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Abstract
Background  Moderate endurance training leads to a significant improvement of aerobic fitness and fatigue in patients with 
multiple sclerosis (MS). However, the effects of high-intensity interval training (HIIT) have not systematically investigated.
Aim  To determine the effects of short-term HIIT on aerobic fitness and fatigue in MS patients.
Design  Prospective monocentric, randomized, simple blinded cohort study.
Settings  Participants exercised for 8 weeks on a bicycle ergometer three times weekly for 8 weeks.
Population  Forty patients with relapsing–remitting MS and an extended disability status score (EDSS) of < 3.5 participated.
Methods  For 8 weeks, participants exercised three times weekly for 30 min according to two different protocols (HIIT versus 
moderate endurance training). Measurements were taken at baseline and after 8 weeks of training. Individual aerobic fit-
ness (VO2peak) was assessed via a stepwise ramp protocol, fatigue by the Fatigue Severity Scale (FSS), and ambulation was 
measured by the Timed 25-Foot Walk Test (T25-FW). Data were analysed according to the intention-to-treat (ITT) approach.
Results  Aerobic fitness increased significantly in the HIIT group (pre: 26.7 ± 6.1, post: 29.7 ± 6.6 ml/min/kg; p < 0.04). No 
changes with regard to FSS and T25FW were detected in both groups. However, sub-group analysis revealed a significant 
decrease of fatigue in patients with elevated baseline fatigue (pre: 5.00 ± 0.7, post: 4.7 ± 1.2; p = 0.03).
Conclusions  HIIT is a promising time-efficient approach in subjects with MS leading to rapid improvement of aerobic fitness.

Abbreviations
HIIT	� High-intensity interval training
MS	� Multiple sclerosis
EDSS	� Extended disability status score
FSS	� Fatigue Severity Scale
T25-FW	� Timed 25-foot walk Test
ITT	� Intention-to-treat
VO2max	� Maximum aerobic capacity
MT	� Moderate training

Introduction

Multiple sclerosis (MS) often leads to impaired physical 
activity and the associated negative health consequences. 
Even in the early stages of the disease, physical activity is 
reduced as compared to the healthy population [1, 2]. One 
of the most frequent symptoms of MS is fatigue, which has 
a significant impact on day-to-day activity and at a higher 
degree of severity may bring in its wake significant socio-
economic consequences [3, 4].

Numerous studies have shown that physical activity has a 
positive effect on a variety of attendant symptoms associated 
with MS [5–10]. Moderate endurance training is considered 
to be safe and easy. However, a significant time commitment 
is necessary to achieve the desired results on a physiological 
or subjective basis [11]. The same training regime in terms 
of duration and frequency results in a distinct improvement 
of aerobic fitness, i.e., peak aerobic capacity (VO2peak), in 
healthy individuals [12–14].

The effects of “high-intensity interval training” (HIIT) on 
the cardiovascular system have recently been reviewed [15]. 
However, there are as yet limited insights to what extent 
improvement of peak aerobic capacity (VO2peak) may affect 
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MS-specific symptoms such as fatigue [15–17]. By contrast, 
positive effects of HIIT have been demonstrated in patients 
with other chronic conditions such as coronary artery dis-
ease and even in cancer patients with fatigue [18, 19].

We have previously shown that moderate, ambulation-
based endurance training leads to a significant improvement 
of aerobic fitness and fatigue after 9 months in patients with 
fatigue [11]. Based on these results, the present study aims 
to investigate, if HIIT might result in a comparable reduction 
of fatigue in patients with MS in a shorter period of time due 
to the more rapid improvement of physiological capacities. 
In contrast to our previous study, the exercise program was 
performed on a stationary ergometer to allow for standard-
ized exercise conditions.

Patients and methods

Ethics

The study was approved by the Ethics Committee of 
Deutsche Sporthochschule, Cologne, Germany. All partici-
pants gave informed consent prior to study participation.

Subjects

Forty participants (31 females/9 males) were recruited from 
the MS outpatient center “Neurologische Gemeinschaftsp-
raxis Bonn” meeting the following inclusion criteria: (1) 
a confirmed diagnosis of relapsing–remitting MS (RR-
MS) according to the revised McDonalds criteria [20]; (2) 
Expanded Disability Status Scale (EDSS) of ≤ 3.5; (3) age 
between 18 and 55 years. Patients with secondary or primary 
progressive MS, a temperature sensitive form of MS, and 
a previous history of heart or pulmonary disease as well 
as arterial hypertension were excluded. Pregnancy was also 
an exclusion criterion. The trial duration was 8 weeks with 
a baseline and exit examination. Patients were randomly 
assigned to one of the two intervention groups.

Neurological examination

A neurological examination was performed by an experi-
enced neurologist to determine the EDSS at baseline.

Ramp test (VO2peak test)

The primary endpoint was the change in VO2peak, which was 
determined according to the established ramp protocols [21]. 
Testing was performed using a cycle ergometer (Schoberer 
Rad Messtechnik GmbH - SRM GmbH). After a warm-up of 
6 min at an intensity of 1 W/kg, the intensity was gradually 
increased by 8 watts every 10 s. This particular approach 

was derived from ergometer exercise protocols in cardiol-
ogy in order to achieve exercise intensities above the 1 W/
kg threshold [22] by pre-activation of the aerobic system 
[21, 23]. The exercise test was discontinued at a respiratory 
exchange ratio (RER) exceeding 1.1. Further termination 
criteria were defined as any mention of unease or worsening 
of pre-existing neurological symptoms, respiratory distress, 
lack of an adequate elevation, or disproportionate eleva-
tion of heart rate beyond the known maximum heart rate 
and muscle pain. Patients were continuously encouraged 
throughout the entire test.

VO2 was measured by breath-by-breath analysis using 
the open-circuit spirometry system ZAN 600 USB (nSpire 
Health GmbH, Germany). O2 consumption and CO2 expi-
ration were measured continuously. The highest value was 
defined as VO2 peak expressed as ml O2/min/kg with regard 
to the body weight. The details have been described else-
where [11].

During the ramp test, the work rate was continuously 
monitored using an ergometer with an integrated measure-
ment system (SRM Science PowerMeter). Peak power was 
defined as the wattage at which a plateau of VO2 was reached 
despite a continued increase in work rate. The individual 
peak power was used to determine exercise intensity in each 
participant.

Fatigue and walking speed

There were two secondary endpoints: (1) fatigue as meas-
ured by the Fatigue Severity Scale (FSS) [24] which has 
been shown to be suitable to detect changes in fatigue over 
time [25]; (2) changes in walking speed as assessed by the 
Timed 25-Foot Walk Test (T25-FW) which measures gait 
velocity [26]. Improvement of gait velocity by more than 
20% is generally considered clinically significant [27].

According to the FSS, sub-groups for further analysis 
were based on a cut-off of 4.0 [< 4.0 = non-fatigue group 
(nFG) versus ≥ 4.0 = fatigue group (FG)] [28, 29].

Exercise program

The trial was conducted as a prospective, monocentric, 
randomized, unblinded cohort study, in a pre-/post-design. 
There was no control group. The individual training inten-
sity was derived from the peak power output during the 
ramp test. Group I exercised constantly at 50% of peak 
power output (moderate training = MT group), while 
Group II performed intensive intervals: 7.5 min warm-
up at 40–50% of peak power output plus eight integrated 
60 s intervals at an intensity of 70% of the peak power 
output in alteration with 60 s at an intensity of 50% of the 
peak power output plus 7.5 min cool down at 40–50% of 
peak power output (HIIT group). Exercise sessions were 
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performed on a stationary bicycle ergometer in a fitness 
centre close to the patients’ residence, three times weekly 
for 8 weeks with each unit lasting 30 min. To ensure that 
the individual training sessions were performed according 
to the allocated intensities, they were conducted under the 
guidance of personal coaches.

Statistical analysis

A mixed-design ANOVA was applied to test for differences 
between patients with and without fatigue with regard to 
VO2peak in a pre–post-approach [30]. The significance level 
was set at α = 0.05. Verification of the normal distribution of 
the outcome variables was performed using the Kolmogo-
rov–Smirnov test. Sphericity of variances was tested using 
the Mauchly’s test. In case of a sphericity violation, a Green-
house–Geisser correction was performed by adjustment of 
the degrees of freedom. The homogeneity of group variances 
was tested using the Bartlett test. Statistic calculations were 
performed using STATISTICA (Version 12).

A power calculation was performed using g*Power (ver-
sion 3.1.5) with pPower [1−β] = 80% resulting in a sample 
size of 34 including possible dropouts. Based on the results 
of our previous study [11], an effect size (f) of f = 0.25 was 
calculated.

Patients were randomly allocated by simple randomiza-
tion to both intervention groups resulting in slightly different 
sample sizes of the HIIT (n = 22, 17 females and 5 males) 
and the MT group (n = 18, 14 females, 4 males).

Data were analysed according to the intention-to-treat 
(ITT) approach. Missing data were substituted using sin-
gle imputation (“hot deck substitution method with clus-
ter sampling/analysis”) with matched age and severity of 
fatigue. The anthropometric and socio-demographic data of 
all participants at baseline are shown in Table 1. In addition, 
baseline data of females and males are shown separately 
(Table 1). Due to the low numbers of participants, a sepa-
rate analysis of HIIT and MT according to gender was not 
performed.

Results

Baseline characteristics and demographic data

At baseline, no significant differences with regard to age, 
weight, disability, and T25FW were detectable between the 
total, MT, and HIIT groups. However, baseline VO2peak was 
significantly higher (p ≤ 0.05) in the MT (31.9 ± 8.6 ml/min/
kg) as opposed to the HIIT group (26.7 ± 6.1 ml/min/kg). 
The baseline data are summarized in Table 2.

Exercise program

Forty subjects were included in the ITT analysis (Fig. 1). 
There was a dropout rate of 27.5% over the period of 8 
weeks: eleven patients discontinued the study prematurely, 
five from the HIIT group (three patients with an FSS ≥ 4.0), 
and six from the MT group (each having an FSS ≥ 4.0). 
In total, two of the dropouts had an FSS < 4.0 and nine an 
FSS ≥ 4.0. Reasons for discontinuation of the study were: 
relapse (n = 1), fall (unrelated to the exercise) (n = 1), lower 
back pain (n = 1), lack of time (n = 4), and no reasons given 
(n = 4).

Training adherence was 73% ± 22% for the entire group 
(71% ± 22% in the MT and 74% ± 23 in the HIIT group). 
During the 8 weeks of the study, a total of 24 training units 
were scheduled for each participant. On average, 17 train-
ing units were performed, 17 in the MT, and 18 in the HIIT 
group.

Outcome parameters

A significant group-by-time effect of VO2peak was detectable 
in the HIIT group as opposed to the MT group (p = 0.04; 
f = 0.33) after the 8 week exercise intervention. By contrast, 
there was no significant change of the FSS and T25-FW in 
the entire cohort.

However, sub-group analysis revealed a significant reduc-
tion of fatigue in the fatigue group, irrespective of the exer-
cise program, the patients were assigned to. No effects on 
VO2peak and T25-FW were demonstrated in the fatigue group 
(Table 3). In the non-fatigue group, none of the aforemen-
tioned parameters changed (Table 4).

Although not defined as a primary endpoint of the study, 
peak power output (PPO) in relation to body weight was 
included in the descriptive part of the analysis (Tables 1, 2, 
3, 4). PPO was neither significantly different in the entire 
cohort nor in the sub-groups. Of note, PPO in the entire 
cohort was in the range of healthy untrained individuals [31].

Discussion

VO2peak

Summarizing the previous studies, HIIT can be consid-
ered a safe and effective measure to increase VO2peak in 
MS patients [15]. This finding is supported by the study 
presented here in which no adverse effects were noted in 
the context of physical activity. VO2peak increased in the 
HIIT group but not in the MT group. This physiologi-
cal adaptation is in line with the effects of HIIT observed 
in healthy untrained subjects [32, 33]. The fact that no 
improvement of VO2peak was observed in the MT group 
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Table 1   Baseline anthropometric and socio-demographic data of study participants

Gender-dependent values are given in brackets (female/male)
BMI body mass index in kg/m2, EDSS expanded disability status scale, FSS fatigue severity scale, Diagnosis (yrs) number of years since MS 
diagnosis; VO2 peak (ml/min/kg) Highest measured oxygen consumption in relation to the individual body weight, T25-FW: Timed-25 Foot 
Walk test, PPO (Watt/kg) Highest recorded (peak) power output in relation to the individual body weight, X arithmetic mean, SD standard devia-
tion; CI 95 % (SD) Confidence interval of the standard deviation, ns not significant, HIIT high intensity interval training group, MT moderate 
intensity training group
*Significant differences between groups, p ≤ 0.05

n X SD CI 95% p value

Height (cm)
 Total group 40 (31/9) 172.6 (170.0/182.0) 7.9 (6.2/6.4) 170.1 (167.7/176.7) 175.1 (172.3/186.6)
 HIIT 22 (17/5) 171.4 (168.2/182.2) 8.6 (5.6/8.0) 167.5 (165.2/172.2) 175.2 (171.2/192.2) n.s
 MT 18 (14/4) 174.1 (172.1/181.0) 6.9 (6.1/4.8) 170.7 (168.6/173.3) 177.5 (175.7/188.7)

BMI (kg/m2)
 Total group 40 (31/9) 24.3 (23.9/25.7) 4.2 (4.4/3.3) 23.0 (22.3/23.2) 25.7 (25.5/28.2)
 HIIT 22 (17/5) 24.7 (24.4/26.1) 4.7 (5.0/4.0) 22.6 (21.8/21.1) 26.8 (26.9/31.0) n.s
 MT 18 (14/4) 23.8 (23.3/25.3) 3.5 (3.7/2.5) 22.0 (21.2/21.3) 25.5 (25.5/29.3)

Diagnosis (years)
 Total group 39 (30/9) 10.9 (11.4/9.2) 7.7 (7.1/9.7) 8.4 (8.7/1.8) 13.4 (14.0/16.7)
 HIIT 21 (16/5) 11.1 (12.6/6.2) 7.4 (7.7/3.8) 7.7 (8.6/1.4) 14.5 (16.7/11.0) n.s
 MT 18 (14/4) 10.6 (9.9/13.0) 8.3 (6.5/14.0) 6.5 (6.2/0) 14.7 (13.7/35.0)

Body weight (kg)
 Total group 40 (31/9) 72.5 (68.9/85.0) 13.7 (11.9/12.4) 68.1 (64.1/75.5) 76.9 (73.2/94.6)
 HIIT 22 (17/5) 72.7 (68.6/86.5) 14.7 (12.6/13.9) 66.2 (62.2/69.2) 79.2 (75.2/103.8) n.s
 MT 18 (14/4) 72.3 (69.1/83.3) 12.7 (11.4/12.1) 66.0 (62.6/64.1) 78.6 (75.7/102.4)

Age (years)
 Total group 40 (31/9) 42.1 (41.7/43.4) 9.3 (9.4/9.7) 39.1 (38.3/36.0) 45.1 (45.2/50.9)
 HIIT 22 (17/5) 41.6 (41.7/41.2) 9.7 (9.1/12.9) 37.3 (37.1/25.1) 45.9 (46.4/57.3) n.s
 MT 18 (14/4) 42.8 (41.8/46.3) 9.1 (10.1/2.9) 38.2 (36.0/41.7) 47.3 (47.6/50.8)

FSS
 Total group 40 (31/9) 4.2 (4.3/3.8) 1.2 (1.2/1.4) 3.8 (3.8/2.8) 4.5 (4.7/4.8)
 HIIT 22 (17/5) 4.0 (4.2/3.3) 1.2 (1.2/0.8) 3.5 (3.6/2.3) 4.5 (4.8/4.4) n.s
 MT 18 (14/4) 4.3 (4.3/4.4) 1.3 (1.2/1.8) 3.7 (3.6/1.6) 5.0 (5.0/7.2)

Descriptive data (part 2/2)
 VO2peak (ml/min/kg)
  Total group 40 (31/9) 29.1 (27.3/35.2) 7.7 (6.9/7.4) 26.6 (24.8/29.5) 31.5 (29.9/40.8)
  HIIT 22 (17/5) 26.7 (25.9/29.8) 6.1 (6.4/4.3) 24.0 (22.6/24.5) 29.4 (29.1/35.1) *
  MT 18 (14/4) 31.9 (29.1/41.9) 8.6 (7.4/3.4) 27.7 (24.9/36.5) 36.2 (33.4/47.3)

 T25-FW (s)
  Total group 40 (31/9) 8.73 (8.80/8.49) 3.23 (3.26/3.32) 7.70 (7.60/5.94) 9.76 (9.99/11.04)
  HIIT 22 (17/5) 8.38 (8.71/7.25) 2.57 (2.61/2.30) 7.24 (7.37/4.39) 9.52 (10.10/10.11) n.s
  MT 18 (14/4) 9.16 (8.90/10.05) 3.93 (4.01/4.05) 7.20 (6.59/3.59) 11.11 (11.22/16.50)

 EDSS
  Total group 34 (27/7) 2.24 (2.29/2.22) 0.85 (1.32/0.71) 1.94 (1.07/1.94) 2.35 (3.51/2.50)
  HIIT 19 (15/4) 2.29 (2.25/2.30) 0.98 (1.66/0.80) 1.82 (0/1.86) 2.76 (4.99/2.74) n.s
  MT 15 (12/3) 2.17 (2.33/2.13) 0.67 (1.04/0.61) 1.79 (0/1.74) 2.54 (4.92/2.51)

 PPO (Watt/kg)
  Total group 40 (31/9) 2.70 (2.66/2.87) 0.81 (0.78/0.92) 2.45 (2.38/2.16) 2.97 (2.95/3.58)
  HIIT 22 (17/5) 2.49 (2.4/2.8) 0.89 (0.87/1.00) 2.09 (1.96/1.51) 2.88 (2.85/4.00) n.s
  MT 18 (14/4) 2.98 (2.97/3.00) 0.61 0.53/0.94) 2.68 (2.77/1.50) 3.28 (3.29/4.51)
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may be explained by the fact that VO2peak at baseline was 
unexpectedly high, indicating that this particular group 
of MS patients disposed of an atypically well-developed 
aerobic fitness. In general, untrained MS patients exhibit a 
mean VO2peak of 25.5 ± 5.2 ml/min/kg which was improved 
by endurance training by a mean of 3.5 ml/min/kg [34].

Therefore, it is possible that no further increase in the 
relative VO2peak could be obtained within this group due 
to a reduced adaptation capacity as previously shown for 
MS patients who exhibit abnormally low VO2peak values 
despite the absence of significant motor deficits and car-
diovascular disease [35].

There is as yet no broad consensus with regard to the 
extent VO2peak needs to be increased to yield clinically 
significant improvements for MS patients. Kodama et al. 
demonstrated that an increase of the aerobic capacity by 
one metabolic equivalent of task (MET) corresponding 
to a relative increase of VO2peak by approximately 3.5 ml/
min/kg results in a 13% reduction of mortality and a 15% 
reduction of the incidence of cardiovascular diseases [36]. 
Corresponding to this finding, it has been shown that aero-
bic fitness is inversely correlated with the risk of cardio-
vascular co-morbidities in MS patients [37–39].

The results presented here indicate that a mean improve-
ment of VO2peak by 3.0 ml/min/kg may be achieved within 
8 weeks of HIIT, demonstrating that HIIT represents a 
time-efficient manner to increase aerobic fitness.

Fatigue

Sub-group analysis revealed a significant reduction of the 
FSS in participants with fatigue, while no such changes 
were detectable in the non-fatigue group. This finding cor-
roborates those of our previous study having demonstrated 
that patients with fatigue benefit from aerobic exercise [11]. 
Notably, patients with high baseline fatigue seem to benefit 
in particular from aerobic exercise [40], a finding which is 
supported by the results presented here demonstrating high 
baseline fatigue with a mean FSS score of X = 5.0 in the FG.

It remains unclear, however, to what extent fatigue 
needs to be reduced to become clinically relevant. Whilst 
a Cochrane review dating back to from 2015 concludes 
that endurance training results in a significant reduction of 
fatigue, the authors of a recent randomized-controlled trial 
were able to reproduce an effect on fatigue but deny its clini-
cal significance [41, 42]. Although validated in numerous 
trials, the psychometric assessment of fatigue is notoriously 
difficult and confounded by the subjective perception of MS 
patients in different stages of their disease [43].

T25‑FW

No significant changes were observed in the T25-FW. 
This finding is not surprising, since the median EDSS 
in both group was as low as 2.0 indicating no significant 

Table 2   Changes of parameters 
over the course of time

FSS Fatigue Severity Scale, VO2peak (ml/min/kg) highest measured oxygen consumption in relation to the 
individual body weight, T25-FW timed-25 foot walk test, PPO (Watt/kg) highest recorded (peak) power 
output in relation to the individual body weight, Diff difference between pre- and post-test, SD Diff stand-
ard deviation of the difference between pre- and post-test, CI 95% (SD) confidence interval of the standard 
deviation, HIIT high-intensity interval training group, MT moderate-intensity training group
*p: result of the repeated measurement ANOVA (group × time interaction)

n Diff SD CI 95% p value

FSS
 Total group 40 − 0.2 0.7 − 0.5 0.01 0.07
 HIIT 22 − 0.3 0.7 − 0.7 − 0.03 n.s
 MT 18 − 0.1 0.8 − 0.5 0.3

VO2rpeak (ml/min/kg)
 Total group 40 1.6 4.9 − 0.03 3.1 0.07
 HIIT 22 3.0 3.6 1.3 4.6 0.04*
 MT 18 − 0.2 5.9 − 3.1 2.7

T25-FW (s)
 Total group 40 0.04 0.95 − 0.3 0.3 n.s
 HIIT 22 − 0.02 1.22 − 0.5 0.6 n.s
 MT 18 − 0.10 0.49 − 0.4 0.1

PPO (Watt/kg)
 Total group 40 0.12 0.43 − 0.02 0.26 n.s
 HIIT 22 0.21 0.54 − 0.03 0.45 n.s
 MT 18 0.01 0.19 − 0.09 0.10
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impairment of gait. Moreover, the intervention described 
here was ergometer-based and not ambulation-based. There-
fore, changes in the spatiotemporal ambulatory parameters 
induced by ambulation-based exercise would not be neces-
sarily expected.

General considerations

The results presented here indicate that HIIT may serve as 
a time-efficient way to increase VO2peak. In particular, MS 
patients with very low baseline VO2peak could improve their 
aerobic capacity within a period of only 8 weeks. This find-
ing is different from the results of our previous study having 
demonstrated changes in VO2peak and fatigue only after sev-
eral months of training [11]. In clinical practice, MS patients 
could start off by improving their aerobic capacity by HIIT 
within 8 weeks followed by long-term moderate endurance 
training to maintain these effects. In healthy individuals, the 

risk for cardiovascular events and the overall mortality are 
significantly reduced if VO2 peak reaches 28 ml/min/kg cor-
responding to 8 MET [36]. Therefore, apart from the effects 
of HIIT on MS-specific symptoms such as fatigue, the risk 
for co-morbidities caused by inactivity and sedentary life-
style might also be reduced, indicating that HIIT might use-
fully complement moderate aerobic endurance exercise.

Limitations of the study

The interpretation of the data is limited in several aspects. 
First, dropouts were predominantly patients with fatigue, 
suggesting that the rather tight schedule with three trainings 
sessions per week might have been an overexertion to some 
of the study participants. On the other hand, the dropouts 
were equally distributed between the HIIT and the MT group 
still allowing to compare the different exercise regimen in 

Assessed for eligibility (n=55)

Analysis per protocol (n= 17)

ITT analysis (n=22)

Discontinued intervention (n=5)

Relapse (n=1); lack of time (n=3); no reasons 
given (n=1).

Allocated to HIIT (n= 22)

Discontinued intervention (give reasons) (n=6)

Fall (unrelated to exercise) (n=1); lower back 
pain (n=1); lack of time (n=1); no reasons 
given (n=3)

Allocated to MT (n=18)

Analysis per protocol (n=12)

ITT analysis (n=18)

Randomized (n=40)

Did not respond upon study invitation (n=20)

Declined to participate (n=15)

Fig. 1   Flow diagram of study outline
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Table 3   Changes of parameters 
over the course of time in the 
sub-group of patients with 
fatigue

Bold value indicates a significant reduction in fatigue over time
BMI body mass index in kg/m2, FSS Fatigue Severity Scale, nFG non-fatigue group, FG fatigue group, 
VO2peak (ml/min/kg) highest measured oxygen consumption in relation to the individual body weight, 
T25-FW timed-25 foot walk test, PPO (Watt/kg) highest recorded (peak) power output in relation to the 
individual body weight, Diff difference between pre- and post-test, SD Diff standard deviation of the dif-
ference between pre- and post-test, CI 95% (SD) confidence interval of the standard deviation, p result of 
the repeated measurement ANOVA (main effect of time), HIIT high-intensity interval training group, MT 
moderate-intensity training group

Sub-group analysis—fatigue group

n Diff SD Diff CI 95% p value

FSS
 Total sub-group 24 − 0.3 0.7 − 0.6 − 0.03 0.03
 HIIT 13 − 0.4 0.6 − 0.8 0.03 n.s
 MT 11 − 0.2 0.8 − 0.8 0.3

VO2peak (ml/min/kg)
 Total sub-group 24 1.9 5.2 − 0.3 4.1 0.10
 HIIT 13 3.2 4.0 0.8 5.6 n.s
 MT 11 0.3 6.2 − 3.9 4.4

T25-FW (s)
 Total sub-group 24 0.10 0.58 − 0.2 0.3 n.s
 HIIT 13 0.02 0.68 − 0.4 0.4 n.s
 MT 11 0.18 0.46 − 0.1 0.5

PPO (Watt/kg)
 Total sub-group 24 0.14 0.49 − 0.06 0.35 n.s
 HIIT 13 0.29 0.62 − 0.08 0.67 n.s
 MT 11 − 0.03 0.14 − 0.13 0.06

Table 4   Changes of parameters 
over the course of time in the 
sub-group of patients without 
fatigue

BMI body mass index in kg/m2, FSS Fatigue Severity Scale, nFG non-fatigue group, FG fatigue group, 
VO2peak (ml/min/kg) highest measured oxygen consumption in relation to the individual body weight, 
T25-FW timed-25 foot walk test, PPO (Watt/kg) highest recorded (peak) power output in relation to the 
individual body weight, p result of the repeated measurement ANOVA (group x time interaction), Diff dif-
ference between pre- and post-test, SD Diff standard deviation of the difference between pre- and post-test, 
CI 95% (SD) confidence interval of the standard deviation, HIIT high-intensity interval training group, MT 
moderate-intensity training group

Sub-group analysis—non-fatigue group

n Diff SD diff CI 95% (SD) p value

FSS
 Total sub-group 16 − 0.1 0.8 − 0.5 0.3 n.s
 HIIT 9 − 0.2 0.7 − 0.9 0.4 n.s
 MT 7 0.1 0.8 − 0.6 0.8

VO2(ml/min/kg)
 Total sub-group 16 1.1 4.7 − 1.4 3.6 n.s
 HIIT 9 2.6 3.2 0.1 5.1 n.s
 MT 7 − 0.9 5.7 − 6.1 4.4

T25-FW (sec)
 Total sub-group 16 − 0.05 1.35 − 0.8 0.7 n.s
 HIIT 9 − 0.08 1.78 − 1.5 1.3 n.s
 MT 7 − 0.03 0.54 − 0.5 0.5

PPO (Watt/kg)
 Total sub-group 16 0.08 0.34 − 0.10 0.26 n.s
 HIIT 9 0.09 0.42 − 0.23 0.41 n.s
 MT 7 0.07 0.24 − 0.16 0.29
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the two groups. Second, there was a significant difference in 
aerobic fitness at baseline within the two trainings groups.

To ensure that the pre-calculated number of patients 
could be recruited for the study, both females and males 
were accepted for participation. As a consequence, the inclu-
sion of four male MS patients contributed to the significantly 
higher baseline VO2peak in the MT group, although the rela-
tive proportion of male patients in both groups was 30%. 
Moreover, simple randomization resulted in a higher number 
of participants in the HIIT group.

Nonetheless, we believe that the main effect of improving 
VO2peak by HIIT within a comparatively short period of time 
is consistent with the previous findings [18, 19] despite the 
aforementioned methodological shortcomings.

Conclusions

In summary, HIIT may be a promising and time-efficient 
approach in MS patients to improve aerobic fitness and 
decrease fatigue in patients with elevated baseline fatigue. 
Moreover, HIIT performed on a stationary ergometer rep-
resents an easy-to perform and safe method of endurance 
exercise in MS patients. Further studies are warranted tai-
loring the exercise regimes to the individual patients´ needs 
and capacities to better understand the effects of improved 
VO2peak by HIIT on fatigue in MS patients.
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