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Research context 

Social relevance for research 

According to the World Health Organisation (WHO) the global incidence for Multiple 

Sclerosis (MS) is 30 per 100.000, with the highest incidence in Europe (80 per 100.000). The 

WHO states that MS is one of the most common neurological disorders causing disability in 

young adults (4). Interventions and treatment described by the WHO for MS include drug 

treatment, disease-modifying treatment and alternative or complementary approaches. 

Although the WHO does not describe exercise therapy in particular, existing scientific 

research suggests that exercise therapy in MS can be considered safe and effective. 

Moreover, it is said to improve overall fitness (1; 2; 3). 

Therefore, proper research regarding rehabilitation programs and the improvement of these 

programs for PwMS might possibly, but not only, improve their quality of life (QoL), activities 

of daily living (ADL) and overall functioning. Moreover, sufficient research might in the 

future lead to a revision of the current WHO recommendations regarding exercise therapy in 

PwMS.  

 

Student Contribution 

Research design & methods 

The exact design of the study was already determined, as we took part in an ongoing 

research project. However, we had to think about and create our own design in the first part 

of the thesis. Although this was not used in the current study, our design showed similarities 

in terms of inclusion/exclusion and measurements (for ex ample the protocol of the maximal 

exercise capacity test). 

Recruitment and Data-acquisition 

Although the research project was ongoing, we helped recruiting participants and acquiring 

data. We did not perform any data measurements ourselves. However, we did attend some 

of these measurements,  registered their results and supervised some patient training 

sessions. 
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Data Analysis  

Analysis of data was performed by ourselves. When any problems were experienced, we 

asked our co-supervisor for advice. However, determining which kind of statistical analysis 

we needed to use and execution of those tests was done independently. 

Writing Process 

The writing of this thesis was performed independent from the co-supervisor. However, he 

did control the writing several times and indicated where adjustments were needed. 
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1. Abstract 

Background: In people with Multiple Sclerosis (PwMS), exercise is proven to improve various 

functional parameters. In particular, HIIT is reported to induce superior results in PwMS. 

However, long-term adherence to HIIT seems rather difficult. Therefore, training 

periodization could be valuable to optimize rehabilitation in MS. This study reports 

preliminary results of an ongoing research project. 

Objectives: To investigate effects of applying periodization principles in the rehabilitation of 

PwMS in terms of body composition and exercise capacity, compared to classic linear 

training. 

Participants: 14 PwMS (ten women, four men) participated in this study. They were 

randomly assigned to a 12-week periodization exercise group (‘PER’; n=7) or a 12-week 

classic linear exercise group (‘CLA’ ; n=7). 

Measurements: Exercise capacity (cardiopulmonary exercise test) and body composition 

(Dexa) of both groups were assessed at baseline. After completion of the 12-week training 

program, baseline measurements were reassessed. To compare total exercise commitment 

and efficiency between training interventions, peak-effort training hours were calculated. 

Results: No statistical differences were found for body composition within the PER group 

(p>0.05). In CLA, total lean mass significantly increased (+0.4%; p=0.043), whilst total fat 

mass (-14.31%; p=0.043) significantly decreased. No statistical between-group differences 

were found, except for weight (PER +4.88%; CLA -5.42%, delta p=0.030). In terms of exercise 

capacity, PER showed a significant improvement in maximal workload (+16.92%; p=0.027) 

and VO2max (+13.09%, p=0.027). In CLA, a significant increase in maximal workload was 

found (+14.14%; p=0.026). No significant between group differences for exercise capacity 

were found. Additionally a difference of  696 peak-effort training hours (55%; PER= 564 

hours; CLA=1260 hours) was observed. 

Conclusion: Under the present study conditions, 12 weeks of periodized training tended to 

be at least as effective as classic linear training in PwMS in terms of exercise capacity and 

body composition. However, PER required reduced time commitment. 
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2. Introduction 

Multiple Sclerosis (MS) is a progressive demyelinating disease of the central nervous system, 

which is mainly diagnosed in women between the age of thirty and fifty, and affects 

approximately 13.500 persons in Belgium (12). 

MS is characterized by a variety of symptoms such as mild to severe motor dysfunctions 

(including muscle weakness, tremor, spasticity and paralysis), along with impairment of 

vision, sensory deficits and other clinical manifestations (1; 4; 10; 11). These primary symptoms 

occur mainly because of neurodegeneration and axonal demyelination (4). As a result of 

these symptoms, patients with MS (PwMS) exhibit secondary symptoms, such as decreased 

aerobic capacity and muscle weakness/atrophy, which have a great influence on the 

Activities of Daily Living (ADL). Therefore, these patients are in need of strategies to 

minimize the negative effects of MS. One of these strategies is exercise therapy, which 

improves physical fitness, muscle strength, fatigue and mobility (9; 10) in this population. 

Exercise therapy  in MS is feasible, well-tolerated and may include endurance training, 

strength training, or both (2; 4). 

 

Aerobic endurance training (2–5x/week, 60%–80% HRmax, 10–40 min) in this population is 

reported to be safe and beneficial for cardiovascular fitness, mood and quality of life (QoL) 

(1; 4) and may include walking, cycling, jogging or rowing. Moreover, resistance training (2-

3x/week, 8-15 1RM, 60-80% 1RM) is reported to improve muscle function and fatigue (4). 

However, recent research (8; 9; 16) suggests that high-intensity interval training (HIIT) might 

lead to superior results. In these studies, HIIT is reported to be safe and  seems to be an 

efficient strategy to improve physical fitness (e.g. exercise capacity) in PwMS.  

HIIT is defined as a cardiovascular exercise strategy with alternating short periods of intense 

anaerobic exercise interspersed by (less-intense) recovery periods. Generally, the short 

bursts of intense exercise (85%–100% HRmax)  last between 1 and 4 minutes, with similar 

time of work and recovery (2; 3).  

To this day, the majority of rehabilitation programs consists of continuous moderate 

intensity exercise (2) with a linear progression of intensity, duration and frequency (volume) 

throughout the entire program. However, this approach may lead to suboptimal training 

outcomes (6). 
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In athletes, training principles, such as periodization of training, are often successfully 

applied to optimize outcome and training adaptations. Periodization of training can be 

described as variations in modalities such as intensity, duration and frequency to optimize 

training results while preventing overtraining (13; 14). This is in contrast to classical linear 

rehabilitation programs, where these modalities tend to increase linearly.  

Periodized training programs incorporate different types of training sessions, such as 

continuous moderate intensity endurance training (40-85% HR, 30-60 minutes) (2; 4) , HIIT 

(±20 min with alternating 4 to 6 cycles of 80-95%HRmax and recovery) (2) or recovery 

sessions/periods (<30min, <60%HR). Throughout the total program duration, the different 

modalities vary in cycles, or can be individually tailored around a certain event (e.g. 

competition, relapse). 

 

In this regard, a recent study explored the application of periodization principles in the 

rehabilitation of PwMS for the first time (9). Here, promising results in terms of exercise 

capacity ( VO2max +5%; workload +11%; time until exhaustion +14%) were observed. 

However, this study used a home-based training protocol (6 months of training; 8 recurrent 

3-week cycles; 3x/week; intensity 60-100% HRmax) and thus needs confirmation in a 

controlled setting. Furthermore, the potential of such a periodized exercise intervention 

should be compared to a more conventional, classic exercise intervention. 

 

Therefore, the aim of this study is to investigate the effects of a periodized exercise 

intervention in the rehabilitation of PwMS compared to a conventional linear (progressive) 

exercise program.  
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3. Methods 

3.1 Subjects 

This paper shows preliminary results of an ongoing study, which, to date, included a total of 

fourteen PwMS. Recruitment of participants was performed by local advertisements and 

followed by a written informed consent. The following exclusion criteria were used: 

Expanded Disability Status Scale (EDSS) score of six and higher and the presence of other 

chronic diseases. Data collection was performed at Rehabilitation Research Centre of Hasselt 

University (REVAL). Approval for the study was obtained from the Medical Ethics Committee 

of the Jessa Hospital in Hasselt (16.111/REVA16.14). 

 

3.2 Study procedure 

Design 

At baseline, body composition (DEXA scan) was assessed  and a maximal graded exercise test 

(exercise capacity) was conducted. Participants were allocated at random (stratified for 

VO2max, < or > 30 ml/min/kg), using a randomization tool, to either a twelve week HIIT-

oriented periodized training intervention group (PER) or a classic linear program control 

group (CLA). Each training session was supervised by a physiotherapist, who continuously 

monitored heart rate of the participant using a Polar (Polar Team®) linked to a tablet. After 

completion of the 12-week training program, baseline measurements were reassessed. To 

compare total exercise commitment and efficiency between training interventions, peak-

effort training hours were calculated using a previously published formula by Hansen et al 

2018 (5): (number of prescribed weeks) * (number of prescribed sessions/week) * 

(prescribed individual sessions duration; min) * (prescribed exercise intensity; %HRpeak).  All 

measurements were performed by blinded assessors. An overview of the design can be 

found in figure 3. 

 

Classic Linear Control Program 

Classic linear training (CLA) consisted of 12 weeks of light-to-moderate intensity, high-

volume training on a stationary bicycle. Each week consisted of three 60-minute training 

sessions. Every session included a five-minute warm-up, 50 minutes of training and a five-

minute cool-down. During the first three weeks, training intensity was set at 60-70% of 
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maximal heart rate (HRmax). In weeks four to twelve, progress was made to an intensity of 

70-80% HRmax. An overview of this program can be found in Figure 1. At the end of each 

session, mean heart rate (bpm), mean workload (watt) and perceived rate of exertion (BORG 

scale 6-20) were registered. 

 

Figure 1 

Classic program 

 

Periodized Intervention Program 

The periodized intervention program (PER) consisted of four repeating cycles of three weeks 

of training. The first week of the three-week cycle included three sessions of low intensity 

volume training as described in the classic control program.  

In week two, three HIIT training sessions had to be completed. These sessions included a 

three-minute warm up, three 20-second all-out sprints interspersed with two minutes of 

recovery (very low intensity cycling), and a two-minute cool-down. During these sessions, 

peak heart rate (bpm) and peak workload (Watt) were registered after each sprint. At the 

end of every session, rating of perceived exertion (BORG) was registered.  

Week three involved a recovery week. During this week, only one HIIT session, as described 

above, was performed. An overview of this program can be found in the figure below (figure 

2). 

 

 

 

 

Training 1:  

5’ warm-up 

50’ 60-
70%HRmax 

5’ cool-
down 

Training 2:  

5’ warm-up 

50’ 60-
70%HRmax 

5’ cool-
down 

Training 3:  

5’ warm-up 

50’ 60-
70%HRmax 

5’ cool-
down 

Training 1:  

5’ warm-up 

50’ 70-
80%HRmax 

5’ cool-
down 

Training 2:  

5’ warm-up 

50’ 70-
80%HRmax 

5’ cool-
down 

Training 3:  

5’ warm-up 

50’ 70-
80%HRmax 

5’ cool-
down 

Classic Linear Program (CLA) 

Week 1 - 4 Week 4 - 12 
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Figure 2 

Periodization program 

 

3.3 Measurements 

Body Composition 

A dual-energy X-ray absorptiometry scan (DEXA) (Hologic Series Delphi-AFan Beam X-ray 

Bone Densitometer, Vilvoorde, Belgium) was used for the assessment of body composition. 

From the scans following data was obtained: lean mass (g), fat mass, (g) and fat percentage 

(%). Total body mass was measured using a calibrated analogue weight scale (Seca®). 

 

Periodized Intervention Program (PER) 

Week 1 

Week 2 Week 3 

Training 1 

5’ warm-up 

50’ 60-70% 
HRmax 

5’ cool-
down 

Training 2 

5’ warm-up 

50’ 60-70% 
HRmax 

5’ cool-
down 

Training 3 

5’ warm-up 

50’ 60-70% 
HRmax 

5’ cool-
down 

Training 2 

3’ warm-up 

3X20” all out 
+ 

2’ recovery 

2’ cool-down 

 

Training 3 

3’ warm-up 

3X20”  all  out 
+ 

2’ recovery 

2’ cool-down 

 

Training 1 

3’ warm-up 

3X20”  all out 
+ 

2’ recovery 

2’ cool-down 

 

   

Training 1 

3’ warm-up 

3X20” all out + 

2’ recovery 

2’ cool-down 

 

 

4 x 3w = 12w 
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Exercise capacity measurements 

The maximal exercise test until volitional exhaustion, was performed on an electronically 

braked cycle ergometer including pulmonary gas–exchange analysis (Jaeger® Oxycon, Erich 

Jaeger GmbH, Germany). Participants started the test at 20 W (female), or 30W (male) at a 

cycle frequency of 70 rpm (eBike® Basic, General Electric GmbH, Bitz,Germany). 

Subsequently, workload increased every minute with 10W (female) or 15W (male). Heart 

rate was continuously monitored by a 12-lead ECG device, while breath oxygen consumption 

(VO2), volume of expiration (VE) and respiratory exchange ratio (RER) were collected. At the 

end of the test, RER was evaluated (≥1.1), to verify for a valid maximal test.  Every two 

minutes, lactate (La) was obtained by blood analysis from the earlobe. Maximal workload 

(Wmax), maximal heartrate (HRmax) and maximal oxygen consumption (VO2max) with 

corresponding load, heart rate, minutes and oxygen uptake at exhaustion, were obtained at 

the end of the test (8). 

 

Figure 3 

Study design 

3.4 Statistical Analysis 

Data analysis was performed using IBM SPSS Statistics 25. At first, group differences ‘delta’ 

(Post measurements – Pre measurements) were analysed for each parameter and outliers 

were excluded from all data. After that, differences within groups for pre- and post-

intervention were analysed. Because of the small sample size (n<30), parametric as well as 

non-parametric tests were performed. Within group data were analysed using a Wilcoxon 

signed ranks test. Between group data were analysed based on pre-post differences (delta), 

using a Mann-Whitney U test. Results are presented as means ± standard deviations (SD) or 

mean differences (MD) with confidence intervals (CI). A two tailed significance level of p 

<0.05 was maintained as threshold during statistical analysis. 

PwMS 

N = 14 

PER 

N = 7 

CLA 

N = 7 

Pre-
measurement 

Pre-
measurement 

Post-
measurement 

Post-
measurement 

12-week 
intervention 

12-week 
intervention 
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4. Results 

4.1 Baseline participant and exercise program characteristics 

A total of 14 (PER n=7; CLA n=7) PwMS participated in the study so far. Gender did not differ 

between groups, with each group consisting of five female, and two male participants. 

Analysis of baseline age (p=0.262) and weight (p=0.294) showed no statistical difference 

between groups. Baseline characteristics are shown in table 1. 

The periodized program included 564 peak training effort hours, while the classic program 

contained 1260 hours. Peak training effort hours are shown in figure 4. 

 

Figure 4 

Peak training effort hours 

 

Table 1 

Baseline characteristics 

 
 
 
 
 
 
 
 

Data are expressed as means ±SD and represent 
subject characteristics. Abbreviations: F=female, 
M=male, PER=periodized group, CLA=classic group 
 

 

 PER CLA 

Age (years) 43.14±10.64 49.14±8.30 

Weight (kg) 73.74±12.77 82.40±16.48 

Gender (f/m) 5/2 5/2 
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4.2 Body composition 

No statistical differences were found for body composition within the PER group (p>0.05). In 

contrast to PER, total lean mass significantly increased (+0.4%; p=0.043) whilst total fat mass 

(-14.31%; p=0.043) significantly decreased within the CLA group.  

As for between group changes, no statistical differences were found except for weight which 

was significantly lower in the CLA group (PER +4.88%; CLA -5.42%, delta p=0.030). An 

overview of these results can be found in table 2. 

 

 

4.3 Exercise capacity measurements 

As for within group changes, PER showed a significant improvement in maximal workload 

(+16.92%; p=0.027) and VO2max (+13.09%, p=0.027). No significant changes for other 

parameters were detected in this group.  

Within the CLA group, a significant increase in maximal workload was found (+14.14%; 

p=0.026). For all other parameters, no differences were noted.  

No significant between group differences for exercise capacity were found. 

An overview of these results can be found in table 3. 

Table 2. Body composition (Dexa) 

 PER CLA                                              Delta (p value) 

 PRE POST PRE POST 

Weight (kg) 73.74±12.77 77.53±12.23 82.40±16.48 78.17±15.46                       0.030
b 

 
Lean mass (g) 

 
48858.70± 
10388.07 

 
50963.76±  

1738.97 

 
50226.15± 
12848.97 

 

50429.72±14561.35
a 

       0.602 

 
Fat mass (g) 

 
22481.20± 

8576.06 

 
23325.06± 

9053.01 

 
28233.43± 

8103.92 

 

24699.20±3973.90
a
          0.117  

 
Fat % (%) 

 
34.20±3.41 

 
34.35±3.57 

 
35.22±6.63 

 
32.96±5.77                         0.537 

Data are expressed as means ± SD’s. ‘
a
’: Significant within group changes. ‘

b
’: Significant between group 

changes (delta). 
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Table 3. Exercise capacity 

 PER CLA                                       Delta (p value) 

 PRE POST PRE POST 

Maximal workload 
(W) 

139.17± 
36.39 

167.50± 

35.46
a
 

141.67± 
78.08 

165.00±80.93
a
                0.356 

 
VO2 max 
(ml/kg/min) 

 
27.67± 9.58 

 

31.83± 10.94
a
 

 
25.00±8.98 

 
27.29±8.71                      0.466  

 
HR max (bpm) 

 
174.71± 

12.66 

 
177.14± 11.73 

 
161.71± 

26.18 

 
160.29±22.74                 0.481 

 
HR recovery (bpm) 
 

 
113.40± 

24.34 

 
110.40± 19.97 

 
117.86± 

16.69 

 
108.57±16.16                 0.221 

 
Maximal lactate 
(mmol/l) 

 
4.52±0.64 

 
5.08±1.62 

 
4.62±0.75 

 
5.05±1.10                        0.810 

 
Recovery lactate 
(mmol/l) 

 
7.80±2.86 

 
8.85±3.54 

 
8.73±3.16 

 
5.22±2.58                        0.286 

 
RER 

 
1.16±0.04 

 
1.15±0.06 

 
1.16±0.05 

 
1.12±0.04                        0.456 

Data are expressed as means ± SD’s. ‘
a
’: Significant within group changes. No significant between group 

changes (delta) were found. 
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5. Discussion 

To our knowledge, this study is the first to investigate the effects of a periodized exercise 

program compared to a classic exercise program in PwMS. Preliminary results of this study 

show that despite significantly reduced time commitments in PER (55%), both programs 

seem to induce similar beneficial effects on exercise capacity in MS. However, these results 

now need confirmation in a larger study population.  

Throughout the years, it has been shown that exercise therapy is able to efficiently reduce 

disease-related impairments and consequences in PwMS (10). According to a recent study (4), 

structured exercise reduces the risk for disease-related comorbidities, such as hypertension, 

obesity, type 2 diabetes, depression and fatigue in PwMS. In addition, HIIT in particular is 

reported to induce superior results in PwMS in functional parameters such as VO2 peak, 

maximum tolerated power and heart rate peak (8; 16; 17), and is reported to be safe and well-

tolerated in this population (8; 16). However, long-term adherence to HIIT seems rather 

difficult, especially in patients with MS (7). Therefore, such HIIT interventions should be 

further optimized in order to be integrated into the rehabilitation of PwMS. Studies (1; 15) 

show that in PwMS most common barriers to regular exercise are: lack of time, fatigue, 

getting tired by exercising and impairment. Therefore, in order to address such barriers and 

to optimize training adaptations/outcomes, periodisation of training might be an interesting 

strategy in PwMS. 

Previously, Keytsman et al. (2019) (9) explored the application of periodization principles in 

the rehabilitation of PwMS for the first time. Here, periodized blocks of HIIT were alternated 

with classic volume training and recovery weeks. Eight identical three-week cycles of 

periodized home-based bicycle training were used in this intervention. During the first week 

of the cycle, one session of 1-1.5 hour (75–90% HRmax) and two longer sessions (2-3 hours, 

60–80% HRmax) were performed. Week two consisted of three HIIT sessions (3–5 maximal 

sprints of 60–90 seconds; 90–100% HRmax; rest between intervals 1-3 minutes). In the last 

week of each cycle, one short HIIT session and one endurance session (2 to 3 hours; 70–90% 

HRmax) were performed. This 6-month intervention induced significant improvements in 

body composition (body weight −3%, BMI −3%) and exercise capacity (VO2max + 5%, 

workload + 11%, time until exhaustion +14%). Although this home-based study showed good 

therapy adherence (95% training sessions completed) and induced promising results on body 
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composition and exercise capacity, the authors concluded that such a periodized exercise 

intervention should be  investigated in a more controlled setting, and moreover be 

compared to a classic exercise program. 

Therefore, the present study applied periodisation principles in a controlled setting, with 

supervised one-on-one training sessions. The findings in the present study seem to confirm 

the beneficial effects of applying periodization principles, with similar to superior 

improvements in parameters of exercise capacity such as workload (+16.92% vs. + 11%) and 

VO2max (+13.09% vs. + 5% ). However, in contrast to the home-based study, no significant 

changes in body composition could be found. This might be explained by the duration of the 

study. The current study only lasted 12 weeks, while the home-based results were extracted 

from a six month program. Extra repetitions of the cycles and thus a long-term program 

might be needed to achieve a reduction in body weight. 

Furthermore, the periodized exercise program was compared to a more classic, linear 

exercise intervention where no difference  in  parameters of exercise capacity were found 

between both groups. Moreover, no significant differences for body composition were 

discovered except for weight. This difference might be explained by session volume. Higher 

volume of training sessions probably results in more caloric expenditure. As a result, more 

weight reduction was achieved in the CLA group. However apart from weight, it seems that a 

periodized training program induces at least similar training effects as those of a classic 

exercise program.  

In order to estimate the training efficiency of both programs, a calculation of time 

commitment was made using a previously published formula by Hansen et al. (2018) (5). This 

formula indicates the volume of peak effort training hours that were necessary to result in 

the observed end-stage training effects. Interestingly, a difference of  696 hours (55%) in 

favour of the periodized program (PER= 564 hours; CLA=1260 hours) was observed. As such, 

under the conditions of the present, ongoing study, we can conclude that the application of 

periodization principles in the rehabilitation of PwMS seems to result in training effects 

which are at least similar to those of a classic training program, despite a significantly 

reduced time commitment. Even more, periodization leads to variation in intensity and 

duration. This fact, in combination with significant less time commitment, could possibly 

optimise long-term adherence and thus periodization might result in improved clinical 
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outcomes on long-term. Therefore, applying periodization principles in the rehabilitation of 

PwMS might lead to further optimisation of conventional exercise interventions. 

Limitations of the present study include a small sample size. With a total of 14 participants, 

the present study has limited power. Therefore, research on larger scale (50+ participants)  is 

needed to confirm the current findings. However, this study is still running and therefore, 

the findings are preliminary. Furthermore, research to investigate effects of applying 

periodization principles on longer term is necessary. This study investigated the effects of a 

12-week program and showed promising results. However, these findings should now be 

confirmed in longer term interventions. If periodization effects do not tend to decline and 

disappear, inclusion in the international guideline of exercise in PwMS might be possible. 
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6. Conclusion 

Preliminary results of this study show that a 12-week periodization program tends to be at 

least as effective as classic linear training program in PwMS in terms of exercise capacity and 

body composition. However, less time commitment in PER was found, which might lead to 

better long-term adherence. These results now need confirmation in a larger study 

population. 
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