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ABSTRACT

Purpose. High intensity concurrent training (HICT) positively affects important cardiovascular risk factors.
Because this was never investigated in MS, the present pilot study explored the impact of combined high intensity

endurance interval and strength training on cardiovascular risk factors in this population.

Methods. Before (PRE) and after (POST) 12 weeks of HICT (endurance interval and strength, 5 sessions per 2
weeks, n=16) body composition (DEXA), resting blood pressure and heart rate, 2h oral glucose tolerance (OGTT,
HbAlc, [glucose]biood, [iNsulin]bicod), blood lipids (HDL, LDL, total cholesterol, triglyceride levels) and C-reactive

Protein (CRP) were analyzed.

Results. Twelve weeks of HICT appears to be well tolerated and significantly improved resting heart rate (MD 4
bpm, 95% CI1 2 to 7) , 2h [glucose]picod (MD 1 mmol/l, 95% CI -1 to 2) and HOMA index (MD 0.5, 95% CI 0 to

1). Blood pressure, body composition, blood lipids and CRP however did not seem to be affected.

Conclusion. Under the conditions of the present pilot study, 12 weeks of concurrent high intense endurance
interval and strength training improved resting heart rate, 2h glucose and HOMA index in MS, but did not affect
blood CRP levels, blood pressure, body composition and blood lipid profiles. This data warrants further, larger

and controlled research investigating the effects of HICT on cardiovascular risk factors in MS.
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1. INTRODUCTION

Decreased exercise capacity, post-exercise fatigue and reduced muscle contractile functioning are frequently
occurring comorbidities in Multiple Sclerosis (MS) that lead to an inactivity-related physiological profile and thus
more associated (secondary) health risks than provided by the disease per se [1, 2, 3, 4]. Furthermore, and similar
to other populations, such sedentary lifestyle is associated with an increased risk for the development of
cardiovascular diseases (CVD) [5] such as hypertension, overweight/obesity, type 2 diabetes mellitus and

dyslipidemia [5, 6].

Low-to-moderate intensity exercise therapy (cardiovascular and resistance training) has become an important part
of overall symptom management in MS [7] leading to improved exercise capacity, muscle strength and various
functional measures [8]. In HC, moderate intensity exercise training clearly affects various cardiovascular risk
factors such as whole body glycemic control [9]. Consequently, we previously investigated its effectiveness on
glucose tolerance in persons with MS [10] but, surprisingly, were unable to show any effects [10]. It is difficult to
explain this discrepancy. Possibly, in persons with MS higher exercise intensities may be required to induce
positive effects. This was already demonstrated in healthy controls, obese subjects and in stroke/cardiac patients
were a wide range of high intensity interval training modes (HIIT; 1-5 high intensity exercise bouts ranging from
6s-4min interspersed by recovery periods of 30s-4min, intensities of 90-100% heart rate or VOzmax) Substantially
improve exercise performance and muscle strength [11] but also various cardiovascular risk factors such as body
composition (subcutaneous and abdominal fat) [12], blood glucose and insulin sensitivity [13], functional recovery
(improved cardiorespiratory fitness, reduced effort of walking) [14], intrinsic heart pump activity [15] and systemic
cytokine balance. In keeping with this, we recently evaluated the impact of both moderate (24w, 5 sessions per 2
weeks, 50-70% HR max) and high intensity training (12w, 5 sessions per 2 weeks, 90-100% HR max) on various
cardiovascular risk factors in MS [16] and reported substantially greater improvements in exercise capacity, muscle
contractile characteristics and in glucose tolerance following 12 weeks of HIIT compared to 24 weeks of moderate
intensity training [10, 16]. Interestingly, in healthy subjects and compared to HIIT alone high intensity concurrent
training (HICT) that combines high intense endurance and strength training has been shown to further improve
body composition, muscle strength, overall health and cardiovascular fitness [17, 18, 19]. Consequently, in this
population the combined effects of HIIT and resistance training on important cardiovascular risk factors appear to
be worthwhile investigating. The effects of high intensity concurrent training on various cardiovascular risk factors

in MS however have not been investigated yet.



In keeping with the above line of reasoning, the present pilot trial therefore explores the effects of a 12-week HICT
intervention on various cardiovascular risk factors, such as body composition, blood pressure and heart rate, blood
lipid profiles, whole body glucose disposal and C-reactive protein (CRP) levels in a small sample of persons with

MS. We hypothesize that HICT improves these cardiovascular parameters in persons with MS.

2. METHODS

2.1 Subjects

Following local advertisement and written informed consent, sixteen persons with MS (mean EDSS 2.6+0.2) were
included. Subjects were excluded if they were pregnant, aged <18 years, participated in another study, experienced
an acute exacerbation 6 months prior to the start of the study, had contraindications to perform physical exercise,
or had an EDSS score >6. Use of disease-modifying therapy and other medication intake was inventoried. Subjects
were asked to maintain their usual medication intake constant throughout the study course. All data was collected
at the Rehabilitation Research Centre of Hasselt University. 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 of 1975. This study was registered at ClinicalTrials.gov (NCT02466165).

2.2 Study Design

At baseline, body composition, resting blood pressure and heart rate, blood sample analysis (detection of HDL,
LDL, total cholesterol, triglyceride levels, CRP, glucose- and insulin concentrations), exercise capacity (maximal
graded exercise test) and muscle strength (isometric/isokinetic dynamometry) were assessed. Furthermore,
previous cardiovascular problems, smoking and any antihypertensive medication were registered. Following
baseline screening persons with MS were enrolled in a 12-week high intensity concurrent training (HICT) program
under a one on one supervision of a physiotherapist to increase compliance and adherence. Hereafter, baseline

measurements were repeated.



2.3 Measurements

2.3.1 Body composition:

Whole body fat and lean tissue mass were obtained using Dual Energy X-ray Absorptiometry scan (DEXA)
(Hologic Series Delphi-A Fan Beam X-ray Bone Densitometer, Vilvoorde, Belgium). A calibrated analogue

weight scale (Seca®) was used to measure total body mass.

2.3.2 Blood pressure and heart rate:

Resting blood pressure and heart rate were measured with an automatic blood pressure cuff (Omron M4-1, Omron
Healthcare Europe B.V., Hoofddorp, The Netherlands) in a supine position (7 min) immediately following the

DEXA scan (to prevent orthostatic influence).

2.3.3 Oral glucose tolerance test:

Glycemic control of persons with MS was investigated using an oral glucose tolerance test (OGTT). Following a
10h overnight fasting period, all participants received a 1g glucose/kg body weight solution. Before and after
glucose administration, capillary blood samples were collected from a hyperaemic earlobe at 30min intervals
during a 2h period, to measure whole-blood glucose concentrations immediately (Analox GM7 Micro-stat, Analox
instruments Ltd, London, UK). Whole-blood glucose concentrations were converted to plasma concentrations
using a multiplier of 1.11 [20]. To determine serum insulin levels, 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 3500 rpm. The obtained serum was frozen

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

2.3.4 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 total cholesterol, high-density lipoprotein cholesterol (HDL), low-density lipoprotein
cholesterol (LDL), plasma triglycerides, C-reactive protein (CRP) (Beckman Synchron LX 20 Analyzer®,
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Beckman Coulter Inc., Diamond Diagnostics, USA), and glycosylated haemoglobin (HbAlc) (Hi-Auto Alc
Analyzer®, Menarini Diagnostics Inc., Florence, Italy). Whole-body insulin sensitivity was calculated by the
homeostasis model assessment (HOMA.: [fasting plasma glucose (mmmol/l) x fasting serum insulin (mU/1)]/22,5)

[21].

2.3.5 Physical activity

Participants were asked to report their physical activity level (Physical Activity Scale for Individuals with Physical

Disabilities, PASIPD) of the previous 7 days [22].

2.3.6 Maximal exercise test

During the exercise test to volitional fatigue, an electronically braked cycle ergometer (eBike Basic®, General
Electric GmbH, Bitz, Germany) with pulmonary gas exchange analysis (Jaeger Oxycon®, Erich Jaeger GmbH,
Germany) was used (cycling frequency: 70 rpm). This test was performed at least 48 hours separated from the
isometric muscle strength test to exclude interference of muscle fatigue. Female and male persons with MS started
at 20W and 30W, respectively, during the first minute. Hereafter, workload increased, respectively, 10W and 15W
per minute [23]. Oxygen uptake (VO_), expiratory volume (VE), and respiratory exchange ratio (RER) were
collected breath-by-breath and averaged every minute. Using a 12-lead ECG device, heart rate (HR) was monitored
every minute. At the end of the test RER values were evaluated to verify whether the test was maximal. In addition,
maximal cycling resistance (Wmax), maximal heart rate (HRmax), test duration and VOamax, defined as the

corresponding load, heart rate, minutes and oxygen uptake measured at the level of exhaustion, were reported.

2.3.7 Isometric/isokinetic strength test

After five minutes of warming-up on a cycle ergometer maximal voluntary isometric muscle strength of the knee
extensors and flexors (45° and 90° knee angle) was measured, using an isokinetic dynamometer (System 3,
Biodex®, ENRAF-NONIUS, New York, USA). Two maximal isometric extensions (4s) and flexions (4s), followed
by a 30s rest interval, were performed . The highest isometric extension and flexion peak torques (Nm) were

selected as the maximal isometric strength. Baseline results were used to classify the legs of each patient as the



weakest or strongest leg. This subdivision was maintained in further analysis, replacing a conventional left-right
classification. The isokinetic test was initiated following 3 submaximal trial contractions. Subjects performed 20
maximal dynamic knee-extensions/flexions at a velocity of 180°/s to assess strength endurance of the knee
muscles. Extension of the knee was initiated at a joint angle of 90° to an angle of 160°. Following each extension
the leg was returned actively to the starting position from which the next contraction was immediately initiated.
Throughout the range of movement, workload was kept constant during both extension and flexion. To determine
muscle strength endurance, the average work (J) of the first 6 contractions was compared with the last 6

contractions and expressed as a percentage decrease.

2.3.8 High intensity concurrent training (HICT)

HICT consisted of combined endurance interval and resistance training. High intensity endurance interval training
was performed on a cycle ergometer under close supervision at a frequency of 5 sessions per 2 weeks, throughout
the 12-week program. During the first 6 weeks of training, cycle exercise duration gradually increased from
5x1min bouts of high intense endurance exercise followed by 1min rest intervals, to 5x2min exercise bouts with
1min rest intervals. Exercise intensity was 100% of the maximal workload (obtained during the exercise test),
corresponding to 85-90% of the maximal heart rate. During the second 6 week training cycle, duration remained
stable at 5x2min exercise bouts with 1min rest intervals and the workload increased to 100% of maximal heart
rate. The second part of the training session consisted of resistance training for upper (vertical traction, arm curl
and chest press) and lower (leg press, leg extension and leg curl) limbs. Training intensity and volume were
adjusted throughout the intervention program from 1x10 repetitions to 2x20 repetitions at an individual maximal
attainable load for each subject. To exercise at similar relative workloads and to compensate for frequently
occurring bilateral strength differences between the legs of persons with MS , resistance training of the lower limbs

was performed unilaterally.

3. Statistical Analysis

All data were analyzed using SPPS v. 22.0 (IBM). Pre-post differences within groups were analyzed using paired
t-tests. All data are presented as means + SD’s or mean difference (MD) with accompanying confidence interval

(CI) and the threshold for statistical significance was set at p<0.05.



4. RESULTS

4.1 Subject characteristics

Subjects characteristics are displayed in Table 1. Thirteen persons with MS were on disease-modifying therapy of
which 2 on teriflunomide, 6 on interferon-beta, 1 on dimethyl fumarate, 1 on glatiramer acetate and 3 on
natalizumab. Furthermore, 1 person was on ACE-inhibitors, 1 on beta-blockers, 1 on statins and 1 on biguanides.

Subjects scored 18.3+11,7 on the PASIPD (data not shown).

4.2 Adherence and adverse events

No drop-outs or adverse events were reported during the course of the study

INSERT TABLE 1 HERE

4.3 Cardiovascular risk factors

In MS, resting heart rate (MD 4bpm, 95% CI 2 to 7), 2h glucose (MD 1 mmol/l, 95% CI -1 to 2) and HOMA
index (MD 0.5, 95% CI 0 to 1) improved significantly (p<0.05) during the study course. Other cardiovascular risk

factors did not differ.

INSERT TABLE 2 HERE

4.4 Maximal cardiopulmonary exercise test and isometric/isokinetic dynamometry

Following 12 weeks of HICT workload capacity (MD 25W, 95% CI -34 to -16 ), time to exhaustion (MD 2min,
95% CI -3to -1), VE max (MD 15I/min, 95% CI -23 to -7) significantly increased (Table 3). Furthermore, isometric
and isokinetic muscle strength of the quadriceps and hamstrings of both legs improved (e.g. +14% extension 45°

weakest leg, MD 14 Nm, 95% CI -23 to -6) significantly after the 12-week HICT intervention (Table 4).

INSERT TABLE 3 HERE



INSERT TABLE 4 HERE

5. DISCUSSION

Twelve weeks of high intensity concurrent training (HICT) in multiple sclerosis (MS) substantially improved
exercise capacity and leg muscle strength as well as resting heart rate and 2h blood glucose and HOMA index. In
contrast to larger (n=8-84) controlled studies applying high intensity exercise in healthy controls [11, 12, 13], older
subjects, persons with overweight, type 1 diabetes [12, 24] and heart disease [14, 15, 25], the present pilot study,
not including a control group, did not demonstrate comparable effects on most cardiovascular risk factors in

persons with MS.

To date exercise therapy has become an important part of MS rehabilitation, leading to improvements in various
health related parameters [7]. To optimize therapy adherence and avoid complications, exercise interventions in
this population so far have mainly focused on low to moderate intensity rehabilitation training. In other populations
however higher intensity exercise therapy clearly further improves therapy outcome. In keeping with this, our
research group was the first to perform a well-tolerated HIIT program in this population, presenting substantial
improvements in endurance capacity and muscle contractile characteristics [16] as well as whole body glucose
disposal [23]. The present pilot study confirms this showing improved exercise capacity (oxygen uptake, time to
exhaustion, workload, Table 3) and muscle strength (Table 4) as well as reduced 2h blood glucose and HOMA
index (Table 2). Similar to our previous work, subjects did not report exercise-induce side effects or discomfort

and safely tolerated HIIT.

HICT has been shown to be an efficient strategy to improve cardiovascular fitness, aerobic capacity, body
composition and muscle strength in healthy (older) adults [17, 18, 19]. Because persons with MS also present
elevated cardiovascular risk factors [4] the present pilot study investigated the impact of an HICT intervention on
several of these cardiovascular risk factors in MS. As described above and similar to our previous HIIT study 2h
blood glucose, HOMA index and resting heart rate improved. In contrast to other comparable studies (1-5 high
intensity exercise bouts ranging from 6s-4min interspersed by recovery periods of 30s-4min, at intensities of 90-
100% heart rate or VOamax, 8 to 12 weeks of training, n=8 to 84) in other populations [11, 12, 13, 14, 24, 25] blood
lipid profile (total cholesterol, HDL, LDL), body composition (fat and lean tissue mass) and hemodynamic
parameters (systolic and diastolic blood pressure) however were not affected. It is difficult to explain the latter but

despite the fact that we and others previously successfully performed HIIT protocols in MS to improve exercise
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capacity and glucose tolerance, it is possible that persons with MS cannot reach the required maximal exercise
intensities to affect other cardiovascular parameters. Some recently published findings support this hypothesis.
First, MS is associated with cardiovascular autonomic dysfunction leading to impaired carotid baroreflex control
[26], attenuated elevations in blood pressure [27] and disturbed increases in heart rate [28] during exercise. As a
result, subjects probably did not reach near maximal heart rates during HIT. In other populations [29],
cardiovascular autonomic dysfunction often induces chronotropic incompetence (inability of the heart rate to
increase proportionally to an increase in activity or metabolic demand). Whether persons with MS also exhibit
such abnormality is presently unknown but the obtained maximal heart rates of the HIIT group during the exercise
test in the current study may indirectly confirm this hypothesis (PRE: 161+3.5 bpm vs. POST:162+4.8 bpm).
Second, abnormal muscular energy metabolism in MS has been demonstrated involving reduced Krebs cycle and
complex I and Il activities [30], overproduction of reactive oxygen species (ROS [31]), increased basal AMP-
activated protein kinase phosphorylation [32] and delayed phosphocreatine resynthesis after exercise [30, 32, 33].
This suggests higher basal and exercise related energy expenditure and increased exercise-induced
intramyocellular lactate accumulation, and thus greater muscle fatigue, as recently evidenced by increased basal
[34] serum lactate concentrations. Therefore impaired energy supply may attenuate adequate exercise therapy
response in MS. Although Amorini et al [34] only reported elevated serum lactate levels under resting conditions
this again may indicate that, in the present pilot study, maximal exercise intensity was not reached as evidenced
by the lower maximal blood lactate concentrations (Table 3), despite high post exercise muscle fatigue and overall

perceived exertion rates (BORG: 14.7£1.5).

5.1 Study limitations

The present study warrants future research but it is clear that to better differentiate between high intensity interval
therapy alone and high intense concurrent training, future intervention studies in this population should include a
control group performing other exercise intervention types. Furthermore, under the conditions of the present pilot
study effects on cardiovascular parameters seem limited. Despite the fact that similar training regimens in our
previous training intervention study [16, 23] affected exercise capacity, muscle strength and glucose tolerance,
longer training program duration may be required to improve other cardiovascular effects. Finally, this pilot study
explored the impact of HICT on cardiovascular risk factors in a small sample size of persons with MS.

Consequently, these data need confirmation in a larger scale study.
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6. CONCLUSION

Under the conditions of the present pilot study, 12 weeks of high intensity concurrent training improved exercise
capacity and muscle strength but does not appear to affect important cardiovascular risk factors such as blood
pressure, body composition, blood lipid profiles and CRP levels in MS. The present findings warrant further, larger

and controlled studies.
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Tables

Table 1. Baseline subject characteristics.

Age (years) 52.8 (7.2)
Weight (kg) 68.7 (13.2)
Height (m) 1.71(0.1)
Sex (f/m) 917 (56/44%)
Smoking (y/n) 4/12 (25/75%)
Medication (y/n) 3/13 (19/81%)
BMI (kg/m?) 23.5(3.3)
EDSS 2.6 (1.5)

Data are expressed as means (SD’s) and represent baseline
characteristics of the MS subjects (n=16). Abbreviations: f, female;
m, male; y, yes; n, no; Medication, antihypertensive medication; BMI,
Body Mass Index; EDSS, Expanded Disability Status Scale.
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Table 2. Cardiovascular risk factors and impact of high intensity concurrent training.

PRE POST
Total Mass (kg) 62.3 (12.5) 61.2 (11.4)
Fat Mass (kg) 17.8 (4.7) 16.9 (4.9)
Lean Body Mass (kg) 44.2 (10.7) 44.2 (10.2)
Fat percentage (%) 29 (6.7) 28.2 (1.5)
Systolic BP (mmHg) 130 (13.5) 129 (14.7)
Diastolic BP (mmHg) 81 (8.6) 82 (9.4)
HR rest (bpm) 68 (8.9) 64 (8.7)*
Total Cholesterol (mg/dl) 193.7 (29.8) 188.2 (28.5)
LDL (mg/dl) 110 (24.9) 106.9 (19.6)
HDL (mg/dl) 62.7 (21.5) 59.9 (18.8)
Triglycerides (mg/dl) 103.6 (54.9) 106.9 (46.5)
CRP (mg/l) 2.1(27) 1.25 (1.1)
HbA1lc (%) 5.2 (0.3) 5.3(0.3)
Fasting glucose (mmol/Il) 5.5 (1.0) 5.2 (0.6)
2h glucose (mmol/l) 7.8(2.8) 6.8 (2.1)*
Fasting insulin (mU/1) 8.6 (4.2) 7.1(24)
2h insulin (mU/1) 44.1 (33.1) 441 (25.1)
HOMA 2.1(1.2) 1.6 (0.5)*

Data are expressed as means (SD’s) an represent cardiovascular risk factors before (PRE)
and after (POST) 12 weeks of high intensity concurrent training ( n=16). Abbreviations: BP,
blood pressure; HR, heart rate. *p<0.05: significant difference between PRE and POST.



Table 3. Cardiopulmonary exercise capacity and impact of high intensity concurrent training.

Workload (watt)
Time to exhaustion (min)
VO2max (Ml/min/kg)
VEmax (I/min)
RERmax
HRmax (bpm)
Lactatemax (mmol/I)
HRrecovery (bpm)

Lactatepeak (mmol/I)

PRE POST
142.2 (66.4) 167.5 (75.4)
10.3 (4.3) 12.3 (4.7)*
26.8 (8.6) 32.7 (11.4)*
82.3 (30.6) 99.4 (37.4)*
1.24 (0.1) 1.2 (0.2)*
161 (13.6) 162 (18.5)
5.8 (1.8) 5.7 (1.4)
117.6 (19.3) 122.9 (18.7)
8.2 (2.8) 10.3 (2.2)*

Data are expressed as means (SD’s) and represent parameters of the maximal exercise test
before (PRE) and after (POST) 12 weeks of high intensity concurrent training (n=16).
Abbreviations: VE, expiratory volume; RER, respiratory exchange ratio; HR, heart rate.. *
p<0.05: significant difference between PRE and POST.
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Table 4. Isometric/isokinetic strength and impact of high intensity concurrent training.

PRE POST
Isometric strongest leg
Ext 45° 111.6 (35.1) 124 (42.9)*
Flex 45° 80.3 (26.6) 88.9 (31.2)
Ext 90° 142.4 (48.5) 144.8 (43.3)
Flex 90° 62.1 (19.7) 68.7 (22.1)*
Isokinetic strongest leg
Ext 180° 83.9 (28.9) 89.9 (34.8)*
Flex 180° 52.7 (22.4) 56.9 (24.7)*
Isometric weaker leg
Ext 45° 101.1 (45) 115.4 (45.3)*
Flex 45° 63.7 (26.1) 76.4 (27.1)*
Ext 90° 111.8 (49.4) 127.6 (46)*
Flex 90° 50.4 (18.1) 60.9 (22.9)*
Isokinetic weaker leg
Ext 180° 74.1 (35.5) 80.6 (36.1)*
Flex 180° 423 (24.7) 44.7 (22.6)

Data are expressed as means (SD’s) and represent isometric and isokinetic flexion (Flex)
and extension (Ext) strength (in Nm) before (PRE) and after (POST) 12 weeks of high
intensity concurrent training (n=16). Abbreviations: VE, expiratory volume; RER,
respiratory exchange ratio; HR, heart rate.. * p<0.05: significant difference between PRE
and POST.



