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ABSTRACT

Background. Multiple sclerosis (MS) is associated with elevated cardiovascular mortality. To prevent this a better

understanding of their CVD risk factors and interrelations is necessary.

Methods. MS patients (n=52) and healthy controls (HC, n=24) were matched for age, height, weight, body mass
index and physical activity. Body composition, resting blood pressure (BP), resting heart rate (HR), glucose
tolerance, HbAlc, blood lipids (HDL, LDL, total cholesterol, triglyceride concentrations) and c-reactive protein
concentrations were analyzed. Regression analyses identified independent CVD risk factors and their

interrelations in MS.

Results. In MS and compared to HC, fat mass (25.1+1.2kg vs. 17.9+1kg), fat percentage (33.8£1.2% vs.
28.4+1.5%), systolic (130+1.8mmHg vs. 120+2.9mmHg) and diastolic (79+1.1mmHg vs. 71+1.9mmHg) BP, resting
HR (72+1.4bpm vs. 60+2bpm), blood triglycerides (113.8+8.6mg/dl vs. 98.2+17.4mg/dl), fasting (13.5£2.9mU/I
vs. 7.2£0.8mU/I) and 2h insulin (71.9£12.5mU/I vs. 35.828.1mU/I), 2h glucose (6.320.5mmol/l vs. 4.8+0.5mmol/l)
and HOMA index (3.7+1.1 vs. 1.7+0.2) were significantly (p<0.05) elevated. Total cholesterol, blood HDL and LDL
concentrations did nog differ between groups (p<0.05). Regression analyses indicated that MS is independently
associated with elevated fat mass/percentage, systolic and diastolic BP and HR and in MS fat mass appears to be

an independent contributor of the other measured CVD risk factors in MS.

Conclusion. Persons with MS have an increased risk for CVD and fat mass appears to be an important risk factor.

Therefore, normalizing whole body fat should be an essential part of MS treatment.
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1. INTRODUCTION

MS patients display a reduced exercise capacity (Bosnak-Guclu et al., 2012; Langeskov-Christensen et al., 2015),
impaired muscle strength (Carroll et al., 2005; Wens et al., 2014) and overall functional capacity (Bosnak-Guclu
et al., 2012; Ellis and Motl, 2013; Kjolhede et al., 2015; Savci et al., 2005). This results in a sedentary lifestyle and
thus further deconditioning. The latter leads to progressive worsening of fatigue and muscle weakness, reduced
exercise and functional capacity and deterioration of various neurological symptoms, independently of the
disease process per se (Ellis and Motl, 2013; Motl et al., 2008). In healthy persons, such a sedentary lifestyle is
associated with an increased overall risk to develop cardiovascular diseases (CVD) (Buchan et al., 2012; Warren
et al., 2010). In MS the likelihood for cardiovascular mortality is significantly greater compared to the general
population (HR: 1.29, (Manouchehrinia et al., 2016). To improve survival in persons with MS, it is thus relevant

to explore what CVD factors are primarily affected in this population.

We have previously shown that CVD risk factors may be elevated in MS compared to healthy controls (HC) (Wens
et al., 2013b). However, in MS it is still unclear whether an increased CVD risk is primarily mediated by changes
in body composition, blood pressure, blood lipid profile or glycemic control (Wens et al., 2013b). More recently
Moccia et al. (Moccia et al., 2015) investigated the CVD risk in a large cohort of persons with MS and reported
that the CVD risk was comparable to healthy controls. This study applied the Framingham Risk Score (FRS) to
assess CVD risk, in which sex, age, smoking behavior, blood pressure, blood glucose concentrations and body
mass index (BMI) are taken into account (D'Agostino et al., 2008; Mahmood et al., 2014). However, it is well
known that in persons with MS the use of BMI is not recommended because it underestimates adiposity in this
population (Pilutti and Motl, 2016). Furthermore, the FRS does not take into account various other important
CVD risk factors such as body composition and blood lipid profile. Finally, FRS is not validated in MS yet. Thus,

whether and how, CVD risk is elevated in MS remains unclear but is of great clinical importance.

Therefore the present study investigates all common CVD risk factors in MS simultaneously and explores their

interrelations.



2. MATERIALS & METHODS

2.1 Subjects

Patients with MS (n=52, mean EDSS = 2.9+0.2, range 0 to 5.5) and healthy controls (HC, n=24) were matched for
age, height, weight, body mass index (BMI), physical activity, and were included following written informed
consent and aged >18 years. Subjects were excluded if they participated in another study, had (in case of MS) an
acute exacerbation 6 months prior to the start of the study or had an EDSS score >6. Subjects were recruited
following local advertisement. Phenotypes of MS (RR; relapsing remitting, PP; primary progressive, SP; secondary
progressive) and the use of disease modifying therapies (DMT) were inventoried. The study was approved by the
local Ethical Committee of the Jessa hospital and Hasselt University, and was performed in accordance with the

Declaration of Helsinki. This study was registered at ClinicalTrials.gov (NCT02466165).

2.2 Study Design

In this cross-sectional study, body composition, resting blood pressure and heart rate, and blood HDL, LDL, total
cholesterol, triglyceride concentrations, c-reactive protein, glucose- and insulin concentrations were assessed.
Furthermore, all subjects were asked whether they smoked and used medication to regulate blood pressure,

cholesterol or glucose tolerance.

2.3 Measurements

2.3.1 Body composition:

Whole body fat and lean tissue mass (with exclusion of the head) were assessed using Dual Energy X-ray
Absorptiometry scan (DEXA, Hologic Series Delphi-A Fan Beam X-ray Bone Densitometer, Vilvoorde, Belgium)
and a calibrated analogue weight scale (Seca®) was used to measure total body mass. Android fat mass and the

ratio of android fat mass to total fat mass were evaluated.



2.3.2 Blood pressure and heart rate:

Resting blood pressure and heart rate were measured with an automatic blood pressure cuff (Omron M4-I,
Omron Healthcare Europe B.V., Hoofddorp, The Netherlands) in a supine position (7min rest) immediately

following the DEXA scan (to prevent orthostatic effects).

2.3.3 Oral glucose tolerance test:

Glycemic control was investigated using an oral glucose tolerance test (OGTT). Following a 10h overnight fast, all
participants received a 1g glucose/kg body weight solution (300ml, (Wens et al., 2013a). Before and after glucose
administration, capillary blood samples were collected from a hyperaemic earlobe at 30min intervals (2h), to
measure blood glucose concentrations immediately (Analox® GM7 Micro-stat, Analox instruments Ltd, London,
UK). Blood glucose concentrations were converted to plasma concentrations using a multiplier of 1.11 (D'Orazio
et al., 2006). To determine serum insulin concentrations, 4cc of venous blood was collected in serum separation
tubes (SST, BD Vacutainer®, Becton Dickinson, Erembodegem, Belgium) at 1h intervals. After 30min, allowing
blood coagulation, samples were centrifuged during 10min at 3500rpm. The obtained serum was frozen and

stored at -80°C for batch analysis of serum insulin concentrations (Mercodia Insulin ELISA®, Uppsala, Sweden).

2.3.4 Cardiovascular risk factors: blood analysis

Following an overnight fasting period (10h), a venous blood sample was collected and centrifuged at 2000 rpm
for 10min. Plasma was frozen immediately in liquid nitrogen and stored at -80°C until further analysis. Plasma
samples were analyzed for blood insulin, total cholesterol, high-density lipoprotein cholesterol (HDL), low-
density lipoprotein cholesterol (LDL), triglyceride concentrations, C-reactive protein (CRP, Beckman Synchron LX
20 Analyzer®, Beckman Coulter Inc., Diamond Diagnostics, USA), and glycosylated haemoglobin (HbA1c) (Hi-Auto
Alc Analyzer®, Menarini Diagnostics Inc., Florence, Italy) concentrations. The Homeostasis Model Assessment
(HOMA-IR: fasting blood glucose [mmmol/I] x fasting serum insulin [mU/I]/22.5, (Sarafidis et al., 2007) was used
to estimate/calculate insulin resistance (IR) and B-cell function from fasting glucose and insulin concentrations.
This assessment model indicates a normal insulin sensitivity with a score between 1.7 and 2, whereas a score of

>2 suggests altered insulin sensitivity.



2.3.5 Physical activity

Participants were asked to report their physical activity level (Physical Activity Scale for Individuals with Physical
Disabilities, PASIPD,(Washburn et al., 2002). The PASIPD is a 13-item physical activity questionnaire involving
participation in household, recreational and occupational activities over the past 7 days. The scores are the

average hours of participation daily multiplied with a metabolic equivalent value.

2.4 Statistical Analysis

All data were analyzed using SPPS v. 22.0 (IBM) and checked for normality (Shapiro-Wilk test). Data was not
normally distributed and differences between groups were analyzed using an unpaired student’s t-test (Mann
Whitney U test). Fat mass, lean body mass, total mass, fat percentage, systolic and diastolic blood pressure,
resting heart rate, blood total cholesterol, HDL, LDL and triglyceride concentrations, CRP, fasting and 2h blood
glucose concentrations, HbAlc, fasting and 2h blood insulin concentrations and HOMA index were inserted into
a multivariate regression model to examine relations between CVD risk factors and the presence of MS, taking
age, gender, physical activity, smoking behavior and medication for blood pressure, cholesterol and glucose
tolerance into account. Next, multivariate regression analyses were applied to examine interrelations between
CVD risk factors, in which for every deviant CVD risk factor a model was created that examined relations with all
other CVD risk factors, in MS only. All data are presented as means + SEM and considered statistically significant

when p<0.05 (2-tailed).

3. RESULTS

3.1 Subject characteristics

Gender differences and differences in smoking behavior were present between groups (p<0.05, Table 1).
Medication intake for blood pressure, cholesterol and glucose tolerance were higher in MS. Age, height, weight,
BMI and physical activity did not differ between groups. Relapsing-remitting MS was diagnosed in 37 patients,

whilst 2 patients suffered from primary-progressive MS and 13 patients from the secondary-progressive form.



Forty-five MS patients were on disease modifying therapy, of which 7 on interferon-beta, 6 on glatiramer acetate,

14 on natalizumab, 4 on dimethyl fumarate, 5 on teriflunomide and 9 on fingolimod.

Table 1. Subject characteristics

HC (n=24) MS (n=52)
Age (y) 486+ 2.5 51.2+1.5
Height (m) 1.7+0.0 1.7+0.0
Weight (kg) 69.9+2.9 72.6+1.9
BMI 24.2£0.5 25.7+0.6
PASIPD 21.7+2.2 179+1.38
Gender (f/m) 15/9 36/16*
EDSS - 29+0.2
Med. BP (n=) 2 14*
Med. Cholesterol (n=) 2 10*
Med. glucose tolerance (n=) 0 2*
Smoking (n=) 2 7*
Interferon-beta - 7
Glatiramer acetate - 6
Natalizumab - 14
Dimethylfumaraat - 4
Teriflunomide - 5
Fingolimod - 9
RRMS - 37
PPMS - 2
SPMS - 13

Data are expressed as means + SEM and represent subject characteristics
of healthy controls and MS patients. Abbreviations: f, female; m, male;
BMI, Body Mass Index; EDSS, Expanded Disability Status Scale; PASIPD,
Physical Activity Scale for Individuals with Physical Disabilities. Med,
medication. DMT; Disease Modifying Therapy. RRMS; Relapsing Remitting
MS. PPMS; Primary Progressive MS. SPMS; Secondary Progressive MS.
*p<0.05 compared to HC.



3.2 CVD risk factors

In MS patients, body composition variables such as fat mass (+40%) and body fat percentage (+19%) were
significantly elevated compared to HC (Table 2) with significantly greater (p<0.05) android (21.8+1.2 kg vs.
14,7+1.2 kg) fat mass and a significantly (p<0.05) higher ratio of android to total fat mass (0.96+0.0 vs.
0.80+0.0)in MS (data not shown). Furthermore, systolic (+8%) and diastolic blood pressure (+11%), resting heart
rate (+20%), blood triglyceride concentrations (+16%), 2h glucose (+31%), fasting (+87% ) and 2h insulin (+101%
) concentrations and HOMA index (+117%) were significantly elevated in MS patients compared to HC. Blood

total cholesterol, blood HDL and LDL concentrations were not different (p>0.05) between groups.



Table 2. Cardiovascular risk factors in multiple sclerosis and healthy controls

HC Mms p-value
Fat mass (kg) 179+1 22.6+1.2%* 0.01
Lean body mass (kg) 45924 436+1.4 0.37
Total mass (kg) 63.7+2.6 66.3+1.9 0.42
Fat percentage (%) 284+15 33.8+1.2* 0.01
Systolic BP (mmHg) 120+£2.9 130+ 1.8* 0.001
Diastolic PB (mmHg) 71+ 1.9 79 + 1.1* 0.001
HRrest (bpm) 602 72 +1.4* 0.000
Cholesterolrota (mg/dl) 190.1+7.6 199.7+4.8 0.18
LDL (mg/dI) 110.5+6.2 112.1+4.2 0.95
HDL (mg/dl) 62.3+3.6 65.6+2.6 0.69
Triglycerides (mg/dl) 98.2+17.4 113.8+ 8.6* 0.02
CRP (mg/dl) 2.4+0.7 54+1.8 0.27
Fasting glucose (mmol/I) 5.3+0.2 5.5+0.1 0.80
2h glucose (mmol/Il) 4.8+0.5 6.3+ 0.5% 0.01
HbA1c (%) 5.2+0.1 53+0.1 0.61
Fasting insulin (mU/I) 7.2+0.8 13.5+2.9* 0.000
2h insulin (mU/1) 35.8+8.1 71.9+12.5* 0.03
HOMA index 1.7+0.2 3.7+1.1* 0.001

Data are expressed as means + SEM and represent various cardiovascular risk factors of healthy controls
(HC) and MS patients (MS). Body composition was determined with exclusion of the head. Abbreviations:
BP, blood pressure; HR, heart rate; bpm, beats per minute. *p<0.05 compared to HC.

3.3 Regression analysis

When adjusted for age, gender, physical activity, smoking behavior and medication for blood pressure,
cholesterol and glucose tolerance, MS was independently related (p<0.05) to elevated fat percentage and fat

mass, systolic and diastolic blood pressure and resting heart rate.



Furthermore, after investigating the interrelations between CVD risk factors, in which for every deviant CVD risk
factor a model was created that examined relations with all other CVD risk factors, fat mass appeared to be
independently related (p<0.05) to fat percentage, total mass, lean tissue mass, diastolic blood pressure, blood
triglyceride and CRP concentrations, resting heart rate, blood HbAlc, 2h blood glucose and HDL concentrations

and a trend for systolic blood pressure (P=0.05).

4. DISCUSSION

This study shows that MS is independently associated with several abnormal CVD risk factors. This probably
increases their risk to develop CVD. Interestingly, following regression analyses fat mass appears to be an

important contributing factor for this.

To our knowledge the present study is the first to investigate all common CVD risk factors in MS (Wens et al.,
2013b) simultaneously. Following inter-group comparisons we now show that MS patients exhibit greater whole
body fat mass and fat percentage, higher blood pressure (systolic and diastolic), resting heart rates, blood
triglyceride concentrations, a disturbed whole body glucose tolerance and disturbed insulin concentrations
compared to HC. Consequently, MS patients are probably more prone to develop future (preventable)
cardiovascular complications and/or comorbidities. The present findings contrast with a recently performed
study of Moccia et al. (Moccia et al., 2015) investigating the risk to develop CVD in MS using the FRS (D'Agostino
et al., 2008; Mahmood et al., 2014). This risk score comprises an algorithm that estimates the 10-year likelihood
to develop CVD including risk factors such as age, gender, smoking status, body mass index, systolic blood
pressure, glucose tolerance and use of antihypertensive medication. Moccia et al. (Moccia et al., 2015) concluded
that, based on the FRS, CVD risk was normal in MS patients. The discrepancy with our findings probably has
several reasons. First, we have included a wider range of CVD risk factors such as fat mass, fat free mass and
blood cholesterol. These risk factors have been shown to correlate better with CVD incidence than the
Framingham Score factors (Buchan et al., 2012) and therefore they are probably more predictive. Second, an
important component of the FRS algorithm is the BMI (D'Agostino et al., 2008; Mahmood et al., 2014). However
in MS, Pilutti (Pilutti and Motl, 2016) et al. clearly showed that BMI significantly underestimates the amount of

adipose tissue. Consequently, we have matched MS patients and HC for BMI and clearly demonstrate significantly
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higher total body fat mass and fat percentage compared to HC. This shows that screening MS patients using BMI
or predictive calculations that include BMI probably underestimates their actual risk to develop CVD. Under the
conditions of the present study in MS blood lipid profile (total cholesterol, HDL, LDL) was not altered compared

to HC and may thus be an inferior CVD predictor in this population.

It is important to note that age, smoking, gender, medication for blood pressure, cholesterol and glucose
tolerance (Mosca et al., 2011) may importantly contribute to the above described findings. In the current study
more persons with MS smoked, used medication for blood pressure, cholesterol and glucose tolerance and
gender differences were present between groups. To exclude the effect of these confounding factors and
investigate the sole impact of MS on CVD risk we performed regression analyses and interestingly demonstrate
that irrespective of age, gender, physical activity, smoking behavior, medication for blood pressure, cholesterol
and glucose tolerance, a higher fat percentage, fat mass, systolic and diastolic blood pressure as well as resting
heart rate are independently related to MS. In a second series of regression analyses, we then examined the
interrelations between these CVD risk factors, in which for every deviant CVD risk factor (fat mass, fat percentage,
diastolic and systolic blood pressure and resting heart rate ) a model was created that examined relations with
all other CVD risk factors. We now demonstrate that in MS, fat mass is independently related to systolic and
diastolic blood pressure, resting heart rate but also to blood HDL, CRP, 2h glucose, HbAlc, CRP and triglyceride
concentrations. This suggests that fat mass is a very important CVD risk factor in MS. Furthermore, it is important
to notice that persons with MS in this study presented significantly more android fat mass, as well as higher ratios
of android to total fat mass ratios. This indicates the presence of more visceral adipose tissue in MS, which is
known to be associated with increased cardiovascular risk factors (Matsushita et al., 2014). In recent years, the
role of adipose tissue in the pathogenesis of MS has become subject of great interest (Guerrero-Garcia et al.,
2016). It is known that elevated fat tissue causes an increase in the production of adipokines, which are involved
in the regulation of various physiological processes, such as energy balance and insulin sensitization, and the
immune response. As such, it is believed that increased fat mass, and thus elevated levels of adipokines, may be
involved in the altered immune response and inflammatory processes in MS. Therefore, increased fat mass may
not only affect cardiovascular risk in MS but may also negatively influence MS progress and treatment response

as reported elsewhere (Guerrero-Garcia et al., 2016).
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Our findings may thus indicate that multidisciplinary programs directed to prevent/treat (cardiovascular)

complications and mortality in MS should also include strategies that lower lowering fat mass.

Limitations

Although not significant, it is important to note that a 1.5-unit difference in BMI between MS and HC was

observed in this study. This may cause the potential for residual confounding.

5. CONCLUSION

Persons with MS are probably more prone to an increased risk for CVD and fat mass appears to be a very
important mediating risk factor. Therefore, MS treatment should also include interventions that restore/optimize

whole body fat mass.
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