found between CCA
IMT values and serum cholesterol, LDL cholesterol,
triglycerides and glucose levels. Therefore, we cannot
completely exclude the additional role of traditional
risk factors for atherosclerosis even in normotensive
and nondiabetic RRMS patients treated with DMD.

The limitation of the present study is that patients
with RRMS without DMD and patients with progres-
sive form of MS were not included. Most patients
with RRMS in our hospital are treated with DMD, so
it would be very difficult to find a comparable group of
patients without DMD. Moreover, patients with pro-
gressive forms of MS are usually older and have more
comorbidities, such as hypertension that could have
an additional impact on atherosclerosis. Additionally,
people from Central Europe were included.

Conclusion

The study findings suggest that RRMS itself, when
treated with DMD, may not be an independent risk
factor for early atherosclerosis presented with arte-
rial wall thickening. The RRMS group’s CCA IMT
was significantly correlated with disability measures,
cystatin C, IL-6, hs-CRP, ESR serum levels and with

some traditional serum risk factors for atherosclerosis.
Moreover, the obtained results suggest a significant
association of IL-6 serum levels with CCA IMT in
RRMS patients. Despite the significant prediction
of CCA IMT by age and sex, adjusted IL-6 levels also
proved to be a highly significant predictor of CCA IMT
in RRMS patients. Nevertheless, further studies are
warranted to assess the role of subclinical atheroscle-
rosis in RRMS patients who are not treated with DMD
and in patients with progressive MS with and without
DMD.
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