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Context of the master thesis
This master’s thesis is part of the research domain rehabilitation of cardiorespiratory and
internal disorders in a neurological population. In particular, it focusses on the

cardiorespiratory rehabilitation in persons with Multiple Sclerosis (PwWMS).

The heterogeneity of symptoms in Multiple Sclerosis (MS) often leads to a sedentary lifestyle,
known as disuse-related physical inactivity’ 2. Such inactivity causes a vicious circle of physical
and functional deterioration and negatively influences exercise capacity?>, muscle
characteristics> 4 and quality of life (QoL)% > ©. Since pharmacological treatments have little
impact on these secondary symptoms, exercise therapy is a potent strategy to tackle these

deficits and the vicious circle of decreased exercise tolerance and greater disability’.

Exercise therapy has been shown to increase exercise tolerance, muscle strength, QoL and
various other functional measures in PWMS® °. More importantly, high-intensity interval
training (HIIT) shows superior results on exercise capacity and muscle characteristics
compared to continuous endurance training®. HIIT is a time-efficient strategy to implement
training in daily living!!. However, PWMS seem to express higher subjective fatigue following
HIT!? and reduced adherence®3. In an attempt to improve exercise performance, HIIT-related
feasibility and adherence; a periodized, HlIT-oriented, home-based, remotely supervised
exercise program in combination with B-alanine (BA) supplementation is investigated. BA, an
ergogenic aid used to enhance muscle carnosine content!* > (which is lowered in PwMS?®)
and consequently high intense training efficiency!” ¥, might lead to improved rehabilitation

outcomes in PwWMS when combined with an exercise program.

This master’s thesis is executed in cooperation with another master student (Kristof Geladé)
under the supervision of Doctor of Philosophy (PhD) student Charly Keytsman (co-supervisor)
and Prof. Dr. Bert Op ‘t Eijnde (supervisor) and is part of a broader research project that is
currently on-going at Hasselt University (UHasselt). This research project
(code:17.09/reval7.02) investigates the impact of B-alanine supplementation on the effects

of a home-based rehabilitation program in PWMS.

This experimental study is part of a PhD project of Drs. Charly Keytsman and was conducted

as master’s thesis project by Maarten Van Herck and Ine Nieste. The study was executed



during the first and second master year at the Rehabilitation Research Centre (REVAL) of

UHasselt in Diepenbeek, Belgium.

Aim of this master’s thesis was to answer the following research question: “What are the
effects of a home-based, periodized rehabilitation program and B-alanine supplementation

on exercise capacity and body composition in persons with MS?”
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1. Abstract

Background: High-Intensity interval training (HIIT) improves exercise capacity in persons with
MS (PwMS). However, PWMS are reported to show reduced adherence to this exercise type,
possibly due to its highly demanding nature. Hence, measures to improve HIIT feasibility and
adherence are worthwhile investigating. A potential strategy might be to implement
periodization principles and B-alanine (BA) supplementation, both commonly used in athletic

populations to enhance HIIT efficiency. This has never been investigated in PwMS yet.

Aim of the study: To investigate the feasibility and effects of a HIIT-oriented, periodized,
home-based training program on exercise capacity and body composition in PwMS and the

ability of BA to fortify these effects.

Methods: This double-blinded, placebo-controlled, randomized feasibility study consisted of
24 weeks periodized, home-based training. A 3-week training cycle (1 volume, 1 HIIT and 1
recuperation week) was repeated eight times. PwMS (EDSS: 1.83 +1.13) and healthy controls
(HC) were allocated to a BA (MSga, n: 12; HCga, n: 11) or matching placebo group (MSpy, n: 11;
HCpi, n: 11). Exercise capacity (VOamax, time-to-exhaustion: TTE, recovery: HRR, total work
done: TWD and maximal workload) and body composition (fat mass: FM, lean mass: LM, fat

percentage: FAT%) were assessed at pre- and post-intervention.

Results: Thirty-six subjects completed the intervention (MSga, n: 11; HCga, n: 8; MSp, n: 7;
HCpi, n: 10). Main time effects were found for load (+10.95%), VO2max (+6.17%) TTE (+12.42%),
TWD (+22.49%), FM (-6.05%) and FAT% (-4.04%). No main group, intervention nor interaction

effects were found (p>0.05). Training adherence was 86-92%.

Conclusion: A HIIT-oriented home-based training program seems feasible and enhances

exercise capacity in PwMS and HC. Supplementation of BA showed no additional effects.

Keywords: Multiple Sclerosis, B-alanine supplementation, exercise therapy, home-based

training, training periodization, exercise capacity, body composition.

Trial Registration: ClinicalTrials.gov NCT03418376






2. Introduction

Multiple Sclerosis (MS) is a progressive, autoimmune, neurodegenerative disorder of the
central nervous system, characterized by chronic inflammatory processes that cause
demyelination and axonal damage?®. Clinical manifestations include spasticity, tremor,
paralysis, increased fatigue, decreased mobility, walking difficulties, muscle weakness and
cognitive abnormalities?. These manifestations often lead to disuse and a more sedentary
lifestyle® 4. This disease-induced physical inactivity causes a vicious circle of decreased
exercise tolerance and even greater disability> ¢, thereby negatively influencing quality of life
(Qol)’. Recent immune-modulatory therapies effectively decrease MS relapse rates and
disease severity, but fail to slow the disease processes and accumulation of MS-related

disabilities. Therefore, alternative solutions are warranted.

Exercise therapy, currently known to be safe, well tolerated® and efficient at counteracting
negative effects on mobility, muscular strength, physical fitness and fatigue® 1, has become a
cornerstone of rehabilitation in persons with MS (PwMS). Surprisingly and in an attempt to
further improve exercise therapy outcome in MS, superior results were found following high
intensity interval training (HIIT, 1-5 high-intensity exercise bouts ranging from 6s to 4min
interspersed by recovery periods of 30s — 4 min, 8-12w)!! on exercise capacity and muscle
strength (+25-60%), compared to moderate intensity training'? 3. Although no adverse events
are reported in literature®3-1>, adherence to HIIT is reported to be rather low in PWMS (53-
72%) compared to continuous, low intensity exercise (95%)¢. Possibly, a rehabilitation
program consisting of purely high intense modalities is too demanding (intensity = 100% of
maximum heart rate) and requires perseverance. In fact, Perri et al. (2002) reported that
prescription of higher exercise intensities appeared to significantly decrease training
adherence, leading to reduced exercise output!’. This supports the necessity of alternative
training programs (with inclusion of HIIT components) to augment long-term feasibility and

adherence in patients?'®,

In sports communities, training programs are designed to ensure optimal performance
throughout the entire season while preventing overload and/or injuries. Training is divided in
periodically alternating blocks of 1-4 weeks. Each block represents a different training goal, to
ensure adequate stimuli and adaptations®®2%. This periodization principle could be used for

PwMS as well in order to comply with the HIIT requirements and on the same time, enhance

9



feasibility by alternating HIIT blocks with other training modalities. Additionally, training
performance and thus clinical outcomes might even be improved, since current rehabilitation
principles (continuous, linear progressions of the same stimulus and training of multiple
abilities simultaneously) result in suboptimal stimuli and adaptations?'-23, However, principles

of periodization have never been explored in the rehabilitation of PWMS.

Although exercise therapy has proven to be effective in terms of functional parameters and
QoL in MS, only 43 percent of PWMS is reported to participate in an exercise program?4,
Multiple barriers to engage in physical activity (PA) are identified in literature, being: lack of
time, distance, transportation, neurological disability, specialist availability and insurance
coverage?> 26, These barriers cause rehabilitation to be of short term and often reactive to a
functional decline?®, which limits long-term benefits. Possibly, if PwMS would be able to self-
manage their exercise therapy and transportation is no longer of concern, higher activity levels
might be established. This could be achieved by home-based rehabilitation, which has already

been shown to be safe and effective for improving function and symptoms in MS?7- 28,

Ergogenic supplements are widely used in athletic populations to enhance training efficiency
and could be particularly useful in a context of maximum intensity (i.e. HIIT). Hence,
supplements able to compensate for such high training demands have been extensively
studied, which has led to the disclosure of ergogenic effects of B-alanine (BA) in exercise types
lasting 60-240s2% 30, BA is the rate-limiting precursor of carnosine3!, which is an important
intramuscular buffer of exercise-induced acidosis during high-intensity exercise3!.
Interestingly, recent evidence shows significant reductions in muscle carnosine content (MCC)
in PWMS compared to healthy controls (HC)*. Additionally, PwMS are reported to have higher
blood lactate concentrations3? which could, based on the above line of reasoning, possibly
account for the higher degrees of subjective leg fatigue and overall perceived exertion
during/after HIIT reported in MS*% 3334 QOral ingestion of BA has been shown to increase MCC
in healthy persons®>, and in an animal MS model (Experimental Autoimmune
Encephalomyelitis, EAE). Furthermore, MCC elevations are already shown to exert ergogenic

effects in athletes3?, but have never been investigated in PWMS yet.

Therefore, the aim of the present study was to investigate the effect and feasibility of a HIIT-
oriented, periodized, long-term (home-based) training program on exercise capacity and body

composition in MS and the ability of BA to fortify these effects.

10



3. Materials & Methods

3.1. Subjects

Participants were recruited through local advertisement in cooperation with the non-profit
association ‘Move To Sport’. Sixty-six subjects were assessed for eligibility and 45 were
enrolled in the study following written informed consent, of which 23 persons with MS (PwMS;
EDSS range 0-4, mean: 1.83 £1.13) and 22 healthy controls (HC). A flowchart of participants’
inclusion can be found in Figure 1. Subjects were asked to maintain their usual medication
constant the entire study course and were excluded if they experienced an acute MS
exacerbation 3 months prior to the start of the study, were already taking nutritional
supplements in the previous 6 months, had an EDSS score > 4, were aged < 18 years, or had
contraindications to participate in moderate- to high intense physical exercise. The study was
approved by the local Ethical Committee of the Jessa hospital and Hasselt University
(7/02/2017, 17.09/REVA17.02) and was performed in accordance with the Declaration of

Helsinki. This study was registered at ClinicalTrials.gov (NCT03418376) at initial release.

Assessed for eligibility
(n = 66; MS, n = 33; HC, n=33)

Reasons for exclusion
¢ (MS, n =10; HC, n =11)
- declined to participate
- no social support

l Included (n = 45) ‘

| '

Baseline measurements
Randomization (BA or PL)

- Y

MSga(n = 12) MSe. (n =11) HCsa (n=11) HCp (n=11)

| | | .

[ Intervention (24 weeks) ‘

Figure 1. Flowchart of participants’ inclusion

Sixty-six persons met the eligibility criteria of which 45 persons (HC: n = 22, MS: n = 23) were included and randomized over
four groups. Abbreviations: BA, B-alanine; HC, Healthy Controls; MS, Multiple Sclerosis; MSK, Musculoskeletal; PL, Placebo.
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3.2. Study design

The current feasibility study was conducted between March 2017 and September 2017,
whereas patient recruitment started February 2016. All measurements took place at the
Rehabilitation Research Centre of Hasselt University (REVAL) in Diepenbeek, Belgium. Medical
safety was evaluated by a trained professional before any other measurement took place.
Exercise capacity and body composition were measured two weeks before start of the
intervention (w0) and one week after completion (w26), as represented in Figure 2. After
baseline measurements, PwMS and HC were allocated to either B-alanine (BA) or Placebo (PL)
supplementation using randomization software. Four groups were formed (cfr. Figure 1):
PwMS and BA (MSga, n = 12), PWMS and PL (MSp, n = 11), HC and BA (HCga, n = 11) and HC
and PL (HCp, n=11). Subjects and affect-assessors were blinded to supplementation protocol.
The intervention consisted of 24 weeks home-based training (identical for all groups) and
supplementation of either BA or PL. Personalized training schedules were sent by mail and
adherence to it was monitored using smartwatches and an online registration system
(flow.polar.com). Smartwatches (Polar M200) were distributed during an information session
at baseline. After baseline measures, one habituation week (w1) was organized to prevent

technical issues during the intervention.

Week 0 (w0): Week 1 (wl): Week 2 - week 25 (w2 — w25): Week 26 (w26):
pre-intervention Habituation week Intervention period Post-intervention
measurements measurements

Medical safety +

DEXA + CPET + PA registration Tralnln_g and suppl_emen_tatlon
Random allocation period + PA registration

to supplementation

DEXA + CPET

Figure 2. Study design overview

The study was divided into four stages: pre-intervention measurements (w0), one habituation week (w1), an intervention
period (w2-w25) and post-intervention measurements (w26). Abbreviations: CPET, Cardiopulmonary Exercise Test; DEXA,
Dual-Energy X-ray Absorptiometry; PA, Physical Activity.
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3.3. Outcome measures

3.3.1. Exercise capacity

Exercise capacity was evaluated by a cardiopulmonary exercise test (CPET), using a Cyclus2
ergometer (RBM elektronik-automation GmbH, Leipzig, Germany) with pulmonary gas
exchange analysis (Metalyzer II® 3B Cortex, Leipzig, Germany). Patients used their own bicycle
during the graded exercise test (GXT) and pedaled until volitional exhaustion or failure to
maintain a cadence above 60 repetitions per minute (RPM). Initial workload and load
progression varied across men and women (30W +15W/min and 20W +10W/min
respectively)3®. Heart rate (HR) was monitored every minute. Oxygen uptake (VO2) and
respiratory exchange ratio (RER) were collected breath-by-breath and averaged every ten
seconds. Blood lactate concentrations (La) were evaluated every two minutes from a capillary
blood sample of the right earlobe with an Accutrend® Plus system (F. Hoffmann-La Roche Ltd,
Basel, Switzerland). This was done in order to verify volitional exhaustion (La > 8 mmol/I
blood), together with following criteria: RER > 1.1 and VO2 and HR plateau with increasing
workload®”. Time-to-exhaustion (TTE; min), maximal heart rate (HRmax; bpm), HR after two
minutes of recovery (HRrecov; bpm) maximal oxygen uptake (VOamax; ml/kg/min) and
maximal workload (Wmax; W) were reported. Total work done (TWD = TTE * average
workload /1000; kJ)*%, and heart rate recovery (HRR = HRmax — HRrecov; bpm)3 were

calculated afterwards.

3.3.2. Body composition

A Dual-Energy X-ray Absorptiometry (DEXA) scan (Hologic Series Delphi-A Fan Beam X-ray
Bone Densitometer, Vilvoorde, Belgium) was used to evaluate whole body (with exclusion of
the head) fat mass (FM; kg), lean mass (LM; kg) and fat percentage (FAT%; %). Subjects were

assessed in a rested state to maximize precision®.

3.3.3. Physical activity (PA)

Throughout the 24-week training program participants continuously wore a Polar M200
during daytime. Data (amount of training sessions, duration, average HR and HR pattern) was
visible for participants and effect-assessors at ‘https://flow.polar.com’, where adherence
(number of executed training sessions and number of HR peaks with >90% of HRmax) was

checked.

13



3.4. Intervention

3.4.1. Supplementation

Participants were supplemented for 24 consecutive weeks. The first 12 weeks (loading phase,
w2-13) subjects received a daily dose of 3.2 g (4x800 mg) BA (B-alanine; B-Alanine, Cellulose,
HPMC, Magnesium Stearaat, Silicium dioxide, Zinc bisglycinate; Aminolabs® Hasselt, Belgium)
and 1.6 g/day (2x800 mg) for the following 12 weeks (maintenance phase, w14-25) or an
equivalent amount of PL (Maltodextrin; Cellulose, Glycine, HPMC, Magnesium Stearaat,
Silicium dioxide Aminolabs® Hasselt, Belgium). Doses did not exceed 800 mg and were
sustained-release tablets to prevent paresthesia®l. Tablets were ingested at approximately 9
am, 12 am, 3 pm and 6 pm (loading phase) and 9 am and 6 pm (maintenance phase), which is
based on a supplementation protocol already reported to effectively elevate muscle carnosine
content (MCC) in healthy subjects®> 42, Supplements and placebo tablets were provided in

identical white tubes and were identical in colour and taste.

3.4.2. Training program

Individualized training schedules were provided every 3-week cycle by mail and were executed
outdoor (own bicycle) or indoor (bike rollers or spinning bike). The smartwatches enabled
subjects to train at the prescribed exercise intensities (% HRmax). Activity was continuously
monitored at ‘https://flow.polar.com’ in order to provide participants with feedback when
deviations from the training protocol were detected. Subjects were instructed to limit their
sport activities to the prescribed training protocol and advised to train on specific days.
However, deviation was allowed, as long as weekly volumes were reached, sequence of
training sessions was preserved and sessions were separated by a 24h period. Duration and
intensity gradually increased over time. The 24-week home-based training program consisted
of a 3-week training cycle (meso-cycle) which was repeated eight times. One meso-cycle
comprised three micro-cycles, of one week each, with the following sequence: high-volume
endurance training (week 1), high-intensity interval training (HIIT, week Il) and a recovery week
(week 111). Schematic illustration of the training protocol is presented in Figure 3. In the high-
volume endurance and HIIT micro-cycle, three training sessions / week were performed. Two
sessions in the high-volume endurance week consisted of a moderate intensity and longer
duration (2-3hours, 60-80%HRmax) and one session of a higher intensity and shorter duration

(1-1.5h, 75-90%). During HIIT sessions, 3 exercise bouts of 60-90seconds (100%HRmax) were
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alternated with recuperation bouts of 2-3minutes (low intensity). The recuperation week
consisted of one HIIT session (100%HRmax, 3 exercise bouts of 70-90seconds each, 3 minutes
recuperation bouts) and one, optional endurance training (2-3h, 70-90% HRmax). Before and
after each training session a standardized warming-up (10min, 50-70%HRmax) and cooling-

down (10min, 60-80%HRmax) was performed.

[ Macro-cycle (24 weeks) ]

Meso- Meso- Meso- Meso- Meso-
cycle 4 cycle 5 cycle 6 cycle 7 cycle 8

[ Meso-cycle (3 weeks) ]

[ Week 1: Volume Week ] [ Week 2: HIT Week ] [ Week 3: Recovery Week ]

[Training 1: HI Interval Training J

[ Training 2: Hi Interval Training }

{Training 3: Hl Interval Training J

[Training 1: HI Interval Training J

[ Training 2: Volume Training }
{Training 3: Volume Training }
[ Training 2: Optional Training }

[Training 1: Volume Training J

Figure 3. Training protocol

The intervention period (macro-cycle: 24 weeks) consisted of a 3-week training cycle (meso-cycle) which was repeated eight
times. One meso-cycle comprised three micro-cycles of one week each: a high-volume endurance training (week 1), a high-
intensity interval training (week 1) and a recovery week (week Ill). Abbreviations: Hi, High-Intensity; HIIT High-Intensity
Interval Training.

3.5. Statistical analysis

All data were analysed using SPSS v. 22.0 (IBM). When assumptions for normality and
homoscedasticity were confirmed (Shapiro-Wilk test and Brown-Forsythe test, respectively)
for all variables (load, VO2max, TTE, TWD, HRR, FM, LM and FAT%), one-way analysis of variance
(ANOVA) was used to compare groups at baseline and to analyse training data. Differences
between groups (MSga, MSp, HCga and HCp ) were analysed using mixed model repeated
measures ANOVA (within subject variable: time [pre — post intervention], between-subject
variables: group [MS — HC] and intervention [BA — PL]). When significant interactions were

found, difference scores between groups were analysed post-hoc using unpaired t-tests.
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Differences within groups (post minus pre-intervention) were analysed using paired student’s
t-tests. All data are calculated as means * standard deviation (SD) and represented as
percentages. Differences were considered significant when p < 0.05 (2-tailed). Multiple
comparison was corrected by means of Bonferroni correction (threshold for statistical

significance: p < 0.05/6). Intention-to-treat analysis was applied.
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4, Results

4.1. Subject characteristics

Gender (p = 0.443), age (p = 0.833), weight (p = 0.484), height (p = 0.245) and BMI (p = 0.551)

did not differ between groups. EDSS scores were similar between MS groups (MSgavs MSp(, p

=0.104). Subject characteristics are presented in Table 1.

Table 1
Subject characteristics
MSga MSepL HCsa HCpL Total group P-
(n=11) (n=7) (n=8) (n=10) (n=36) value
EDSS 1.44 +1.10 2.42 +0.97 / / 1.83+1.13 0.104
Gender (m/f) 7/4 4/3 7/1 5/5 23/13 /
Age (y) 41.73 £10.02 40.71 £7.39 44.00 £13.00 39.50£11.38 41.44 £10.39 0.833
Weight (kg) 76.22 +12.66 73.37 £10.89 78.87 £12.59 70.91 +8.58 7478 +11.22  0.484
Height (cm) 172.28 £9.39 176.317.76 177.19 £6.43 170.88 +5.54 173.77 £7.66 0.245
BMI (kg/cm?) 25.78 +4.28 23.60+2.98 25.00 +2.83 24.28 +2.61 24.77 +3.28 0.551

Data are expressed as means +SD and represent subject characteristics. No between-groups differences were found for
EDSS, gender, age, weight, height and BMI. Abbreviations: BA, B-alanine; BMI, Body Mass Index.; EDSS, Expanded Disability
Status Scale; f, female; HC, Healthy Controls; m, male; MS, Multiple Sclerosis; PL, Placebo.

4.2. Adherence and adverse events

A drop-out of nine subjects was documented during the course of the study (cfr. Figure 4) due
to MS-exacerbations (n: 1), non-exercise related musculoskeletal (MSK) injuries (n: 3),
motivation (n: 2) and personal reasons (n: 3). Training adherence was 92% in PWMS, whereas
HC completed 86% of the prescribed training sessions. Missed training sessions were due to
MS-related exacerbations, holiday, MSK injuries (not related to the exercise program) and

personal reasons. No adverse events were reported during the study.

Generally, 34.33% +25.38 of all high-intensity (HI) bouts (training intensity > 90% of HRmax)
were reached. No significant difference was found between groups for anaerobic training
accomplishment (MSga: 25.76% +26.66, MSp.: 40.41% +19.47, HCga: 38.88% +25.13, HCpy:
38.40% +28.01, p = 0.63).
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MSsa(n = 12) MSeL (n=11) HCsa (n=11) HCp (n=11)

| | ' .

[ Intervention (24 weeks) ‘

Reasons for drop-out
i i L l (MSgs, n =1, MSp, n=4; HCpa, n = 3;
HCp, n=1)
Clinical analysis (post-intervention) - MS-exacerbations (1)
- MSK injury (3)
- Motivation (2)
¢ l L l - Personal reasons (3)
MSea (n=11) MSee (n=7) HCea (n=8) HCp (n = 10)

Figure 4. Flowchart of participants’ completion

Thirty-six participants completed the intervention (24 weeks). Reasons for drop-out are mentioned (PwMS: 6, HC: 3): MS-
exacerbations, MSK-injury, motivation and personal reasons. Abbreviations: BA, B-alanine; HC, Healthy Controls; MS, Multiple
Sclerosis; MSK, Musculoskeletal; PL, Placebo.

4.3. Outcome measures and baseline measurements

Primary and secondary outcome measures for all groups at baseline (PRE) and after 24 weeks
of training (POST) are presented in Table 2 and Figure 5-6. Groups were comparable at

baseline for exercise capacity (p-values between 0.119 and 0.932) and body composition (p-

values between 0.405 and 0.975).

4.3.1. Exercise capacity

Main time effects were found for workload (+10.95%, p = 0.000), VO2max (+6.17%, p = 0.001),
TTE (+12.42%, p = 0.000) and TWD (+22.49%, p = 0.000). Significant within-group differences
were found for workload (+8.77%; +14.47%; +13.15%; +9.00%, p < 0.004), TTE (+12.46%;
+14.26%; +13.43%; +10.55%, p < 0.006) and TWD (+19.13%; +25.87%; +29.39%; +18.11%, p <
0.006) in all four groups (MSga, MSp, HCga and HCp( respectively), for VOamax in MSpi (+9.29%,
p = 0.010) and HCga (+11.42%, p = 0.022) and for HRR in MSga (-13.76%, p = 0.015). No main

group, intervention nor interaction effects were found (p > 0.05).

4.3.2. Body composition
Main time effects were found for fat mass (-6.05%, p = 0.009) and fat percentage (-4.04%, p =
0.015). Within-group changes were not significant. No main group, intervention nor

interaction were found.
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Table 2
Primary and secondary outcome measures for all groups at baseline and after 24 weeks home-based exercise in combination with supplementation of either
B-alanine or placebo.

MSga (n = 11) MSepL(n=7) HCga(n =8) HCpL(n = 10)

PRE

POST

PRE

POST

PRE

POST

PRE

POST

Load (watt) ¢
VOZmax

(ml*kg**min?) ¢

TTE (min; abs) ©
TWD (kJ)©

HRR (bpm)

FM (kg) ©

LM (kg)

FAT% (%) °

217.73 #45.13

40.36 £6.52

15.49 +£2.75

113.00 £35.82

48.18 £10.43

16.82 £9.67

51.44 +7.05

23.60 +£10.59

236.82 +46.65°
41.45 +7.87
17.42 +3.90°

134.62 +45.80°

41.55 +10.94°
16.41 £10.17
50.45 +7.58

23.50 £11.57

222.14 +46.45

41.57 £7.30

15.36 £1.97

116.01 £33.90

58.71 £5.16

16.18 £6.31

50.54 +8.45

24.04 £8.57

254.29 +47.38°
45.43 £5.16°
17.55 +2.49°

146.12 +41.30°
52.29 +10.77
14.55 +5.57
50.67 +8.93

22.31+7.98

251.88 +47.35

42.75 +£6.54

16.38 £2.15

138.13 £40.65

49.88 +11.64

15.35 +£5.27

56.79 +£8.22

20.95 +4.75

285.00 +£58.92°
47.63 +7.91°
18.58 +2.60°

178.73 +61.48°
46.75 +15.14
14.07 £5.49
56.72 +7.86

19.6 £5.85

239.00 £59.15

43.40 £8.59

17.94 £2.86

142.75 +46.09

49.01 £9.83

16.50 £5.24

50.31 £10.81

25.06 £8.72

260.50 +52.09°
44.90 +6.77
19.83 +2.51°

168.60 +41.52°
49.10+12.44
15.57 +5.58
50.21 +10.55

24.08 £9.28

Data are expressed as means +SD and represent primary and secondary outcome measures pre- and post-intervention. ¢ Main time effects were found for load, VOamax, TTE and TWD.
b Significant within-group differences were found for load, TTE and TWD in all four groups, for VOamax in MSp. and HCga and for HRR in MSga. 2 No between-groups differences were found.
Abbreviations: BA, B-alanine; bpm, beats per minute; FAT%, Fat percentage; FM, Fat Mass; HC, Healthy Controls; HRR, Heart Rate Recovery; kJ, Kilojoule; LM, Lean Mass; MS, Multiple Sclerosis;
PL, Placebo; TTE, time-to-exhaustion; TWD, Total Work Done; VO2amax, maximal oxygen uptake.

21 < 0.05 between groups, ® p < 0.05 within groups, ¢ p < 0.05 within whole group ( = main time effect).
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Figure 5. Graphic illustration of outcome measures (A) Maximal cycling resistance (B) Maximal oxygen uptake (C) Time-to-exhaustion and (D) Total work done, for all four
groups, at baseline (pre-intervention) and after 24 weeks home-based exercise in combination with supplementation of either B-alanine or placebo (post-intervention).
Means + SD are represented. Significant within-group changes and corresponding p-values are indicated. Significant within—groups differences were found for workload, TTE and TWD in all
four groups and for VOzmaxin MSp. and HCp. Abbreviations: BA, B-alanine; HC, Healthy Controls; kJ, Kilojoule; MS, Multiple Sclerosis; PL, Placebo; TTE, time-to-exhaustion; TWD, Total Work

Done; VOamax, maximal oxygen uptake; W, Watt.
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Figure 6. Graphic illustration of outcome measures (A) Heart Rate Recovery (B) Fat Mass (C) Lean Mass and (D) Fat percentage for all four groups, at baseline (pre-intervention)
and after 24 weeks home-based exercise in combination with supplementation of either B-alanine or placebo (post-intervention).

Means * SD are represented. Significant within-group changes and corresponding p-values are indicated. No significant within—groups differences were found for FM, FAT% and LM workload,
whereas HRR significantly changed in MSga. Abbreviations: BA, B-alanine; bpm, beats per minute; FAT%, Fat percentage; FM, Fat Mass; HC, Healthy Controls; HRR, Heart Rate Recovery; LM,
Lean Mass; MS, Multiple Sclerosis; PL, Placebo.
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5. Discussion

The present study is the first to investigate the impact of home-based, HIIT-oriented
rehabilitation in PwMS. Twenty-four weeks of training induced significant improvements in
exercise capacity and body composition in all participants. The addition of BA-

supplementation did not induce superior effects.

Interval training has already been shown to be safe, well-tolerated and to provide superior
outcomes compared to continuous training in PwMS36. The present study explored several
exercise therapy strategies in an attempt to improve HIIT-related feasibility and long-term

exercise adherence.

First, periodization principles were applied to comply with HIIT requirements and on the same
time, facilitate feasibility by alternating HIIT blocks with volume training sessions and
recuperation weeks. In sports communities, this training principle is already known to induce
superior effects compared to traditional training organization?%?® as currently used in
rehabilitation settings. Ronnestad et al. (2014)?3 showed that VOamax (+4.6 £3.7% ml/kg/min)
and peak power output (+2.1 +2.8% watt) significantly improved in trained cyclists after just
four weeks of periodized training, while no changes occurred in the continuous progressive
exercise group despite similar training volume and intensity?3. The present study was, to our
knowledge, the first to explore these training principles in PwMS. Here, periodization
principles induced significant improvements in workload, VOamax, TTE, TWD and body
composition (FM and FAT%) in all participants. Moreover, the applied training regimen
appeared to elicit similar effects on these parameters in PwMS compared to HC. Furthermore,
measures of workload in the current study (+11.01%) seem to confirm the ability of periodized
training to provide more optimal stimuli and adaptations!® 2% 43 in MS compared to traditional
training focusing on one or more abilities simultaneously (12 weeks pure HIIT: +7.41%; low
intense continuous training: +6.42%; Hl and continuous modalities simultaneously: -0.98%) as
reported in Collet et al. (2011)'®. However, more standardized research regarding

periodization principles in MS rehabilitation is warranted.

In the present study, heart rate recovery (HRR) and lean mass (LM) were the only outcome
measures with no improvements over time. HRR was obtained by subtracting HR measured
after exercise cessation from HR max3°. This is reported to be an important predictor of

physical fitness3® ** and more importantly, of changes in fitness level after the execution of an
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exercise program®. Based on its definition and previous findings in literature®, decreased
resting heart rates and thus elevated HRR values are to be expected post-intervention.
However, HRR changes in the present study were not significant over time. Moreover, HRR
values seemed to decrease after 24 weeks of training. This might be due to the implemented
time interval to measure HR after exercise cessation in the present study. In most studies one
minute or shorter time intervals are used3® 46, whereas HR was measured after two minutes
of recovery in the current study. Previous research already reported this method to lack
sensitivity for detection of changes in physical fitness3°. Furthermore, a reduction in muscle
mass (LM) following 24 weeks of training, though not significant, might seem controversial.
However, no addition of resistance training and acidic responses from HIIT, which may have
induced protein synthesis inhibition and degradation®’, could explain the current findings.
Furthermore, volume training sessions were of such duration (up to 3h) that without

concurrent dietary modification (i.e. addition of proteins), muscle degradation might occur®,

Taking the above line of reasoning into account, the use of periodization principles in the
current training protocol improved exercise capacity in all participants, even though initial
training levels were already relatively high (VO2max MS: 40.83+6.64ml/kg/min; HC: 43.11+7.54
ml/kg/min) and PwMS were only minimally disabled (mean EDSS: 1.83 +1.13). Future research
should include more disabled PwMS, as training gains of even greater magnitudes may occur
based on current findings. Moreover, Figure 5 and 6 show PwMS to achieve similar fitness
levels post-intervention as pre-intervention levels of HC. This could imply that 24 weeks of
periodized training were able to eliminate existing differences in exercise capacity between

mildly disabled PwMS and HC.

Furthermore, HIIT sessions and recuperation weeks significantly reduced total training
duration compared to classic training protocols*®, which might beneficially influence
participation of PwWMS in physical activity since lack of time is experienced as important
barrier? 26, Moreover, it appears that alternation of different training modalities made
execution of the current training protocol more comfortable and enjoyable, as evident from
personal communication with participating subjects. High adherence percentages (86-92%)
compared to rather low adherence in previous Hl training programs (53-72%, 2 sessions/week,

12weeks)'®, reinforce this finding. It is however difficult to make straightforward
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recommendations about feasibility of the currently used periodization principles, as no

standardized inventories were administered.

A second strategy we explored was supplementation of BA, for the first time in PWMS, in an
attempt to enhance training efficiency during and overall perceived exertion after HIIT 33,34,
This may be induced through the intramuscular buffering effect on exercise-induced
acidosis®%' %, and thus reduce subjective fatigue perceptions and enhance exercise feasibility.
However, under the conditions of the present study, BA did not improve outcome measures
of exercise capacity. This is however surprising based on previously described BA-induced
training gains in sedentary3® >%' 52 and athletic populations®® 3% >3, Possible explanations for
this discordance are low power due to small sample sizes and the inclusion of other than
purely HI modalities. However, the aim of the present study was to design a HIIT-oriented
training protocol, feasible for PwWMS to execute regularly on longer term. For this reason,
volume training sessions and recuperation weeks were implemented. As previously described,
BA is reported to exert ergogenic effects in exercise types lasting 60-240s?% 30, and not in
exercise durations of >240s?°. Therefore, total amount of HIIT sessions might have been too
limited in the present training study. Furthermore, performance effects of BA were found to
be of modest benefit in a recent relative effects analysis but could be meaningful in
competitive athletics according to the authors®*. Taking this into account and knowing most
participants did not train on a regular base before start of the intervention, it is possible that
adaptation from the training intervention was more influential than the augmentation of MCC
and as such, training adaptations dominated supplementation effects>3. Additionally, a large
room for improvement in all subjects might have covered (additional) effects of BA
supplementation®3. No conclusions can be drawn about BA-induced effects on feasibility as no

ratings of perceived exertion (RPE) were assessed.

Furthermore, considering the previously described MCC reductions in MS> and the reported
positive correlation between MCC loading and training gains®?, these results are surprising.
However, MCC loading was not measured in the current study and EDSS-scores of
participating PwWMS (avg. 1.83 +1.13) were lower compared to EDSS-scores of MS patients with
significant MCC reductions (avg. 3.1 +1.5). Additionally, main reasons for reductions in MCC
are sedentarism and progressive denervation®® >’, This might be less applicable for the current

PwWMS since baseline measurements show them to be minimally disabled and relatively fit.
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Consequently, carnosine levels did probably not significantly differ between MS and HC at
baseline. Furthermore, no conclusions can be drawn for compliance with the supplementation
protocol as subjects were not instructed to record supplementation logs. Future research
should include larger sample sizes, more disabled PwWMS, measurements of MCC and assess

compliance with the supplementation protocol.

Third, although exercise programs have proven to be efficient to improve functional
parameters and QoL in MS, only 43 percent of PWMS is reported to participate in exercise
programs?®. Lack of time, distance, transportation, specialist availability and insurance
coverage appear to be important barriers?> 26, some of which could, according to the authors,
be overcome with home-based rehabilitation. Indeed, the current home-based intervention,
which was less time-consuming and did not require transportation to exercise facilities,
induced significant improvements in exercise capacity and body composition. Moreover,
adherence percentages of the current study seem to support this hypothesis. Training
adherence was even 25-30% higher compared to other home-based exercise programs in
MS°8 59, This is probably due to the implementation of internet-based supervision and
feedback®. In contrast to the above, accomplishment of anaerobic intensities (i.e.
achievement of training intensities 290% of HRmax) may seem rather low. However, this was
probably due to the underestimation of HR during high intense bouts by the currently used
device (wrist HR monitor)®! or rather low warming-up intensities. The gap between HR at 50-
70% of HRmax during warming-up and HR during first HI bouts might be too large to reach
anaerobic training zones. However, subjects were instructed to perform ‘all-out efforts’, which
guarantees adequate high intensities were reached in the present training program.
Nevertheless, future research should implement chest strap monitors instead of wrist sensors
in the context of HI exercise®! and increase intensity of warming-up sessions to at least 80%

of HRmax in order to obtain more accurate percentages of HlIT-related feasibility.
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6. Recommendations for future research

High to excellent adherence percentages with the current training protocol might bridge the
gap between compliance in laboratory compared to real-life settings'®, though more
standardized future research is warranted. Hence, following recommendations should be

taken into account.

Changes in medication use should be administered. Although subjects were asked to maintain
their usual medication constant during the study course, this was not verified post-
intervention. Consequently, observed ‘training gains’ might have originated from possible
optimizations of medication use. Furthermore, dietary habits should be
analyzed/standardized, since this might have an important impact on carnosine loading®, but
can be equally important for interpretation of changes in body composition (~lean mass).
Further, measurements of perceived feasibility should be standardized (i.e. RPE assessments
and questionnaires). Moreover, impact of training on daily activity levels could be explored,
by comparing activity levels on training days with those on non-training days. This is possible
with activity trackers, nowadays often incorporated into HR monitors. Ideally, participating
subjects would have been using activity trackers before start of the intervention, which allows
comparison between activity levels pre- and post-intervention. Future research should
qguantify carnosine loading and compliance rate with the supplementation protocol. Finally,
larger and more controlled sample sizes are warranted as current findings lack external
validity, due to the inclusion of minimally disabled PwMS and the non-representative female-

male participant ratio®.
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7. Conclusion

Twenty-four weeks of periodized, home-based training induced significant training gains in
PwMS and HC, seemed feasible and provided good adherence. Supplementation of BA did
not have additional effects. Further, larger and more controlled research in more disabled

PwMS is however warranted to support these findings.
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8. List with abbreviations

ANOVA: Analysis of variance

BA: B-alanine

BMI: Body Mass Index

CPET: Cardiopulmonary Exercise Test
DEXA: Dual-Energy X-ray Absorptiometry
EAE: Experimental Autoimmune Encephalomyelitis
FAT%: Fat Percentage

FM: Fat Mass

EDSS: Expanded Disease Severity Scale
GXT: Graded Exercise Test

HC: Healthy Controls

HI: High-Intensity

HIIT: High-Intensity Interval Training

HR: Heart Rate

HRmax: Maximal Heart Rate

HRrecov: HR after two minutes of recovery
HRR: Heart Rate Recovery (= HRmax — HRrecov)
MCC: Muscle Carnosine Content

MS: Multiple Sclerosis

MSK: Musculoskeletal

La: Blood Lactate

LM: Lean Mass

PA: Physical Activity

PRE: Pre-intervention

31

POST: Post-intervention

PL: Placebo

PwMS: Persons with MS

QoL: Quality of Life

RPE: Ratings of Perceived Exertion
RPM: Repetition Per Minute
REVAL: Rehabilitation Research Centre
RER: Respiratory Exchange Ratio
SD: Standard Deviation

TTE: Time-To-Exhaustion

TWD: Total Work Done

VO,: Oxygen Uptake

VO2max: Maximal Oxygen Uptake

Wmax: Maximal Workload
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