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ABSTRACT 

Multiple Sclerosis (MS) is a chronic 

neurodegenerative autoimmune disorder of the 

central nervous system. Noticeably in MS is the 

heterogenicity in the clinical course which can 

partly be explained by the presence of 

cardiovascular diseases (CVD) like 

hypertension, heart disease, and peripheral 

vascular disease. Co-existence of  CVD increases 

risk of ambulatory disability in persons with MS 

(PwMS) 1,5 fold at time of diagnosis. 

Furthermore, CVD prevalence is higher in 

PwMS compared to the general population. We 

hypothesize that this increased prevalence in 

PwMS is primarily due to the sedentary lifestyle 

and physical inactivity seen in PwMS. We 

therefore want to show that lifestyle could be a 

crucial factor in the progression of MS and 

cardiometabolic comorbidities. For this, 

sedentary PwMS and healthy controls were 

recruited. Groups were divided on 150 min of 

moderate-to-vigorous physical activity per 

week. Activity was tracked using activPAL3tm 

monitor. Body composition was assessed using 

DXA scan and anthropometric measurements, 

vascular function was determined as arterial 

stiffness and endothelial function via non-

invasive measurements using Spygmocore and 

EndoPat 2000 respectively. Our study showed 

no significant impact of physical activity levels 

and sedentary time on body composition or 

vascular function. Correlation analysis showed 

associations of sedentary behaviour with 

vascular function (i.e. pulse wave velocity).  

Physical activity was associated with fat 

percentage, VO2peak and heart rate variability. 

To conclude, physical activity in sedentary 

PwMS tends to elucidate improvements on 

vascular function, be it direct or indirect. In the 

future, activity might be a promising therapy for 

PwMS. 

 

INTRODUCTION 

 

Multiple Sclerosis (MS) is a chronic inflammatory 

and neurodegenerative autoimmune disorder of the 

central nervous system, affecting more than 2.8 

million people worldwide (1, 2). It is characterized 

by the destruction of myelin in the central nervous 

system leading to chronic inflammation and 

oxidative stress. This causes impairments 

throughout the body with symptoms ranging from 

visual and speech impairments to spasticity, 

paralysis, and walking difficulties.  

 

Noticeably in MS is the heterogenicity in the 

clinical course (3). MS can affect different parts of 

the central nervous system, so the symptoms can 

vary depending on which areas are affected. 

Additionally, the severity of symptoms can vary 

depending on the individual and the stage of the 

disease. Importantly, previous research showed that 

the co-existence of cardiovascular diseases (CVD) 

is also an important explanatory factor for 

heterogenic disease course in persons with MS 
(PwMS) (4-6). A As indicated by Marrie et al. (6) 

PwMS reporting one or more vascular comorbidity 
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like diabetes, hypertension, heart disease, 

hypercholesterolemia, and peripheral vascular 

disease at diagnosis of MS, had a more than 1.5-

fold increased risk of ambulatory disability. In 

literature, different indicators for cardiovascular 

risk have been studied in MS, such as 

atherosclerosis, arteriosclerosis and arterial 

stiffness. Atherosclerosis is one of the mechanism 

responsible for multiple cardiovascular events (7). 

Detection of subclinical atherosclerosis. 

and arteriosclerosis is possible through the 

evaluation of arterial stiffness, intima-media 

thickness and endothelial dysfunction, which can 

be measured using noninvasive and inexpensive 

techniques (8, 9).  Next to that, arterial stiffness, a 

term that refers to the loss of arterial compliance 

and/or changes in vessel wall properties (10). 

Literature indicates this stiffness to be higher in 

PwMS compared to Healthy controls, and is 

identified as an early marker for clinical 

hypertension (11, 12).  

 

Literature suggests an increased prevalence of 

vascular comorbidities in PwMS compared to a 

healthy population. According to current research 

available, the increased risk in PwMS is due to a 

combination of factors, including genetic overlap, 

inflammation and oxidative stress, side-effects of 

certain medication used to treat MS symptoms 

(such as glucocorticoids and 

antispastic/anticonvulsant drugs) and physical 

inactivity (4, 5, 13-15). In other clinical populations 

such as chronic obstructive pulmonary disease, 

schizophrenia and depression (16-20), physical 

inactivity has also been documented as an 

important risk factor for the development of 

vascular comorbidities (6). This indicates that, 

besides (epi)genetics, environmental, hormonal and 

medical risk factors in MS, lifestyle is a crucial 

determinant for the development of cardiovascular 

risk factors. Importantly, this also applies for a 

healthy population (21). Arterial stiffness is lower 

among individuals who regularly perform 

continued aerobic exercise, and an inverse 

association between physical activity and arterial 

stiffness has been observed (2, 22, 23). 

 

Moreover, there is contrasting evidence on the 

increased CVD risk in PwMS in systematic reviews 

and prevalence studies (24, 25). This can be 

explained by differences in demographics 

(differences in medication intake for example) and 

clinical characteristics (hospital-based versus 

population-based studies, different cut-off values 

for CVD risk, etc.) between studies, but most of the 

studies on CVD risk factors in PwMS, also fail to 

account for PA and sedentary behaviour (SB). More 

specifically, the analysis of activity profiles 

indicates that PwMS are more sedentary and less 

active in the moderate-to-vigorous physical activity 

(MVPA) intensity domain than age-matched 

healthy controls (HC) (26). MVPA is typically 

defined as activity that requires a moderate amount 

of effort and causes a noticeable increase in heart 

rate and breathing, with at least 3 metabolic 

equivalents  (METs), with 1 MET being the energy 

expenditure at rest (27). Examples of MVPA are 

cycling, brisk walking or running (28). SB is 

defined as any waking behaviour characterized by 

an energy expenditure of ≤1.5 METs  while in a 

sitting, reclining or lying posture (29). Current 

international physical activity (PA) guidelines of 

150 min of MVPA, or 75 min of vigorous activity, 

are not met by 23 % of the general population 

worldwide (30). Clinical populations display even 

higher percentages of inactivity due to disease-

related barriers (31, 32). SB has been inversely 

associated with cardiovascular risk maskers such as 

high blood pressure,  which has been associated 

with a variety of comorbidities (33), especially in 

physically inactive populations (34, 35). Greater 

amounts of sedentary time have been shown to be 

associated with an increased likelihood of 

developing cardiovascular disease. Furthermore, 

research indicates that greater sedentary time is 

related to indicators of physical activity. For 

example the percentage of the day spent in 

inactivity being negatively correlated with the 

average daily step count and average number of 

minutes being active (36, 37) The symptoms 

displayed by PwMS (e.g. spasticity, paralysis, 

walking difficulties) could explain the increased 

sedentary behaviour (SB) and decreased physical 

activity (PA) (38-40).  The question then arises 

whether the CVD risk still differs when PwMS and 

HC are equally active/sedentary. Ranadive et al. 
(12) indicated worse vascular function in MS 

population VS. a healthy population. However, after 

statistical adjustment for physical activity, 

differences between both groups receded. 

Furthermore, Hubbard et al. found that SB was 

https://www.sciencedirect.com/topics/medicine-and-dentistry/atherosclerosis
https://www.sciencedirect.com/topics/medicine-and-dentistry/arteriosclerosis
https://www.sciencedirect.com/topics/medicine-and-dentistry/arterial-stiffness
https://www.sciencedirect.com/topics/medicine-and-dentistry/endothelial-dysfunction
https://www.sciencedirect.com/topics/medicine-and-dentistry/metabolic-equivalent
https://www.sciencedirect.com/topics/medicine-and-dentistry/metabolic-equivalent
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significantly correlated with BP outcomes, 

independent of BMI (41, 42).  

 

 However, in the study of Ranadive et al. (12) 

groups were not matched on physical activity. The 

conclusion that the worse vascular function was due 

to differences is physical activity, was only based 

on a statistical correction. Furthermore, this study 

had a rather low sample size, limiting the power. 

Next to that, in the study of Hubbard et al. (41), 

subjective measurements were used to analyze SB, 

which could bias the results (43). Therefore, in the 

present study we aim to examine the association 

between objectively measured PA and SB and 

vascular function in PwMS and PA-matched 

sedentary healthy controls and compare vascular 

health between these groups. We hypothesize that 

in a PA-matched sedentary population of healthy 

controls and PwMS, sedentary behaviour is 

associated with cardiovascular health and 

cardiovascular risk is comparable between PwMS 

and healthy controls. When the vascular function is 

strongly correlated with PA in PwMS and similar 

to that of PA-matched HC, this would emphasize 

the importance of lifestyle interventions for PwMS 

to increase PA and reduce SB in a clinical setting.  
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EXPERIMENTAL PROCEDURES 

Study design – cross-sectional study design 

was set up for this project (Figure s1 in the 

Appendix). Participants were invited for 3 study 

visits. During the first visit, eligibility of 

participants was checked based on participant 

demographics and a PA-assessment of 7 

consecutive days after the first visit. Based on this, 

participants were categorized as active or inactive 

according to the WHO guidelines (> or ≤ 150 min 

MVPA/week respectively)(28). Eligible 

participants were invited for the second study visit. 

Here, an electrocardiogram was captured for 

approval by a cardiologist to perform a maximal 

cardiopulmonary exercise test (CPET) during the 

third study visit. Furthermore, the activity monitor 

was attached again for 7-14 consecutive days until 

the third study visit, where vascular function was 

assessed (cfr. ‘Measures’ below). 

Participants – Participants included were 

PwMS between the age of 25 and 60 years with the 

relapse-remitting phenotype, with a Kurtzke 

expanded disability status scale (EDSS) of less than 

5. Sample size was calculated based on the 

difference in the augmentation index corrected for 

heart rate (AIx@75bpm) in a previous study where 

participants were not PA-matched (26,5 and 19,28  

for PwMS and HC respectively (15)). Twenty-eight 

PwMS and 28 HC are needed to detect a similar 

7,22 AIx@75bpm difference with 80% power, 

taking into account a drop-out rate of 10%. PwMS 

were matched with HC based on age, sex, body 

mass index (BMI), and PA levels. All participants 

were required to have >9 h SB/day, as it is 

associated with increased risk of developing CVD 

(44). Participants were excluded if they 

experienced an acute exacerbation within 6 months 

before the start of the study (in case of MS), had 

experimental drug use or medication changes in the 

last month, medical conditions precluding PA 

participation, alcohol abuse (>20 units/week), 

reported dietary habits or weight loss (>2kg) in the 

last month before the study, intention to start a new 

specific diet or start to follow an exercise 

intervention, blood donation in the past month, or a 

diagnosis of cardiometabolic diseases such as 

diabetes mellitus or heart and vascular diseases. 

 

Primary outcome measures 

Physical activity levels – SB and PA were 

quantified using the activPAL3tm activity monitor 

(PAL Technologies Ltd, Glasgow, UK) attached to 

the anterior mid-thigh of the participant’s dominant 

leg. PA included standing time, light intensity 

physical activity (LIPA), and moderate-to-vigorous 

physical activity (MVPA). Measures for SB 

included seated transport, secondary lying time, 

total sedentary time (in % of waking time per day 

[WT/day]) and sedentary time in bouts (5-60min; 

reported in hours). With uninterrupted SB referring 

to sedentary bouts of >60min in duration. In 

addition, sleeping and exercise times were self-

reported by participants using paper diaries, and 

sleeping time was manually adjusted in the 

activPAL sleep algorithm as suggested by previous 

literature (45). The exercise diary included time, 

duration, exercise time, level of perceived exertion 

and average heart rate if measured.  

 

Vascular function  

Arterial stiffness -  After an initial resting 

period of 10min with participants in a supine 

position in a quiet room with constant temperature 

(19-21°C), blood pressure (BP) and resting heart 

rate (HRrest) were measured until stable peripheral 

pressure was achieved by 3 similar measurements 

(SBP ± 1/DBP ± 1) intervals using an electronic 

sphygmomanometer (Omron®, Omron Healthcare, 

IL, USA) from the left arm and documented as the 

mean value of the final 3 measurements.  

Arterial stiffness was determined by pulse 

wave analysis (PWA) and pulse wave velocity 

(PWV) using applanation tonometry (SphygmoCor 

v9; Atcor Medical, Sydney, Australia). Talking or 

sleeping was not allowed during the examination. 

Both vascular measurements measure pressure 

pulses by mean of mechanotransducers, which were 

applied to the skin at the left side of the body, blood 

pressure was the first measured using 

sphygmomanometer before measuring Mean 

arterial pressure (MAP) in the brachialis artery 

using the formula MAP = systolic BP + (2 x 

diastolic BP) / 3. The MAP allows for the algorithm 

to calculate different components of the pressure 

waveforms, including central (aortic) blood 

pressure, and absolute and heartrate-corrected 

augmentation index (AIx and AIx@75bpm). For 

PWV measurements, a probe was positioned at the 

site of the common carotid artery and the femoral 

artery site. cfPWV was determined according to 

recent guidelines (46). Pressure waveforms were 

determined at the right common carotid and right 
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common femoral arteries. Difference in the time of 

pulse arrival from the R‐wave of the ECG between 

the 2 sites (transit time) was determined with the 

intersecting tangents algorithm. The pulse wave 

travel distance was calculated as 80% of the direct 

straight distance between the 2 arterial sites. PWA 

and PWV were performed in triplicate, calculating 

the average value as definite outcome. 

Endothelial function - After the arterial 

stiffness measurements, endothelial function was 

assessed by non-invasive peripheral arterial 

tonometry using the EndoPATTM 2000 device 

(Itamar Medical Ltd, Caesarea, Israel), according to 

manufacturer’s instructions. After the 5-min 

baseline period, a blood pressure cuff on the left 

lower arm was inflated to at least 60mmHg above 

baseline systolic blood pressure (minimally 

200mmHg, maximal 300mmHg) for 5min. 

Occlusion of the pulsatile arterial flow, causing 

transitory arm ischemia, was confirmed by the 

reduction of the peripheral arterial tone (PAT) 

signal to zero. Upon cuff deflation changes in PAT 

signal was recorded in response to reactive 

hyperaemia, reflected by the reactive hyperaemia 

index (RHI) and calculated as the ratio of the 

average PAT signal in the post hyperemic phase to 

the baseline PAT signal in the occluded arm. 

 

Secondary outcome measures 

Heart rate variability (HRV) - Simultaneous 

with arterial stiffness, HRV was assessed. HRV is 

an important indicator of autonomic nervous 

system function and might be impaired in PwMS. 

Continuous beat-to-beat heart rate signal 

measurements were obtained for the duration of 20 

minutes using the Polar V800 heart rate monitor 

(Polar Electro, Kempele, Finland) in combination 

with a Polar H10 chest strap heart rate sensor. Time 

domain analysis and frequency domain analysis 

were performed using the Kubios free HRV 

software (ver. 3.5) (KUBIOS OY, Kuopio, Finland) 

giving parameters that reflect autonomic system 

dynamics (autonomic balance) including 

parasympathetic nervous system activity and 

baroreflex activity (47). 

Body composition and anthropometrics – body 

height was measured using a wall-mounted 

Harpenden stadiometer, with patients barefoot. 

Body weight (in underwear) was determined using 

a digital-balanced weighing scale to the nearest 

0.1 kg. BMI was calculated from weight and height 

measurements (weight/height2). Waist and hip 

circumference were measured to the nearest 0.1 kg 

using a flexible metric measuring tape with 

participants barefoot (in underwear) in standing 

position. Waist circumference was measured at the 

midpoint between the lower rib margin and the top 

of the iliac crest. Hip circumference was measured 

at the widest circumference of the hip at the level of 

the greater trochanter. Waist-to-hip ratio was 

calculated by dividing waist circumference (cm) by 

hip circumference (cm). Whole body fat, lean tissue 

mass and bone mineral density were evaluated 

using Dual Energy X-ray Absorptiometry (Hologic 

Series Delphi-A Fan Beam X-ray Bone 

Densitometer, Vilvoorde, Belgium). 

Cardiorespiratory fitness (CRF) – CRF was 

measured by peak oxygen consumption (VO2peak) 

using a graded cardiopulmonary exercise test on a 

bicycle ergometer. VO2peak was measured using a 

gas exchange analyzer (Jaeger Oxycon®) until 

volitional exhaustion or failure to maintain a 

cadence above 60 repetitions per minute. Heart rate 

was measured with a Polar chest strap (Polar®, Oy, 

Finland). After 5 min of warming up with a light 

load (♂: 60 W, ♀: 40 W), participants performed a 

CPET based on a MS cycle protocol (48). Based on 

PA levels, participants either performed an inactive 

version of the protocol or the active protocol: (♂: 

60 W + 15 W/min ♀: 40 W + 10 W/min) and (♂: 

80 W + 15 W/min ♀: 60 W + 10 W/min) 

respectively. As described by Langeskov et al. (49), 

RER, rate of perceived exertion (RPE), maximal 

heart rate (HR) and blood lactate levels were 

evaluated to maximal effort (satisfaction of 2/4 

criteria: RER >1.15 at the time of VO2peak; RPE ≥  

17; maximal HR ≥ predicted - 10 beats per 

minute (HRmax=208- 0.7*age) (50); post-lactate 

level > 8.0mmol/L).  
Questionnaires – Participants were asked to 

fill in several questionnaires regarding stress, 

quality of life and physical ability. These were 

measured by Perceived Stress Scale (PSS), RAND-

36, MS walking scale, and modified fatigue impact 

scale (MFIS) respectively.  
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Statistical analysis – Statistical analysis was 

performed with SPSS IBM SPSS® version 28.0.1.1 

(IBM SPSS Statistics for Mac, Chicago, IL, USA). 

Data was be expressed as mean ± SD. A Shapiro-

Wilk test was used to test normality of the data 

(p<0.05). Equal variance was analyzed using 

Levene’s test. In case of normal distribution, 

ANOVA was used to compare means between both 

active and inactive PwMS, as well as HC and 

PwMS groups. Chi-square was used for categorical 

variables. Bonferroni post hoc was used for 

multiple Comparison. bivariate correlation was 

used to assess the correlates between PA, SB and 

vascular function. Pearson partial correlation was 

used to adjust for covariates. In case data was not 

normally distributed, Welch test was used instead 

of ANOVA and non-parametric spearman 

correlation was used.  

  
  

Table 1: Participant demographics. 

 Multiple Sclerosis Healthy controls 

Characteristics Inactive (n=6) Active (n=14) Active (n=5) 

Age (y) 36.8 ± 8.1 37.6 ± 6.9 36.4 ± 9.1 

Gender (female, %) 5 (83.3%) 13 (92.9%) 5 (100%) 

EDSS 2.8 ±1.2 1.7 ±0.8 * / 

MS duration (y) 7.7 ± 4.6 6.2 ± 4.5 / 

Body fat (%) 37.1 ± 7.9 31.4 ± 9.7 36.2 ± 5.4 

BMI (kg/m2) 27.2 ± 3.1 25.5 ± 4.5 26.4 ± 5.7 

Waist-to-hip ratio 0.8 ± 0.1 0.8 ± 0.1 0.8 ± 0.1 

Vo2peak (ml/min/kg) 25.7 ± 6.3 33.5 ± 10.0 31.6 ± 3.8 

MVPA (expressed in min/week) 64.2 ± 44.4 346.4 ± 141.4 ** 386.7 ± 230.3 ** 

MVPA (expressed in % WT) 0.9 ± 0.6 5.1 ± 2.1 ** 5.7 ± 3.3 ** 

Sedentary behaviour (expressed in 

hours/day) 
12.4 ± 0.8 10.4 ± 1.6 * 10.4 ± 0.7° 

 

Sedentary behaviour (expressed in % WT) 73.9 ± 5.8 64.1 ± 8.2 * 64.6 ± 3.4 

LIPA (expressed in % WT) 5.99 ± 2.6 7.8 ± 2.0 8.5 ± 2.5 

Smoking (smokers, %) 0 1 (7.1%) 0 

 

MS Medication (%) 

No medication 2 (33.3) 7 (50.0) 

/ First-line 0 2 (14.3) 

Second-line 4 (66.7) 5 (35.7) 

Blood/heart medication (%) 1 (16.7) 0 0 

Lipid medication (%) 1 (16.7) 0 0 

Blood+lipid medication (%) 1 (16.7) 1 (7.1) 0 

Thryoid medication (%) 1 (16.7) 0 0 

Data expressed as mean (± SD). *denotes p < 0.05 vs. inactive PwMS, ** denotes p < 0.01 vs. inactive 

PwMS. ° denotes p = 0.083 vs. inactive PwMS.  

EDSS; expanded disability status scale, MVPA; moderate-to-vigorous physical activity, LIPA; light 

intensity physical activity. 
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RESULTS 

 Participant demographics – In total 

25 participants completed the study and were 

included. A summary is presented in Table 1, 20 

PwMS were included. The MS group had an 

average age of 37.4 ± 7.1. The group consisted of 

18 females (90 %) with a BMI of 26.0 ± 4.1. The 

average MS duration was 6.7 ± 4.5 years. The 

active PwMS (≥ 150min of MVPA/Week) 

consisted of 14 persons, the inactive group 

consisted of 6 persons. No demographical 

differences were noted between the active and 

inactive PwMS, except for EDDS (2.8 ± 1.2 VS. 

1.7 ± 0.8, p = 0.034), physical activity expressed as 

both total time (min/week) and % of waking time 

(% of WT) in the MVPA intensity (p = 0.002, 

p = 0.002 respectively) and SB expressed as total 

time (hour/day) and % of WT (p = 0.022, p = 0.027 

respectively). Healthy controls (HC’s) consisted of 

5 active persons, with an average age of 36.4 ± 9.1. 

Active HC’s were significantly more active in the 

MVPA category regarding total MVPA and MVPA  

in % of WT compared to inactive PwMS (p = 0.005 

and P = 0.004 respectively). Values of total 

sedentary time between active HC and inactive 

PwMS tended to be different, although not 

significant (p = 0.083). 

 

Differences in vascular parameters between 

groups – To test whether PA had a significant 

impact on the vascular parameters in groups of 

sedentary PwMS and HC’s, ANOVA was used to 

assess the differences in primary outcomes 

(AIX@75, cfPWV, RHI) and MAP, BP and aortic 

BP between the active PwMS, inactive PwMS and 

active HC’s. No significant differences between the 

active and inactive PwMS were found (Table 2). 

Values of PwMS and active HC also remained 

comparable.  

 

Correlation analysis – Although mean values 

might not differ between groups, there could still be 

an association of the amount of PA or SB with the 

primary outcomes. To assess what parameters may 

have influenced primary outcomes related to CVD 

risk, correlation analysis were performed. Initial 

bivariate correlations (Table 3) indicated that LIPA 

was significantly correlated with RHI (r = -0.477, 

p = 0.025), SB and MVPA were not correlated with 

RHI. SB was not correlated with any of the primary 

outcomes. MVPA tended to correlate with cfPWV 

(p = 0.084), yet this was accounted for by age and 

body fat % (r = -0.210, p = 0.419) (Table 4). 

Correlations of MVPA and SB with cfPWV are 

plotted in Figure 1A and B respectively. Partial 

correlations adjusted for age and body fat % do 

show LIPA and RHI to remain significantly 

correlated (r = - 0.518, p = 0.033). In contrast to 

initial bivariate correlation, SB was significantly 

correlated with cfPWV as shown in Table 4 

(r = 0.482, p = 0.050). Next to that, SB showed 

significant negative correlations with brachial 

(peripheral) (r = -0.419, p = 0.037) and aortic SBP 

(-0.527, p = 0.007) (Table s2). 

Table 2: Primary outcomes of vascular function. Comparison between the three groups active PwMS, 

inactive PwMS and active HC’s. 
 

Multiple Sclerosis Healthy controls 

Outcomes Inactive (n=6) Active (n=13) Active (n=5) 

SBP (mmHg) 106.5 ± 6.0 113.5 ± 11.7 114.0 ± 10.6 

DBP (mmHg) 66.2 ± 5.7 69.1 ± 10.5 75.0 ± 11.4 

MAP (mmHg) 83.0 ± 4.9 86.6 ± 11.4 91.4 ± 12.6 

Aortic SBP (mmHg) 97.5 ± 15.1 106.6 ± 13.3 111.5 ± 15.0 

Aortic DBP (mmHg) 67.1 ± 5.7 69.9 ± 10.8 75.7 ± 11.6 

AIx@75 (%) 14.6 ± 10.0 14.8 ± 10.3 12.3 ± 11.7 

cfPWV (m/s) 6.7 ± 1.1 6.1 ± 0.6 6.2 ± 0.6 

RHI 2.7 ± 0.6 2.4 ± 0.3 2.4 ± 0.4 

Data expressed as mean ± SD.  Parameters of BP, and vascular function compared between active and 

inactive PwmS, as well as PwMS – HC’s. SBP: systolic blood pressure, DBP; diastolic blood pressure, 

AIx@75; augmentation index HR75, cfPWV; carotid femoral Pulse Wave Velocity, RHI; reactive 

hyperemia index, MAP; mean arterial pressure. 
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Similarly, LIPA was correlated with systolic blood 

pressure in both brachial (r = 0.438, p = 0.028) and 

aortic measures (r = 0.491, p = 0.013). After 

adjustment for age and body fat %, SB remained 

correlated with aortic, but not brachial systolic 

blood pressure (r = -0.478, p = 0.021) (Table 5). 

LIPA was not significantly correlated with any 

measurement of BP after adjustment for age and 

body fat %.  

 

 MVPA is correlated with secondary outcomes such 

as parameters of heart rate variability, 

anthropometrics, and cardiorespiratory fitness 

– After correlation analysis of primary outcomes, 

bivariate correlations were also performed on 

secondary outcomes to analyze possible indirect 

effects of PA and SB on cardiovascular health 

(Table s1). These show MVPA to be significantly 

correlated with parameters of HRV (i.e. Root mean 

square of successive differences in heart beats 

(RMSSD)). MVPA was significantly correlated 

with RMSSD at p = 0.005. Additionally, MVPA 

was also significantly correlated with waist 

circumference (- 0.541, p = 0.008), waist-to-hip 

ratio (-0.485, p = 0.014), fat percentage (-0.402, 

p = 0.046) and VO2peak (0.592, p = 0.004). finally, 

EDSS and MS duration were analyzed with regard 

to CDV risk parameters. Table s3 shows correlation 

analysis between EDSS and MS duration, and 

primary outcomes AIx@75bpm, cfPWV and RHI. 

No correlations were seen except for AIx@75bpm 

and MS duration (r = 0.483, p = 0.042). 

  

Table 3:  Correlation analysis of primary outcomes with SB and PA. 

 

 LIPA 

 (expressed in 

% of WT) 

MVPA 

(expressed in % of 

WT) 

SB  

(expressed in 

% of WT) 

AIx@75bpm (%) Pearson Correlation -0.078 -0.246 -0.051 

cfPWV (m/s) Pearson Correlation 0.053 -0.368° 0.289 

RHI Pearson Correlation -0.477* 0.049 0.150 

* denotes p < 0.05, ° denotes p = 0.084 

AIx@75bpm; Augmentation index corrected to 75 bpm heart rate, cfPWV; carotid–femoral pulse 

wave velocity, RHI; reactive hyperemia index, LIPA; light intensity physical activity, MVPA, moderate-

to-vigorous intensity physical activity, SB; Sedentary behaviour. 
 

Table 4: Partial Correlation of primary outcomes with SB and PA, adjusted for covariates age & body fat 

%. 

 

Control Variables 

LIPA 

(expressed 

in % of 

WT) 

MVPA 

(expressed 

in % of WT) 

SB  

(expressed in 

% of WT) 

Age (y) 

& Body 

fat (%) 

AIx@75bpm (%) Correlation -0.316 -0.377 0.408 

cfPWV (m/s) Correlation -0.225 -0.210 0.482* 

RHI Correlation -0.518* -0.082 0.184 

*. denotes p < 0.05 
AIx@75bpm; Augmentation index corrected to 75 bpm heart rate, cfPWV; carotid–femoral pulse 

wave velocity, RHI; reactive hyperemia index, LIPA; light intensity physical activity, MVPA, moderate-

to-vigorous intensity physical activity, SB; Sedentary behaviour. 
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DISCUSSION 

This study was performed to try and provide 

clarity on the relation between SB, PA and vascular 

function of persons with MS. Literature remains 

contradictory when it comes to what influences 

vascular function in PwMS, and whether PwMS 

have an increased risk of developing CVD 

independent of activity levels and time spent 

sedentary (51).  Our novel findings suggest that 

independent of activity levels, percentage of 

waking time spent sedentary is associated with 

CVD risk factor (i.e.) cfPWV. Due to low post hoc 

power, more studies are required to verify this 

finding. 

 

Physical activity did not significantly alter primary 

outcomes – While there are no significant 

differences in primary outcomes in sedentary HC 

vs. PwMS, which agrees with the hypothesis that in 

matched participants, there are no differences 

concerning CVD risk between HC’s and PwMS, we 

also failed to demonstrate significant differences 

between active and inactive sedentary PwMS. 

There might be several reasons for the absence of 

changes in primary outcomes. We measured values 

well below what had been noted in literature. The 

highest cfPWV, measured in the inactive MS 

group, was 6.7 m/s at an average age of 36.8. 

Reference values for a normal population in that 

age range (30-39) is 6.32 (52). Literature in PwMS 

typically measures values above that, Ranadive et 

al. noted a cfPWV of 7.06 ± 0.25 (12), with others 

noting cfPWV values up to  
7.7 ± 2.0. For AIx@75, this difference was even 

more noticeable, 14,8 % noted in the highest group 

(active PwMS) vs. 22,81 ± 2,01 and 26,5 ± 10 

noted by Ranadive et al. and Boshra et al.(53), with 

an average age of 47 ± 1,83 and 32 ± 8,47 

respectively. However, it important to mention that 

the papers of both Ranadive and Boshra included a 

higher number of participants (n=33 and n=50 

respectively) compared to the 20 PwMS included in 

the current study. With reference values for the age 

category ≤ 39 being 23,4 in a normal population 

(54). However, the primary reason for the absence 

of significant results might be due to the low value 

of post hoc power analysis of 0.12. Which is caused 

by lack of time to fulfill sample size requirements 

of 28 per group (HC VS. MS). Another explanation 

may reside in the activity patterns of participants, 

we noted highly active participants in the active 

category, with some having upwards of 600min of 

MVPA/week. Yet most of the inactive participants 

were only slightly below the cut off value of 

150min of MVPA/week. This could have skewed 

into a more active median, indicating also the 

inactive participants were relatively active. With 

almost none below 100min of MVPA/week. In 

addition to this, activpal data was not adjusted for 

daily heart rate. It was noticed certain activities are 

not measured as being active by the activPAL3tm 

monitor (e.g. kayaking being identified as seated 

transport). 
 

Table 5: SB and PA and blood pressure outcomes after adjustment for age and body fat %. 

 

Control Variables SB  

(expressed 

in % of WT) 

MVPA 

(expressed 

in % of WT) 

LIPA 

(expressed 

in % of 

WT) 

Age (y) & 

body fat 

(%) 

SBP (mmHg) Correlation -0.303 0.192 0.318 

DBP (mmHg) Correlation -0.039 0.103 0.084 

MAP (mmHg) Correlation -0.160 0.141 0.194 

Aortic SBP (mmHg)  Correlation -0.478* 0.308 0.380 

Aortic DBP (mmHg) Correlation -0.002 0.076 0.068 

*. denotes p < 0.05,  

SB; sedentary behaviour, MVPA; moderate-to-vigorous physical activity, LIPA; light intensity physical 

activity, (aortic) SBP; (aortic) systolic blood pressure, (aortic) DBP; (aortic) diastolic blood pressure, 

MAP; mean arterial pressure 
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Vascular risk factors are correlated with SB, 
and LIPA – Our initial bivariate correlation 

provided significant results between LIPA and 

RHI. Following our hypothesis, it was expected 

both SB and MVPA would correlate with either 

AIx@75bpm, cfPWV or RHI. Noticeable is that, 

according to the correlation analysis, higher levels 

of LIPA would decrease RHI. It is generally known 

that exercise, be it LIPA or other intensities, would 

increase vascular endothelial function, and 

therefore RHI (55-57). It is surprising that the 

correlation remained significant after adjustment 

for fat % and age. Literature regarding RHI 

previously suggested an association between RHI 

and body fat % (58). Since we show associations 

between body fat % and MVPA, the reason our 

study had results indicating a trend of decreased 

RHI might be because persons with a higher 

 

 
Figure 1 – A) Correlation between MVPA expressed as a percentage of waking time and primary outcome 

cfPWV. Graph shows a trend (p = 0.084) of decreased cfPWV when MVPA (% of WT) increases. B)  

Correlation between SB expressed as a percentage of waking and cfPWV (p = 0.183). 

MVPA; moderate-to-vigorous physical activity, SB; sedentary behaviour, cfPWV; carotid-femoral 

pulse wave velocity. Correlation was performed using Pearson parametric correlation. 

 

A) 

B) 
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amount of time spent in LIPA, are therefore less 

active in the MVPA intensity, which could lead to 

those persons having a lower RHI value compared 

to the ones that are more active in the MVPA 

intensity. Following that logic, the reason MVPA 

did not affect RHI might be due to the low statistical 

power. A final reason resides in the fact RHI 

calculations by use of EndoPAT-2000 cannot 

provide any algorithm or statistic measures used to 

calculate RHI, but only provides a final value. This 

has previously also been indicated as an issue, as 

literature stated the EndoPAT software uses a fixed 

time frame during the hyperemic response to 

calculate the RHI, yet the maximal hyperemic 

response does not always occur in the same time 

period after occlusion (59).  

Partial correlation of SB showed a significant 

correlation with cfPWV, which agrees our 

hypothesis that in all activity levels, SB has a 

significant influence on CVD risk parameters.  This 

correlation was independent of MVPA, as 

additional adjustment for MVPA was performed. 

SB, although not significant, still tended to 

correlate with cfPWV at p = 0.071 (Table s4). Yet 

correlations might have lost significance due to a 

loss in power which is seen after correcting for 

covariates (60). 

We demonstrate an inverse association between SB 

and aortic SBP. This is in direct contrast to general 

findings in literature, which indicate a positive 

correlation between SB and BP (41). Similar to the 

ANOVA, correlation analysis might suffer from 

low power. Additionally, values of BP seen in the 

inactive PwMS are well below ‘normal’ values of 

120/80. Indicating the low number of participants 

in this group might have skewed result into less 

representative values for general inactive persons. 

Contrary, previous findings did not use an objective 

measure to assess SB, but assessed SB using self-

reported sitting times by use of the International 

Physical Activity Questionnaire (IPAQ) (61). 

Additionally, meta–analysis show self-reported 

time spent in sedentary behaviors to be significantly 

associated with both SBP and DBP, whereas 

accelerometer-assessed time spent in sedentary 

behaviors failed to show an association (62). 

Current findings also failed to provide significant 

correlations between PA, either LIPA or MVPA, 

and BP. This is also contradictory to known 

literature that states endurance, dynamic resistance, 

and isometric resistance training lower SBP and 

DBP (63) 

  

MVPA is correlated with secondary outcomes 

such as HRV, VO2peak, fat percentage and 

WHR – Results show significant correlations with 

several secondary outcomes, including HRV 

parameter RMSSD, It is known HRV is improved 

upon frequent exercise in the general 

population(64, 65). Nonetheless in PwMS, no 

differences between HRV in PwMS VS. HC’s have 

been previously found (66). Therefore, this might 

give new insight into the effect of exercise on HRV, 

which seems to elucidate similar effects in PwMS 

as it does in HC’s. Furthermore, MVPA increased 

VO2peak significantly. Cardiorespiratory fitness 

has previously been associated with disease 

severity (67). Herein VO2peak was associated with 

EDSS score, adjusting for aging and differences 

between men and women. Suggesting disease 

progression might be exaggerated by a reduction in 

physical activity or sedentary lifestyle, thereby 

suggesting exercise therapy as a disease-modifying 

treatment. Which was partly supported by Motl et 

al. (68) who suggested a potential preventative 

function, in terms of disease progression, of PA in 

PwMS. Combining this with the significant 

correlation of MVPA and HRV, clinical relevance 

remains for PwMS to engage more in PA, as it 

could indirectly effect disease progression. 

However conclusive evidence on this matter cannot 

be provided, as this is a cross-sectional design and 

therefore progression over time related to PA or SB 

was not measured. Furthermore, low EDSS values 

due to the inclusion criteria of being ambulatory 

(EDSS<5) prevents us to generalize the possible 

preventive function of PA. 

In contrast to previous studies, PWV was not 

correlated with MS duration (r = 0.124, p = 0.623) 

nor EDSS (r = 0.120, p = 0.657) (53). This agrees 

with our hypothesis that MS itself does not lead to 

increased CVD risk compared to HC’s, but rather 

the decreased PA and sedentary lifestyle 

concomitant with MS. Literature in well-matched 

PwMS and HC’s agrees with these findings, stating 

impaired vascular function, elevated inflammation 

and oxidative stress are not an obligatory 

accompaniment to MS (69).  
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Strengths – To our knowledge, this is the first 

study to analyze the effects of SB on CVD risk in 

objectively measured PA-matched populations of 

PwMS and HC’s. The current study shows that, 

independent of MVPA, SB is correlated with risk 

factors for CVD (i.e. cfPWV).  

 

Limitations – Our study came with several 

limitations. The first being the inability to reach 

sample size in the provided time. Group size of 28 

PwMS and 28 HC’s was not achieved, final 

analysis of results was performed with 20 PwMS 

and 5 HC’s. Of the 20 PwMS, 14 were considered 

active, and 6 were considered inactive. This 

inequality can be the reason mean values were not 

significantly different between active and inactive 

PwMS.  Next to that the activity levels were based 

purely on activPAL3® data, and individual heart 

rate has not been considered. This generates 

possible inaccuracies of the activity tracking, being 

that the activPAL3® monitor does not take into 

account intensive movements that do not require 

leg movement (e.g. upper body strength training, 

arm training or seated rowing exercises). However, 

activPAL3® monitor is still considered the gold 

standard for measuring SB and PA in free-living 

conditions (70). Next to that, we did not consider 

different distributions of PA and SB. For example, 

the differences between persons who do regular 

weekly exercises, VS. persons who combine all 

their activity into 1 or 2 days per week (so-called 

“weekend warriors”). Although no differences 

concerning CVD risk have been previously found 

between week warriors and regular exercisers, 

effects on secondary outcomes had not been 

previously investigated (71). Furthermore, all our 

study participants had the relapsing-remitting 

phenotype of MS and they only had mild to 

moderate disability, limiting generalizability of 

these findings to other phenotypes and non-

ambulatory PwMS. Additionally, the HC group 

was small compared to the MS group, and we were 

unsuccessful to include inactive HC’s. This led to 

another limitation, being the inability to use two-

way ANOVA to examine the possible interaction 

between both PA and disease status, this was not 

possible due to lack of inactive HC participants. 

Hence, two-way ANOVA was replaced with one-

way ANOVA followed by Bonferroni post hoc. 

 

Future perspective – additional studies should 

be conducted to analyze CVD risk in PwMS while 

taking PA and SB into account. This study 

functions as an indication CVD risk in PwMS might 

be primarily affected by activity levels and 

sedentary lifestyle which often accompanies the 

MS disease course. Longitudinal studies could 

provide added deeper insight as to what degree PA 

and prevention of a sedentary lifestyle act as 

preventive therapy, and what the minimal amount 

of PA and maximal amount of SB would be to still 

gain from the benefits, while being achievable in a 

mobility disability population like MS populations. 

Furthermore, the effects of resistance training 

remains inconclusive in PwMS, as in the current 

study, resistance training was not accounted for. 

 

CONCLUSION 

The current study presented some data which 

supports the hypothesis that in PA-matched 

sedentary population of healthy controls and 

PwMS, sedentary behaviour is associated with 

cardiovascular health and cardiovascular risk is 

comparable between PwMS and healthy controls. 

This was supported by the significant correlation of 

SB with CVD risk factor cfPWV. In addition,  

MVPA is correlated to several secondary outcomes 

that may indirectly also impact CVD risk (e.g. 

VO2peak, body fat %, and RMSSD). unfortunately, 

strong conclusive evidence cannot be provided as 

post hoc analysis yielded low statistical power 

(0.12). Nonetheless, current results hint at the 

relevance of implementing physical activity and 

sedentary lifestyle tracking in persons who suffer 

from MS.
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Figure s1: design schematic of the current study setup. The study included 3 visits of screening, eligibility, 

activity tracking (visit 2) and a test day where CVD risk parameters were analyzed (visit 3). PA; Physical 

activity, SB; Sedentary Behaviour, MVPA; moderate-to-vigorous activity, WC; waist circumference, HC; 

hip circumference, BW; body weight, BL; body length, DEXA; Dual Energy X-ray Absorptiometry, BP; 

blood pressure, HRrest; Heart rate in rest, HRV; heart rate variability, MS-WS12; Multiple Sclerosis 12-

item walking scale, MFIS; modified fatigue impact scale, PSS; perceived stress scale, CPET; 

cardiopulmonary exercise test. 



                           Senior internship- 2nd master BMW 

21 
 

 

 

 

 

 

 

 

 

 

Table s1: Bivariate correlations of MVPA and secondary outcomes. 

 

MVPA 

(expresse

d in % of 

WT) 

EDSS 

Waist 

Circumfe

rence 

(cm) 

Waist-to-

hip ratio 

Body fat 

(%) 

Vo2

peak 

(ml/min/k

g) 

RMSSD 

(ms) 

MVPA 

(expresse

d in % of 

WT) 

Pearson 

Correlatio

n 

1 -0.361 - 0.541** -0.485* -0.402* 0.592** 0.547** 

EDSS 

Pearson 

Correlatio

n 

-0.361 1 0.478 0.507* 0.304 -0.288 - 0.29 

Waist 

Circumfe

rence 

(cm) 

Pearson 

Correlatio

n 

-0.541** 0.478 1 0.853** 0.485* -0.649** -0.296 

Waist-to-

hip ratio 

Pearson 

Correlatio

n 

-0.485* 0.507* 0.853** 1 0.197 -0.454* -0.367 

Body fat 

(%) 

Pearson 

Correlatio

n 

-0.402* 0.304 0.485* 0.197 1 -0.879** -0.350 

Vo2peak 

(ml/min/k

g) 

Pearson 

Correlatio

n 

0.592** -0.288 -0.649** -0.454* 0.879** 1 0.430* 

RMSSD 

(ms) 

Pearson 

Correlatio

n 

0.547** -0.279 -0.296 -0.367 -0.350 0.430* 1 

* denotes p < 0.05, ** denotes p < 0.01 

EDSS. Expanded disability status scale, MVPA, moderate-to-vigorous intensity physical activity, 

RMSSD; Root mean square of  successive differences between normal heartbeats. 
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Table s2: BP and independent variables MVPA, SB (expressed in % of WT and uninterrupted bouts of 

>60min), and LIPA. 

 

 

MVPA 

(expressed in 

% of WT) 

SB  

(expressed in 

% of WT) 

Uninterrupte

d bouts of SB 

(>60min) 

LIPA 

(expressed in 

% of WT) 

SBP (mmHg) 
Pearson 

Correlation 
0.007 -0.419* -0.288 0.438* 

DBP (mmHg) 
Pearson 

Correlation 
-0.174 -0.218 -0.166 0.296 

MAP 

(mmHg) 

Pearson 

Correlation 
-0.160 -0.313 -0.214 0.380 

Aortic SBP 

(mmHg) 

Pearson 

Correlation 
0.019 -0.527** -0.328 0.491* 

Aortic DBP 

(mmHg) 

Pearson 

Correlation 
-0.191 -0.194 -0.171 0.285 

**. Denotes p < 0.01 

*. Denotes p < 0.05 

LIPA; light intensity physical activity, MVPA, moderate-to-vigorous intensity physical activity, SB; 

Sedentary behaviour. SBP; systolic blood pressure, DBP, diastolic blood pressure, Map; mean arterial 

pressure. 

 
 

Table s3: primary outcomes and EDSS and MS duration 

 

 AIx@75b

pm 

cfPWV RHI 

MS duration Pearson 

Correlation 
0.483* 0.124 -0.284 

EDSS Pearson 

Correlation 
-0.228 0.120 -0.134 

*. Denotes p < 0.05 

AIx@75bpm; augmentation index corrected to 75 bpm, cfPWV; carotid-femoral pulse wave 

velocity, RHI; reactive hyperemia index, EDSS; expanded disability status scale. 
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Table s4: Correlations between SB and cfPWV corrected for body fat %, age and MVPA. 

 

Control Variables SB 

(expressed in 

% of WT) 

cfPWV 

(m/s) 

Body fat (%) & Age (y) 

& MVPA (expressed in 

% of WT) 

Total SB/day_% 

of WT 

Correlation 1.000 0.412 

Avg calculated 

PWV 

Correlation 0.412° 1.000 

° denotes p = 0.071 

MVPA, moderate-to-vigorous intensity physical activity, SB; Sedentary behaviour. cfPWV; carotid-
femoral pulser wave velocity. 
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