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ABSTRACT

Aim Given the impact of vascular comorbidities (VC) on the di-
agnosis, treatment, and outcome of multiple sclerosis (MS), we
examined the incidence and correlation of VC and risk factors
for vascular disease in people with MS (PwWMS) compared to the
general population, and the impact on the physical disability of
patients.

Methods Cross-sectional study involved 100 patients with MS
and 50 healthy people from the general population, matched by
sex and age. The values of demographic, biochemical, and ant-
hropometric parameters, the presence of VC and risk factors for
vascular diseases in both groups, and clinical parameters in PwMS
were analysed. Statistical analysis included methods of descriptive
statistics, y2 test, Student's t-test, analysis of variance, correlation
and regression analysis.

Results Groups differed by a higher frequency of transient ische-
mic attack in the control group (p=0.024), and the treatment of
hypertension (p=0.038) and smoking frequency (p=0.044) in the
MS group. Normal triglycerides levels were statistically signi-
ficantly more prevalent in the MS group (p=0.000). Total body
weight and BMI were statistically significantly higher in the control
group (p=0.000). The increase in Expanded Disability Status Scale
(EDSS) score was associated with higher levels of total (p=0.001)
and low-density lipoprotein (LDL) cholesterol (p=0.003), and ac-
tivated partial thromboplastin time APTT (p=0.002).

Conclusion In PWwMS it is necessary to pay attention to the higher
frequency of smoking than in general population, and the impact
of total cholesterol, LDL and APTT levels as significant parame-
ters that affect physical disability.
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INTRODUCTION

Comorbidities can be defined as the total burden
of factors that affect health disorders independent
on the observed underlying disease but taking
into account habits and certain lifestyle elements
(1). The main goal of comorbidities research is to
improve overall human health. In the population
of patients with multiple sclerosis (MS) we must
take into account the frequency of comorbidities
and their treatment, MS treatment, lifestyle fac-
tors, socioeconomic status, and health-related in-
teractions on quality of life (2). Comorbidities in
MS are associated with an increase in disability,
with the course of the disease, and they have an
impact on the choice and application of therapy,
hospitalization, mortality, and the overall quality
of life of patients and their families (3). Although
there is a significant number of studies assessing
comorbid conditions in people with MS (PwMYS),
vascular comorbidities studies are less common,
especially in regions outside of North America
and Northern and Western Europe, where the fin-
dings are also quite inconsistent (4).

Despite previous research (5), to date there are
no uniform conclusions about the frequency of
vascular comorbidities (VC) in the MS populati-
on compared to the general population, and their
possible impact on clinical parameters in MS;
they differ greatly depending on the population,
sample size, study design, and data collection
methods (4). There are no studies on vascular co-
morbidities in MS population in Bosnia and Her-
zegovina including Republic of Srpska.

The aim of this study was to investigate the pre-
valence of VC and risk factors for vascular dise-
ase in the MS patients compared to the general
population, their mutual correlation, and the im-
pact on their physical disability.

PATIENTS AND METHODS

Patients and study design

The study was designed as a cross-sectional
study and included 100 patients diagnosed with
definitive MS, and 50 healthy people from the
general population, matched with the MS group
by gender and age, and those who were not blo-
od- related to the MS patients, who did not have
an inflammatory disease of the central nervous
system nor a cerebrovascular disease (CVD), and

did not use statins. Exclusion criteria for MS gro-
up were the use of statins and corticosteroids in
chronic therapy, and relapse in the last month.

The research was conducted at the Centre for
MS, University Clinical Centre of the Republic
of Srpska (UKCRS), Banja Luka for a period of
two years, from May 2012 to May 2014.

Respondents confirmed their voluntary consent
to participate in the research with their signatu-
res, with the prior approval of the Ethics Com-
mittee of the UKCRS for conducting research.

Methods

All subjects had blood samples taken on an empty
stomach, and total cholesterol, low density lipo-
protein (LDL), high-density lipoprotein (HDL),
triglyceride levels, glycemia, haematocrit, fi-
brinogen, and activated partial thromboplastin
time (APTT) were measured. Reference values
were according to the UKCRS Banja Luka. Body
weight (BW) and body height (BH) were used to
calculate body mass index (BMI), blood pressu-
re values were measured, and target values were
defined according to the recommendations of the
American College of Cardiology / American He-
art Association (ACC/AHA) (6).

Demographic data were recorded for both grou-
ps: age, gender, level of education, occupation,
employment. For PwWMS clinical data were recor-
ded: duration of the disease, age at onset of the
disease, clinical form of MS, and degree of ne-
urological deficit using the Expanded Disability
Status Scale (EDSS) (7). Based on the quotient of
EDSS scores and the duration of the disease, the
disease progression index was calculated.

For all participants in the study, data related to the
presence of VC were taken: transient ischemic
attack, stroke, hypertension, treatment of hyper-
tension, ischemic heart disease, atrial fibrillation,
other CVD, ischemic peripheral vascular disease,
venous thrombosis, diabetes, insulin-dependent
diabetes mellitus (DM), hyperlipidaemia, smo-
king, alcoholism, family history of stroke, and
family history of CVD.

Statistical analysis

A statistical analysis included methods of descrip-
tive statistics (mean, standard deviation, mode,
median, skewness / kurtosis), y2 test, Student's
t-test, analysis of variance (ANOVA), correlation
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(Pearson's and Spearman's correlation test) and
regression analysis. Results were presented as
mean+SD. A p<0.05 was considered as statistically
significant. To determine a statistical correlation
between biochemical parameters and the affiliation
to the examined groups, the [ 12 test was used.

For each category, the values were classified
into two modalities: pathological and normal.
All examined parameters can be observed from
a different angle because these are numeri-
cal characteristics. It is important to determine
whether the mean values of each of them differ
between the MS and the control group. For this
purpose, statistical testing with two independent
samples was used. To determine the correlation
(degree and direction), of the examined variables
(cholesterol, HDL, LDL, glycemia, fibrinogen,
APTT, disease progression index) in the MS gro-
up, Pearson's correlation coefficient was used.
Spearman’s correlation coefficient to analyse
the relationship between EDSS as a measure of
physical disability and other parameters, and
BMI and other observed parameters was used.

RESULTS

The analysed sample in our study consisted of an
experimental group, consisting of 100 patients
with MS, and a control group with 50 healthy
people, matched according to gender and age
(+2) years.

The mean age of patients at the beginning of the
study was 41.9+10.1 years in the MS group; the
youngest patient 20 and the oldest 64 years of
age. In the control group, the average age was
42.1+12.3, with the youngest 18 and the oldest
63 years of age.

Out of a total of 100 patients with MS, 25 (25%)
were males and 75 (75%) females, and in the con-
trol group 14 (28%) and 36 (72%), respectively.

The number of years of education in the MS
group was 12.5+2.5 years, and in the control
group 11.442.6 years, with less variability in the
MS group.

The occupation was interdependent between the
groups (p= 0.032). High education was more
frequent in the MS group, 26 (26%), than in the
control group, nine (18%).

Unemployment was more frequent in both groups,
and did not differ significantly by groups (p=0.423).

The mean age at the onset of MS was 33.6+11.18
years. The disease duration is a rather unstable qu-
antity (standard deviation is relatively high com-
pared to the mean value), so the obtained average
value cannot be taken as a representative measure
(8.5950+7.651). In regard to the course of MS,
most of our patients, 72 (72%) had relapsing-re-
mitting MS, 27 (27%) had secondary progressive
MS, and one (1%) had primary progressive MS.

The mean EDSS score was 3.7+2.1; 59 (59%) pa-
tients had EDSS scores in the range of 1-4, while
38 (38%) had EDSS >4, and three (3%) of pa-
tients had EDSS 0.

The mean value of the disease progression index
was 0.9+1.

The analysis of the presence of VC and nonbioche-
mical risk factors for CVD in the group of patients
with MS and the control group, showed that only
three characteristics depended on the affiliation to
MS or the control group: transient ischemic attack
(p = 0.024), treatment of hypertension (p= 0.038),
and smoking (p= 0.044). No statistical significan-
ce was observed in the analysis of other observed
parameters (stroke, hypertension, ischemic heart
disease, atrial fibrillation, other cardiovascular
disease, ischemic peripheral vascular disease, ve-
nous thrombosis, diabetes, insulin dependents dia-
betes, hyperlipidaemia).

In the control group four (8%) had transient is-
chemic attack (TIA), while in the MS group one
(1%) patient. In the control group, eight (75%)
patients were treated for hypertension, while in
the MS group 18 (95%). A total of 71 (71%) of
MS patients were smokers and 14 (28%) in the
control group (Table 1).

Mean values of systolic and diastolic pressure
differed significantly by group (p=0.001): 114.5
(£12.01) and 122.4 (+16.23) and (p = 0.025):
75.55 (£7.85) and 78.80 (£9.18), respectively, in
MS and control group, respectively. The duration
of hypertension did not differ significantly by
group, 9.5 and 10, respectively (p>0.05).

The share of smokers by groups differed statisti-
cally significantly (p=0.044). There was no sta-
tistically significant difference in the number of
cigarettes smoked per day: in MS group 15.17 (£
8.10) and in control 16.12 (£6.77), nor in the du-
ration of smoking, MS group 18.47 (£10.54) and
control 23.16 (+ 10.18) years.
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Table 1. Analysis of vascular comorbidities (VC) and nonbio-
chemical risk factors for VC in multiple sclerosis (MS) and
control group

Variable Group 1\;(;::22t:f

Transient ischemic attack CoMntSrol i Eg 0.024
Stroke CoMntSrol ; Ei; 0.216
Hypertension C(I)\:tsrol iz E;Z; 0.573
Treatment of hypertension CoMntSrol ]88 ((13 66)) 0.038
Ischemic heart disease CoMntSrol 54 ((140)) 0.466
Atrial fibrillation C(I)\:tsrol ? 8; 0.720
Other cardiovascular diseases CoMntSrol f ; 83‘; 0.691
Ischemic peripheral vascular disease CoMntSrol 43‘ Eg 0.584
Venous thrombosis C(I)\:tsrol i Ei; 0.748
Diabetes C(I)\gtsrol 63 ((132)) 0.072
Insulin dependent diabetes C(I)\x/lltsrol 4]; Eg 0.187
Hyperlipidaemia Cxtsrol ;g 8‘6‘; 0.371
Smoking CoMntsrol Z}‘ g;; 0.044
Alcohol CoMntSrol 162 ((1122)) 1.000
Family history of stroke C(l)\:tsrol ?; gig 0.491
Family history of stroke of CVD Cxtsrol g Eii; 0.248

CVD, cerebrovascular disease;

Statistical significance between groups was fo-
und for the triglycerides (p= 0.001) and APTT
(p=0.050) (Table 2).

Table 2. Analysis of the biochemical risk factors for vascular
comorbidities (VC) in multiple sclerosis (MS) and control group

Variable Group Mean(+SD) p
otal eholostorol MS 51903 (11504)
otal cholestero Control  5.4340 (1.28104)
MS 13620 (0.32622
HDL ¢ ) 0856
Control 13760 (0.62354)
M . .
oL S 33900 (0.93533)
Control  3.5900 (0.88853)
Trielveerid MS 12710 (051489)
Tl ceriaes .
el Control  2.1880 (2.79764)
‘ MS 5.0905 (0.88753)
Gl 0.076
yeema Control 55408 (2.19192)
M 4218 (0.04491
Haematocrit S 8000 ) 0.958
Control 4222 (0.04316)
o MS 3.3900 (0.98016)
Fibrinogen 0.108
Control  3.6900 (1.23641)
MS 24.9130 (2.50473)
APTT 0.050
Control  25.7420 (2.26446)

SD, standard deviation; LDL, low density lipoprotein; HDL, high
density lipoprotein; APTT, activated partial thromboplastin time

A normal level of triglycerides was noticed in con-
trol group in 29 (58%), while in the MS group the
level was significantly higher, in 86 (86%) pati-
ents. No statistical significance was observed in
the analysis of other parameters that had normal
values (cholesterol, HDL, LDL, fasting glycemia,
haematocrit, fibrinogen, APTT) (Table 2).

The difference between the groups was statisti-
cally significant for the body weight BW and
BMI (p=0.000), but not for body height (p=
0.563) (Table 3).

Table 3. Analysis of characteristics related to determination

of body mass index (BMI) in multiple sclerosis (MS) patients
and control group

Variable Group Mean (£SD) p
‘ MS 67.1060 (13.1973)

B ht (k !
ody weight (kg) Control  76.1380 (163600) 0%
, MS 171.3300 (8.8968)

Body height 0.563
ody height (cm) Control  170.4200 (9.4439)
MS 22,7540 (3.0814
BMI ( ) 0.000
Control  26.0700 (4.3719)

Correlation analysis of the cholesterol, HDL,
LDL, glycemia, fibrinogen, APTT, disease pro-
gression index, in the MS group showed the co-
efficient had low absolute values. The exception
was direct and very high correlation between LDL
and cholesterol (r=0.867). None of the analysed
variables had a statistically significant correlation
with the disease progression index (p>0.05). The
ratio of EDSS-cholesterol (r=0.330; p=0.001),
EDSS-LDL (r=0.296; p=0.003) and EDSS-APTT
(r= -0.305; p=0.002) had statistical significan-
ce. The correlation coefficient was also statisti-
cally significant for the variables BMI-fibrinogen
(r=0.329; p=0.001), BMI-triglycerides (1=0.249;
p=0.012), and BMI-APTT (1= -0. 243; p=0.015)
(data have not shown).

DISCUSSION

Since vascular comorbidities have been found
to affect outcomes in PwMS, there has been
growing concern about the presence of these con-
ditions in this group of patients, compared to the
general population. In our research presence of
hyperlipidaemia, as well as the levels of chole-
sterol and its fractions (observed as pathological
or normal), did not differ between the MS and the
control group. We obtained the same results by
analysing the average values of cholesterol and
its fractions in both groups. However, normal tri-
glyceride levels were more prevalent in the MS
group than in the general population. Studies on
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this topic in other regions have shown different
results, from those where the level of cholesterol
and its fractions was higher in the general po-
pulation, to those where the opposite result was
obtained (8,9).

The best-designed studies showed normal or
discretely elevated values of total and LDL cho-
lesterol, and decreased HDL values in the MS
population compared to the general population
(10,11). The correlation between the analysed
biochemical (cholesterol, HDL, LDL, glycemia,
haematocrit, fibrinogen, APTT), and anthropo-
metric parameters (BMI, BW, BH) in the MS
group found a statistically significant association
between LDL and total cholesterol, and BMI and
triglycerides. A positive correlation was found
between the EDSS score and total cholesterol
levels, and the EDSS score and LDL. Almost
identical conclusions have been shown in several
studies on this topic (12-14).
Analyses of anthropometric
showed that BMI values, as well as BW, were
statistically significantly higher in the control
group, in contrast to BH where the significance
was not shown. Our results are in line with the
best-designed studies conducted on this topic in
other countries (15,16). Several studies of BMI
values in MS patients showed BMI values within
those in the general population (17,18), but other
research showed that over 50% of patients with
MS are overweight (19-21).

Studies in the different MS population have shown
that the impact of smoking on the development of
comorbidities, in correlation with genetic factors,
leads to the onset and progression of MS (22,23).
The analysis of our results showed the proportion
of smokers in the MS group had been higher than
in the control group, which is consistent with most
studies in other countries (24,25).

measurements

In our study, there was no association betwe-
en EDSS score and smoking, while most other
studies showed such an association (26). By
analysing the presence of insulin-independent
and dependent diabetes we found that there was
no dependence concerning the study groups in
our country, which is consistent with most other
studies (27), but there are some researches where
the frequency was higher in the MS population
(28). We also found, that there was no statisti-
cally significant difference between the levels of

fasting glycemia (normal or pathological), nor
between the average values of fasting glycemia,
between the two study groups. These mean valu-
es in both groups were within normal values, as
shown by studies in other MS populations (29).
A study by Moss et al., in contrast to our results,
showed that in MS patients the prevalence of ele-
vated fasting glucose concentrations, as well as
impaired glucose tolerance, was statistically si-
gnificantly higher in the MS group (28).

Of the observed CVDs (TIA, stroke) in our stu-
dy, a higher frequency of TIA was observed in the
control group. Previous studies on the prevalence
of stroke in the MS population showed inconsi-
stent results, but the best-designed studies, charac-
terized by a high degree of reliability, showed a
slightly higher mortality rate from CVD in people
with MS, as well as an increased prevalence of
CVD in MS compared to the general population
(30). A lower prevalence of CVD (including TIA)
in MS patients compared to the general population
was also observed in a study by Persson et al. (31).

In our study the presence of hypertension did
not differ by group, but the number of patients
treated for hypertension was statistically signi-
ficantly higher in the MS group. It should be
noted that the duration of hypertension does not
differ much by group, nor was it statistically si-
gnificant. It is difficult to draw a single conclusi-
on from previous research: data range from low
(32), above normal (13), to a higher prevalence
of hypertension in the population of MS patients
compared to the general population (30). There
are a few studies that have analysed the values of
systolic and diastolic pressure in the MS popula-
tion. In our study, the mean values of systolic and
diastolic pressure, observed individually, were
statistically significantly higher in the control
group. In the study of Stampanoni et al. lower
blood pressure values were also shown in the MS
than in the control group (33). A statistically si-
gnificant difference in APTT levels in favour of
the control group was found in our study. The
correlation analysis obtained a statistically signi-
ficant association between BMI and fibrinogen
levels, which could correspond to the results of
previous research on the state of latent chronic
inflammation in people with elevated BMI, and
where, as noted on several occasions, there are
elevated levels of fibrinogen (34).
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Given the aim of our study, we observed statisti-
cally a significant correlation between the EDSS
score as a measure of physical disabilitythe and
APTT. This correlation in terms of the impact of
coagulation factors on cerebral hypoperfusion,
and thus the impact on physical disability, has
been shown in other studies (35).

The limitation of this study is the research period.
However, given the specificity of the examined
scientific field and the fact that other research
centres in Bosnia and Herzegovina have not con-
ducted research on this topic in the previous peri-
od, we decided to disclose our results.

In conclusion, in our MS patient population it is
necessary to pay attention to the higher frequ-
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