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ARTICLE INFO ABSTRACT

Keywords: Objectives: The goal of this study was to evaluate the mean carotid intima-media thickness (CIMT) in patients
Multiple sclerosis with Multiple Sclerosis (MS).
Atherosclerosis

Methods: In this cross-sectional study, 100 patients with MS were enrolled. Carotid intima-media thickness was
measured by Doppler Ultrasonography. The mean CIMT was then compared between different groups of sex, age,
body mass index (BMI), medications, and site of the MS plaques in the brain and cervical MRI. In addition,
disease duration, annual relapse rate, and Expanded Disability Status Scale (EDSS) were compared between high
and normal CIMT groups.

Results: Among 100 patients, Sixty-two percent of the patients were female. The mean age was 35.95 + 9.32
years. Mean CIMT was 0.38 + 0.2 mm, and 22% of the patients had abnormal CIMT measures. CIMT was
significantly associated with higher age (P = 0.01) and prolonged disease duration (P < 0.001). CIMT was not

Carotid intima-media thickness

associated with other disease factors or types of the disease-modifying drug (P > 0.05).
Conclusion: Multiple Sclerosis might be associated with carotid atherosclerotic vascular disease.

1. Introduction

Multiple Sclerosis (MS) is a chronic inflammatory and immune-
mediated disease, causing disability in the young population [1]. It is
estimated that near 2.8 million people around the world live with MS
[2]. Early treatment is associated with longer survival in MS patients [3,
4].

Atherosclerosis is a complex and chronic inflammatory disease, and
chronic inflammation is a predictor of cardiovascular disease [5-7].
Subclinical atherosclerosis has been reported in multiple sclerosis pa-
tients [8]. Atherosclerosis is considered to be an important comorbidity
in MS patients as it may lead to vascular diseases of the central nervous
system, and deteriorate the neurologic disability and cognitive function
in MS patients [9].

Inflammation of the arteries reduces the endothelial function and
results in increased arterial stiffness [10,11]. Carotid artery
intima-media thickness (CIMT), the thickness of the intimal and medial
layer of the carotid artery wall, is a surrogate marker for assessing the
risk of cardiovascular risk [12,13].

Knowing that MS is an inflammatory disease and is linked to
atherosclerosis, assessing subclinical atherosclerosis in MS patients has
been achievable via measuring the inflammatory cytokines and markers
in the blood or cerebrospinal fluid (CSF) in the past [14]. Computed
tomography angiography and bed-side transthoracic ultrasonography is
efficient for the diagnosis of cardiovascular diseases such as pulmonary
embolism [15]. However, by introducing CIMT as a non-invasive
method for evaluating subclinical atherosclerosis, new tendencies
have emerged to use it as a surrogate marker to assess the risk of
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atherosclerosis [12].

Few studies are available regarding the CIMT in MS patients and the
difference in CIMT within different MS subtypes, and it is not still clear if
there is any association between CIMT and different disease-modifying
drugs used in MS. Herein, we have evaluated the CIMT in a group of
multiple sclerosis patients to study subclinical atherosclerosis in patients
with MS and some associations.

2. Materials and method
2.1. Study design and sampling

In this cross-sectional, observational study, one-hundred Multiple
Sclerosis patients (diagnosed with revised Mc. Donald criteria 2017 [16]
referring to a teaching tertiary neurology center hospital in (XXX) were
evaluated. The study period was from June 2020 to June 2021. Inclusion
criteria were age between 18 and 65 years old and disease duration <5
years. Exclusion criteria were significant underlying conditions affecting
atherosclerosis (such as smoking, high cholesterol, and triglyceride
levels, diabetes mellitus, dyslipidemia, hypertension, ischemic heart
disease), any attack during the past month, use of glucocorticoids during
the past 3 months, and the reluctance of the patients for continuing the
participation.

2.2. Assessment of carotid intima-media thickness (CIMT)

To measure CIMT, duplex ultrasound (B-Mode) was utilized. The
device was a Sonosite M-Turbo with an 8-Hz linear probe. IMT was
calculated in a B-mode by a single expert attending professor with a li-
cense in the field of neuro-radiology. A portion of the common carotid
artery without any evidence of atherosclerotic plaque was detected.
According to the protocol, the mean IMT (intima-media thickness) was
measured by calculating the thickness of the innermost two layers of
intima-media in 10 mm before the bifurcation of the common carotid
artery (CCA), where there were no atherosclerotic plaques. According to
the American Echocardiographic Association, mean CIMT above 75th
percentile for age, race, and gender was considered as a risk factor for
cardiovascular events [17].

Then, we evaluated the association of CIMT in patients’ sex, EDSS
score, clinical course (Clinically Isolated Syndrome, Primary Progressive
Multiple Sclerosis, Secondary Progressive Multiple Sclerosis, and
Relapsing-Remitting Multiple Sclerosis), Body Mass Index (BMI), annual
relapse rate, location of MRI plaques, and disease duration.

2.3. Statistical analysis

Categorical variables were described using frequency and percent,
and continuous variables were described using mean and standard de-
viation (median and interquartile range in case of nonparametric dis-
tribution). To compare CIMT level within levels of a categorical variable
with two levels or more than two levels, we used the independent
samples T-test (Mann-Whitney U test in case of nonparametric distri-
bution) and ANOVA tests, respectively. The Pearson correlation test was
used to evaluate the correlation between the variables. To correct the
effect of age and sex on CIMT, we used the ANCOVA test. P-value less
than 0.05 was assumed significant.

2.4. Ethical considerations

No personal data of the patients was revealed. All patients signed
informed consent and were notified that they could leave the study as
they wished. Patients were not charged with any additional cost. We
adhered to the 1964 Helsinki declaration and its further modifications.
This study was approved by the institutional ethics committee.

Unique identifying number is: researchregistry7495.

The methods are stated in accordance with STROCSS 2021
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3. Results

Of the 100 patients participating in the study, 62 (62%) were fe-
males. The mean age of the participants was 35.95 + 9.32 years old.
Near half of the patients had normal weight (51.5%). The relapsing-
reemitting type was the most common type of Multiple Sclerosis
(59%). Fifty-six percent of the patients received treatment, by which
Rituximab was the most commonly used medication (39.3%). The me-
dian EDSS score was 2 + 2, and the majority of the patients had an EDSS
score of 4.5 or lower. The annual relapse rate was 2.17%. Ninety-two
percent of the patients had periventricular brain lesions and 66% of
the patients had lesions in their cervical spine. Twenty-two percent of
the patients had increased carotid intima-media thickness compared to
the normal population, adjusted for age. The mean carotid intima-media
thickness was 0.38 4+ 0.2 mm (95% CI: 0.34-0.42) (Table 1). Table 1
shows the basic characteristics of the study.

Although CIMT was higher in men, there was no significant differ-
ence in CIMT between the two sexes. There was a significant correlation
between sex and CIMT (r = 0.2, p = 0.042). The mean CIMT was
significantly higher in patients older than 40 years old (p = 0.01). Also,
there was a significant correlation between age and CIMT (r = 0.2, p =
0.033). There was no significant difference in CIMT within BMI groups
(p = 0.7), and there was no significant correlation between CIMT and
BMI (p = 0.8) (Table 2).

After adjusting for age and sex, mean intima-media thickness did not
show a significant difference in medication types, MS subtypes, EDSS
score, and location of the lesions (p > 0.05) (Table 2). Table 2 shows the

Table 1
Baseline characteristics.

Variable

Age (Years old) Overall 35.95 (9.32)"
<40 69 (69)
>40 31 (31"

Female Sex 62 (62)°

Body Mass Index (Kg/m?) Overall 24.8 (4.1)"
Underweight 441"
Normal weight 51 (51.5) ®
Overweight 34 (34.3)"
Obese 10 (10.1) °

EDSS (Functional) Overall 2[2]1°¢
<4.5 96 (96)°
>5 414"

Clinical Course Relapsing-Remitting 59 (59) ”
Clinically Isolated Syndrome 19 191"
Secondary Progressive 15 [15] °
Primary Progressive 771"

Disease Duration (month) 30 (102)¢

Disease-Modifying Drugs No treatment 44 (44)°
Rituximab 22(39.3) "
Glatiramer Acetate 6(10.7) °
Teriflunomide 3(5.3)"
Dimethyl Fumarate 6(10.7) "
Fingulimode 3(5.3)"
Interferon (IM) 11 (19.6) °
Interferon (SC) 5(8.9)"

Annual Relapse Rate (%) 2.17 (1.54)"

Brain Lesions’ Location Periventricular 92 (92) b
Juxtacortical 62(62) "
Infratentorial 46 (46) "

Spinal Lesions’ Location Cervical 66 (66) b
Thoracic 14 141"

Carotid Intima-Media Thickness Overall (mm) 0.38 (0.20) *
Normal 78 (78) "
Increased 22 (22) "

EDSS: Expanded Disability Status Scale.
2 Mean (Standard Deviation).
b Number (Percent).
¢ Median (Interquartile Range).
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Table 2
Carotid intima-media thickness based on study characteristics.
Variable Mean 95% P-
+ SD Confidence Value
Interval
Sex Male 0.43 + 0.34-0.53 0.09
0.29
Female 0.35 + 0.32-0.37
0.10
Age <40 0.35 + 0.30-0.40 0.01
0.21
>40 0.44 + 0.40-0.49
0.12
Body Mass Index Underweight 0.40 + 0.27-0.52 0.7
(Kg/m?) 0.08
Normal Weight 040+ 0.33-0.47
0.25
Overweight 0.35 + 0.32-0.39
0.09
Obese 0.39 + 0.27-0.50
0.15
EDSS <4.5 0.38 + 0.34-0.42 0.9
0.20
>5 0.37 + 0.22-0.52
0.09
Clinical Course Clinically Isolated 0.30 + 0.25-0.34 0.7
Syndrome 0.09
Relapsing- 0.40 + 0.33-0.46
Remitting 0.23
Secondary 0.40 + 0.32-0.47
Progressive 0.13
Primary 0.45 + 0.38-0.52
Progressive 0.07
Disease Modifying No treatment 0.37 + 0.29-0.46 0.4
Drugs (DMDs) 0.27
Rituximab 0.42 + 0.37-0.47
0.11
Glatiramer Acetate  0.35 + 0.23-0.46
0.10
Teriflunomide 0.40 + 0.03-0.83
0.17
Dimethyl 0.36 + 0.28-0.45
Fumarate 0.08
Fingulimode 0.50 + 0.25-0.74
0.10
Interferon 0.37 + 0.29-0.44
(intramuscular) 0.11
Interferon 0.30 + 0.21-0.38
(subcutaneous) 0.07
Periventricular Yes 0.27 + 0.35-0.43 0.4
Brain Lesion 0.07
No 0.39 + 0.21-0.33
0.20
Juxtacortical Brain Yes 0.36 + 0.33-0.45 0.1
Lesion 0.11
No 0.39 + 0.32-0.40
0.23
Infratentorial Brain Yes 0.36 + 0.32-0.39 0.6
Lesion 0.11
No 0.39 + 0.33-0.47
0.23
Cervical Spine Yes 0.37 + 0.34-0.40 0.2
Lesion 0.11
No 0.41 + 0.30-0.51
0.30
Thoracic Spine Yes 0.36 + 0.34-0.40 0.7
Lesion 0.10
No 0.38 + 0.30-0.51
0.21

difference in intima-media thickness among categorical variables of the
study.

After adjusting for age and sex, patients with high intima-media
thickness had longer durations of the disease. The median disease
duration was 78 + 90 months in patients with increased CIMT, and 21 +
37 months in patients with normal CIMT (p < 0.001). There was no
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significant difference in annual attack rate between patients with
normal or increased CIMT (p = 0.2). Also, there was no significant dif-
ference in functional EDSS between patients with normal and increased
CIMT (p = 0.6).

4. Discussion

Our study was conducted on a group of 100 patients with Multiple
Sclerosis. The main outcome of this study is estimating the mean CIMT
measure in patients with multiple sclerosis. This study cannot thor-
oughly evaluate the factors affecting the CIMT, since there is no control
group and the reference is the mean of the normal population.

Most of the patients (59%) were RRMS patients, but the study also
contained a considerable number of CIS (19%), SPMS (15%), and PPMS
(7%) patients. Slightly more than half of the patients (56%), were
actively receiving MS medication, among which Rituximab was the most
frequently prescribed drug (39.3%). Mean CIMT was 0.38 + 0.2 mm.
Other studies have found lower CIMT compared to our study. However,
they have studied RRMS rather than other subtypes of the disease. This
might be the reason for the different findings. As well, different nations
might demonstrate different CIMT measures due to the anatomical and
racial variations. Several studies are needed to confirm the measure. Age
more than 40, and prolonged disease duration were related to high CIMT
as predicted.

Despite having low EDSS scores, 22% of the patients had higher
CIMT. We did not find any significant relationship between CIMT and
the progression of neurologic disability (as measured by EDSS),
although the very low sample size of the patients with EDSS scores
higher than 4.5, limits the power of this study to evaluate this rela-
tionship. This finding assumes, albeit cautiously, a low but considerable
population of patients with multiple sclerosis show increased CIMT
which might impose MS patients to increased risk of developing coro-
nary artery disease in the future. However, the latter presumption
should be assessed in an appropriate longitudinal study with larger
sample sizes.

The current evidence is rare and inconsistent in this regard. In a
study by Yuksel et al., CIMT was found to be higher in patients with
multiple sclerosis [19], compared to healthy subjects, whereas in
another study by Omerzu et al., no difference was found [20]. This
variation might be due to the dissimilar study designs, along with
sample sizes, and possible races.

In our study, we found a significant correlation between age and sex
with CIMT, but BMI was not associated with CIMT. Also, prolonged
disease duration was associated with higher CIMT. There was no asso-
ciation between CIMT and MS clinical course, DMD types, and location
of the lesions. We may conclude that perhaps different MS subtypes and
different treatment panels might not affect the rate of subclinical
atherosclerosis in patients with multiple sclerosis in the first 5 years
from the MS diagnosis and it seems that longer disease duration is
significantly associated with abnormal CIMT. It can be presumed that
Multiple Sclerosis might affect subclinical atherosclerosis during the
time. Because CIMT was not associated with the annual relapse rate
along with the clinical course, and because the patients were not in acute
disease phases, it can be suggested that perhaps the acute inflammations
might not be the only reason for abnormal CIMT. These findings must be
studied and validated by further well-designed studies.

To our knowledge, this is one of the first studies of its kind to eval-
uate CIMT among patients with Multiple Sclerosis. However, as
mentioned above, this study is a cross-sectional study and findings just
demonstrate some accompanying factors and not the cause-and-effect
relationship.

5. Conclusion

CIMT among patients with Multiple Sclerosis Multiple Sclerosis
might show a particular pattern.
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