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ABSTRACT 
Introduction Fatigue is a common and debilitating symptom in patients with 
multiple sclerosis (MS). Self-reported levels of perceived fatigue are associated 
with both patient characteristics and clinical measures. Pilot analysis indicated 
that muscle fatigability combined with depression scores was highly associated 
with perceived fatigue in MS patients. Studies that combined physiological and 
psychological constructs to explain MS-related fatigue are scares. Therefore, the 
present study aimed to evaluate the robustness of the association between 
perceived fatigue, muscle fatigability and depression scores in MS. 
Methods Eighty-six patients with relapsing-remitting MS completed two fatigue 
questionnaires (Fatigue Severity Scale [FSS] and Modified Fatigue Impact Scale 
[MFIS]) and a depression questionnaire (Hospital Anxiety and Depression Scale 
[HADS]). Maximal index finger abduction force (maximum voluntary contraction 
[MVC]) was measured, as well as muscle fatigability during a two-minutes 
sustained maximal contraction. Multivariable regression analyses were used to 
analyze the association between perceived fatigue, and muscle fatigability and 
depression scores. 
Results Perceived fatigue was associated with depression, muscle fatigability, 
and, depending on the questionnaire, to sex or to MVC. The model explained 
40% and 48% of the variation in perception of fatigue as indexed with FSS 
questionnaire (rpartial: HADS 0.45, muscle fatigability 0.45, MVC -0.14, sex 0.32), 
and MFIS physical questionnaire (rpartial: HADS 0.59, muscle fatigability 0.49, 
MVC -0.38), respectively. 
Conclusions The found association accentuates the importance of including 
both physiological fatigability-related and psychological mood-related constructs 
in models to explain perceived fatigue in MS patients. The model also directs 
future research towards applying effortful conditions, and emphasizes the 
importance of assessing different constructs when evaluating rehabilitation 
strategies to reduce MS-related fatigue. 
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INTRODUCTION 
A large percentage of MS patients report increased levels of perceived fatigue, 
having a strong impact on the quality of life.9,117 MS-related fatigue is described 
by the Multiple Sclerosis Council as “a subjective lack of physical and/or mental 
energy that is perceived by the individual or caregiver to interfere with usual and 
desired activities”.147 Factors underlying perception of fatigue are 
multidimensional and not yet fully understood. Associations with clinical features 
have been examined, but only depression showed a consistent association with 
perceived fatigue.66,178,179 

Several studies have investigated the association between perceived fatigue 
and muscle fatigability. Most studies did not find an association (Table 1). 
Conversely, we found a clear association between perceived (self-reported) 
fatigue and muscle fatigability but only after correction for maximal force. 
Furthermore, pilot analyses showed that the combination of depression scores 
and muscle fatigability predicted perceived fatigue even better.196 Recent 
literature60,111 has underlined the importance of combining physiological and 
psychological constructs to explain perception of fatigue. Studies that combine 
both dimensions in a single model are, however, scarce. Since our sample size 
was relatively small (n=20) and, because of the intensive protocol, included 
highly motivated patients,196 we felt that we had to test the robustness of the 
association between perceived fatigue, muscle fatigability and depression scores 
(1) in a larger and less well-controlled group of MS patients and (2) by including 
an additional fatigue questionnaire, which distinguishes between perception of 
cognitive and physical fatigue. We also sought to investigate effects of 
medication, and contribution of other patient characteristics, such as sex, age, 
and disease duration. We hypothesized that models incorporating muscle 
fatigability result in significantly better predictions of perceived fatigue than a 
model that only includes depression scores. 

Parts of the data were previously presented as an abstract.228 
 
METHODS 
Subjects 
Of 100 MS patients, 86 relapsing-remitting (RRMS) patients were recruited 
(patients were excluded for the following: non-RRMS, other neurological 
disorders, other conditions affecting fatigue, or not being able to walk at least 
100 meters). None suffered from a relapse at the time of the measurements or 
had taken steroids in the preceding six weeks. All participants reported to be 
right handed. The study was approved by the University Medical Center  
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Table 1 Studies investigating association between perceived fatigue and muscle 
fatigability 

Article Sub-
jects 

EDSS 
(range) 

Perceived 
fatigue 
(range) 

Muscle  
Fatigue test 
End point 

Association 
perceived 
fatigue-

fatigability 

Possible 
cause for 

n.s. 
association 

Sharma 
et al188 

20 RR, 
8 SP 

5.1 
(2.0-8.0) 

FSS 4.8 
(2.4-6.3) 

Anterior tibialis 
Electrical stimulation 
peroneal nerve 
9 min 

n.s. Electrical 
stimulation1 

Type of MS2 

Sheean 
et al189 

13 RR, 
5 SP, 
3 PP 

5.4 
(2.0-8.0) 

FSS 5.9 
(2.7-7.0) 

all but one 
>4.0 

Adductor pollicis 
Isometric adduction 
thumb (MVC) 
45 s MVC 

n.s. Range 
FSS3 

Type of MS2 

Iriarte&De 
Castro 
100 

50 MS# 2.2 
(all<4.0) 

FSS 3.44 
(1-6.1) 

Finger flexor muscles 
11 hand dynamometer 
contractions 
MVC until exhaustion/ 
large force drop 

FSS-
Duration 

(rho -0.46) 

Type of 
MS2? 

Romani  
et al179 

60 RR <5.5 40 fatigued: 
FSS>5.6 
20 non-
fatigued: 
FSS<2.4 

Adductor pollicis 
Isometric adduction 
thumb (MVC) 
45 s MVC 

n.s.  

Surakka 
et al202 

24 RR, 
4PP/SP 

2.1 
(0-5.0) 

FSS 4.8 
(SD 1.4) 

Knee flexors and 
extensors 
Knee extens/ flexion 
30 s MVC 

n.s. Type of MS2 

Andreasen 
et al11 

60 RR; 
(19 PF, 
20 SF, 
21 NF) 

>=3.5 
(1.0-3.5) 

(PF-SF-NF): 
FSS 

(6.3-6.2-3.1) 
MFI-20phys 

(12-13-7) 

Quadriceps muscle 
Isometric quadriceps 
contractions 
8*5s MVC + 1x 15s 
MVC 

FSS-C -
0.26), 

MFI20phys-
CA 
-0.37) 

 

Skurvydas 
et al191 

18 SP <4 FSS 5.6 
(men), 

FSS 5.5 
(women), 
all >5.0 

Knee extensors 
Knee extension 
2 min MVC 

n.s. Range of 
FSS3 

Type of MS2 

Scheidegger 
et al182 

23 MS# 3 
(1-7) 

FSS 4.1 
(1.9-7) 

Left abductor digiti 
minimi. 
1 s maximal 
contraction, 1 s rest 
2 min 

n.s. Type of 
MS2? 

Steens et 
al196 

20 RR 2.5 
(0-5) 

FSS 5.3 
(SD 0.9) 

FDI 
Isometric abduction 
index finger (MVC) 
2 min MVC 

FSS-muscle 
fatigability, 

HADS depr, 
MVC (R2 

0.77)*, 
FSS-CA (R2 

0.29) 

 

Severijns et 
al187 

13 RR, 
12 SP, 
5 PP 

4.0 
(1.5-8.5) 

MFIS 35.6 
(SD 21.0) 

Finger flexor muscles 
15 hand dynamometer 
contractions 
30 s MVC 

n.s. Type of MS2 

Wolkorte et 
al 
(Chapter 6) 

19 RR 1.2 
(0-3.0) 

FSS 3.9 
(1.6-6.2) 

MFIS 27.3 
(1-56) 

FDI 
Isometric abduction 
index finger 
30% MVC until max 
force<30%, MVC

FSS-muscle 
fatigability, 

HADS depr, 
MVC (R2 

0.50)*
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Overview of studies that investigated the association between perceived fatigue and muscle 
fatigability. FSS, Fatigue Severity Scale; MFI-20phys, physical subscale of the MFI-20; MFIS, 
Modified Fatigue Impact Scale; RR, relapsing-remitting; SP, secondary-progressive; PP, 
primary progressive; MVC, maximal voluntary contraction; PF, primary fatigued (without any 
other fatigue-related complications or events); SF, secondary fatigued (Presence of fatigue-
related complications or events, e.g. poor sleep, depression, tiredness due to pharmaceutical 
side effects); NF, non-fatigued; CA, central activation; n.s. non-significant findings. # Type of 
MS not specified. *Model including Fatigability, MVC, and HADS depression scores. 
Possible causes why some studies do not find an association between perceived fatigue and 
fatigability: 
1Electrical stimulation: Electrical stimulation induces mostly peripheral fatigue, whereas it is 
known that in MS patients central fatigue is more important for the development of muscle 
fatigue.11,30,196 
2Type of MS: There are indications that in RRMS motor and/or cognitive deficits are masked by 
plasticity of the central nervous system and that plasticity-related recovery is limited in SPMS.56 
This implies that mechanisms underlying motor and cognitive deficits could differ across MS 
types, making it difficult to perform regression analyses on a mixed population. 
3Range of FSS: These studies only included patients that were fatigued (FSS >4 or >5). This 
limits the range of FSS, which renders a regression analyses difficult.  
 
Groningen Medical Ethical Committee and all patients signed an informed 
consent before participation. 
 
Experimental set-up 
Before the experiment, patients completed three questionnaires: the Hospital 
Anxiety and Depression Scale questionnaire (HADS235), the Fatigue Severity 
Scale (FSS119), and Modified Fatigue Impact Scale (MFIS147). The FSS consists 
of nine questions ranging from 1 to 7. The MFIS consists of 21 questions and 
distinguishes between effects of fatigue on physical (range 0-36), cognitive 
(range 0-40) and social functioning. The HADS consists of 14 questions, of 
which 7 questions determine the depression subscale (range 0-21). Higher 
scores indicate stronger feelings of fatigue or depression. 

During force measurements, patients sat in a comfortable chair with arm 
support and held a force transducer in their right hand (Figure 1A).214 The thumb 
and fingers 3 to 5 were taped to the transducer to prevent changes in hand 
position during the test. The proximal interphalangeal joint of the index finger 
was taped to a wedge connected to the transducer. Force was exerted by 
abducting the index finger. Force data was amplified and sampled at a rate of 
200 Hz (analog-to-digital conversion: 1401Plus, CED, Cambridge, UK; 
accompanying software Spike 2, version 5.03). 
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Figure 1 Force transducer and force 
data. (A) Force transducer. (B. Maximal 
voluntary contractions (MVC) of a single 
patient. (C) Force decline during a two-
minutes sustained maximal contraction of a 
single patient. (D) Averaged force decline 
during sustained maximal contraction. 
Force as percentage of MVC during the 
fatiguing 2-minutes task. Data is averaged 
over 2 second periods for graphic 
purposes. Error bars represent standard 
deviations. 
 

 

 

 

 

 

 

 

 

 

 

Tasks 
Three five-second maximal voluntary contractions (MVCs) were performed, with 
one minute in between attempts. If force increased across the three attempts, an 
extra MVC was performed until the force reached a stable level. Subsequently, 
patients performed a fatiguing, sustained maximal index finger abduction for two 
minutes (Figure 1B and C). During the tasks, participants received online 
feedback of their force and were encouraged by the investigator. 
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Outcome measures 
Perceived fatigue was quantified by the FSS and MFIS physical subscale; the 
first reflecting the impact of fatigue on daily life, the latter reflecting the impact on 
physical functioning.114,119,147 Maximal force obtained during the MVCs (n=57) or 
during the fatiguing task (n=26) was considered the MVC. Muscle fatigability was 
defined as the decline in force during the two minutes sustained contraction 
expressed as a percentage of MVC, that is, 1-(force last 6 seconds/MVC)*100%. 
 
Statistical analyses 
All analyses were performed with SPSS version 20. The FSS, HADS depression, 
and disease duration were not normally distributed according to the Kolmogorov-
Smirnov analysis. To normalize the data, FSS-scores were cubed (FSS3), and 
disease duration data were log-transformed. We did not succeed in normalizing 
the HADS depression scores. 

Correlations were investigated using Pearson’s correlation coefficients or 
Spearman’s  (HADS data). Differences in questionnaire scores between groups 
were tested using independent t-tests. 

We performed multivariable regression analyses for both the FSS and MFIS 
questionnaires. The residuals of the models were normally distributed after 
including original FSS-data and no collinearity was found between any of the 
parameters. Therefore, all analyses were performed with the original data 
(without transformation). 

Several patients used medication, and since medication may alter 
(perception of) fatigue, this was further investigated by analyzing a subgroup of 
patients without medication. 

 
RESULTS 
Patient characteristics 
Three patients did not perform the sustained contraction correctly, and were 
excluded from analysis (2 patients repeatedly stopped during the contraction, 
one patient strongly increased force after one minute). In total, 83 patients were 
included in the analyses (Table 1). Three patients scored 12 or more on the 
HADS depression questionnaire, indicating possible presence of depressive 
symptoms. However, inclusion of these subjects did not affect the direction of 
our analysis. Fifty-six patients (67%) were employed or weekly volunteers. Six 
patients were ambidextrous rather than right-handed according to the Edinburgh 
handedness questionnaire (scores -23 to +41).151 
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Table 2 Patient characteristics and medication information 
Patient characteristics  
Men / women (n) 32 / 51 (39%-61%) 
Age (years) 41 (21-65) 
Disease duration (years) 9.3 (0-34) 
FSS 4.6 (1.3-7.0) 
Fatigued (FSS>4) 62 (=75%) 
MFIS 38.3 (0-84) 
MFIS physical 18.5 (0-36) 
MFIS cognitive 16.0 (0-40) 
HADS depression 4.2 (0-15) 
HADS anxiety 5.5 (0-16) 
MVC (N) 30.1 (10.3-53.8) 
Men 35.5 (11.6) 
Women 26.8 (7.9) 
Muscle fatigability (%MVC) 70.3 (42.6-97.6) 
Employed (n) 56 (67%) 
Oldfield 86% (-23%-100%) 
Medication use  
Fatigue-influencing medication (n) 28 (=34%) 
Fatigue as possible side-effect 23 
SSRI’s 11 
Benzodiazepines 4 
TCA’s 4 
Baclofen 4 
GABA-agonists 3 
Anticholinergic medication 1 
Opioids 1 
Fatigue decreasing medication 11 
Dopamine reuptake inhibitors 6 
Potassium channel blockers 5 
Immune-modulating medication (n) 33 (=40%) 
Interferon-Beta 19 
Natalizumab 7 
Glatiramer-acetate 6 
Dimethyl fumarate 1 

Data are represented as mean (range) unless stated otherwise. FSS, Fatigue Severity Scale; 
MFIS, Modified Fatigue Impact Scale; HADS, Hospital Anxiety and Depression Scale; MVC, 
maximal voluntary contraction; SSRI, selective serotonin reuptake inhibitor; TCA, tricyclic 
antidepressant. 
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Medication 
Thirty-three patients used immune-modulating medication, and 28 used 
medication that affects (perception of) fatigue. Nine patients used both types of 
medication (Table 2). Some medication is known to have perceived fatigue as a 
side effect (n=22), but patients also used potassium channel blockers and 
dopamine reuptake inhibitors, that have been prescribed to reduce feelings of 
fatigue (n=11). In general, women used more fatigue-modulating medication 
than men did (43% vs 19%, p=0.016). 
 
Perceived fatigue 
Patients reported an average FSS score of 4.6 (SD 1.4). In total, 62 patients 
(75%) scored higher than 4 16,66. Mean scores were higher for females (4.9 vs 
4.1, p= 0.016), patients using fatigue-modulating medication (i.e. all medication 
listed in Table 2; 5.2 vs 4.3, p=0.003), and unemployed patients (5.4 vs 4.3, 
p<0.001). The FSS score was not associated with disease duration (p=0.34). 

The MFIS physical subscale ranged from 0 to 36. Higher scores were 
obtained by patients using fatigue-modulating medication (21.9 vs. 16.7, 
p=0.005) and unemployed patients (22.8 vs. 16.4, p<0.001). Neither sex 
(p=0.29) nor disease duration (p=0.081) was associated with the MFIS physical 
subscale. 

The MFIS cognitive subscale ranged from 0 to 40 and was only associated 
with the HADS depression score ( =0.59, p<0.001). 

The FSS3 and MFIS physical were strongly associated (r=0.76, p<0.001), as 
well as the FSS3 and the MFIS cognitive (r=0.64, p<0.001), and the MFIS 
physical and MFIS cognitive (r=0.68, p<0.001). 

Patients with and without immune-modulating medication did not differ in their 
scores on fatigue-questionnaires. 
 
Force tasks 
Figure 1B and C shows the force recording for a representative patient. The 
maximal index finger abduction force equaled 30.1 ± 10.3 N. Men (35.5 ± 11.6 
N) were significantly stronger than women (26.8 ±7.9 N, p=0.001). With 
increasing age, patients became weaker (r=-0.37, p=0.001). This effect was still 
significant after correction for sex (rpartial=-0.32, p=0.003). The fatigue-modulating 
medication did not affect force (p=0.444). 

The mean force (averaged over 6 s) during the 2-minute sustained 
contraction declined from 78.0% MVC (SD 9.6) to 29.7% MVC (SD 10.2; Figure 
1D), which resulted in a fatigability of 70.3% (range 42.6-97.6). 
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Larger MVC (r=0.28, p=0.009) and lower age (r=-0.35, p=0.001) resulted in 
more muscle fatigue. However, when age and MVC were simultaneously 
included in a regression model, only age significantly predicted fatigability (age 
rpartial=-0.28, p=0.011, MVC rpartial=-0.18, p=0.114). Muscle fatigability was 
associated with perceived fatigue, measured with either the FSS3 (r=0.29, 
p=0.009) or MFIS physical (r=0.31, p=0.005). Muscle fatigability was not 
associated with sex (r=-0.62, p=0.578) nor with disease duration (r=-0.15, 
p=0.170). 
 
HADS 
Patients scored an average of 4.2 (range 0-15) on the HADS depression 
questionnaire. FSS3 was associated =0.34, 
p=0.002), as were the subscales MFIS 

=0.59, p<0.001, respectively). No association was found between 
HADS depression and muscle fatigability (r=-0.01, p=0.931). 
 
Associations between perceived fatigue, muscle fatigability, and depression 
The final step was to investigate associations between perceived fatigue and 
muscle fatigability, taken the aforementioned factors into account. The 
regression analysis included HADS depression scores on the first level, and 
muscle fatigability and MVC (see Steens et al 196) on the second level. Since sex 
and fatigue-modulating medication were associated with perceived fatigue, we 
added them stepwise on the third level. 

One subject was excluded from the regression analyses because his data 
deviated more than three standard deviations from the model. 

FSS scores were best explained by a model consisting of HADS depression 
scores, muscle fatigability and MVC, and sex (R2=0.40, p=0.005; Table 3). For 
patients without medication (n=55), the model including HADS depression 
scores, muscle fatigability and MVC explained FFS scores best (R2=0.33 
p=0.013). 

MFIS physical. HADS depression scores, together with muscle fatigability 
and MVC explained the MFIS physical scores best (R2=0.48, p<0.001, Table 3), 
both in the whole group as well as in patients without medication (n=55; R2=0.43, 
p=0.003). 

MFIS cognitive was best explained by HADS depression scores (R2=0.38, 
p<0.001; Table 3). Also in patients without fatigue-modulating medication, HADS 
depression was the only factor to predict the MFIS cognitive subscale (R2=0.47, 
F=46.05, p<0.001). 
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DISCUSSION 
The present data confirmed the association between fatigue as perceived by 
patients with MS, and the combination of muscle fatigability and depression in a 
large group of patients. The combination of muscle fatigability and HADS 
depression scores explained the variation in FSS scores better than a model 
consisting of either one of the parameters. We extended our previous finding by 
showing that this was true for different questionnaires of perceived fatigue. We 
further found that fatigue-modulating medication did not change these results 
significantly; nor did patient characteristics such as disease duration and age. 
 
Perceived fatigue is associated with muscle fatigability and depression 
In accordance with previous studies, we found an association of perceived 
fatigue and depression scores.9,66,178,179 Most studies, however, showed no 
association between muscle fatigability and perceived fatigue (see Table 1). 
Although we are not certain why studies failed to find associations between 
perceived fatigue and muscle fatigability, several possible factors are presented 
in Table 1. 

Additionally, it is known that fatigability is affected positively and negatively by 
several parameters (such as MVC and age); these parameters also interact with 
each other and will therefore interfere with the association between perceived 
fatigue and fatigability. One study179 with a large range of perceived fatigue 
scores and a large sample size also failed to find an association. It is possible 
that the inclusion of MVC values or sex would have resulted in a significant 
association (see also Steens et al196). 
During a sustained contraction fatigue-related changes in the muscle fibers 6 and 
the motoneurons138 require increased cortical drive129,161,197 to maintain force 
production. In MS patients, this increase in activation is reduced, resulting in a 
decline in voluntary drive.11,191,196,197 The association between muscle fatigability 
and perceived fatigue found presently could therefore point to difficulties in 
maintaining a strong voluntary drive. This observation is particularly interesting in 
relation with the increased activation of the anterior cingulate cortex  
in patients with higher levels of perceived fatigue.63,178 This area is thought to be 
involved in effort-related cost-benefit analysis.94 
 
Muscle fatigability and maximal force 
Muscle fatigability is task and muscle dependent.61 The association with 
perceived fatigue may therefore change depending on the muscle (group) that is 
fatigued or the performed task. However, a previous study using repeated index  
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Table 3 Associations with fatigue questionnaires 

Dependent 

variable 

Independent 

variables 

R2 P P 

change 

Partial 

r 

Stand.

 

P 

FSS 1. 0.16 <0.001     

 HADS depression    0.40 0.40 <0.001 

 2. 0.34 <0.001 <0.001    

 HADS depression    0.43 0.39 <0.001 

 Muscle fatigability    0.44 0.42 <0.001 

 MVC    -0.27 -0.24 0.015 

 3. 0.40 <0.001 0.005    

 HADS depression    0.45 0.39 <0.001 

 Muscle fatigability    0.45 0.40 <0.001 

 MVC    -0.14 -0.13 0.218 

 Sex    0.32 0.28 0.005 

        

MFIS 1. 0.29 <0.001     

physical HADS depression    0.54 0.54 <0.001 

 2. 0.48 <0.001 <0.001    

 HADS depression    0.59 0.52 <0.001 

 Muscle fatigability    0.49 0.42 <0.001 

 MVC    -0.38 -0.31 <0.001 

        

MFIS 1. 0.38 <0.001     

cognitive HADS depression    0.62 0.62 <0.001 

Model summaries and partial correlations for multivariable regression analyses. FSS, Fatigue 
Severity Scale; MFIS, Modified Fatigue Impact Scale; HADS, Hospital Anxiety and Depression 
Scale; MVC, maximal voluntary contraction. 
 
finger abductions of 40 s at 30% MVC followed by 5 s MVC and 5 s rest, 
demonstrated similar findings (Chapter 6). However, when leg muscles are 
targeted, it is possible that deconditioning will confound muscle fatigability. 

In control subjects, stronger subjects generally show a larger force decline 98. 
In MS patients, a positive relationship between maximal force and muscle 
fatigability was found in some studies (present data,196,202), but not in others.185 
This relation will also affect the association between perceived fatigue, and 
fatigability and depression scores. It is therefore important to include MVC 
values in models using fatigability to predict perceived fatigue. 
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Effects of medication on fatigue 
The immune-modulating medication (i.e. interferons, copaxone), did not affect 
perceived fatigue in the MS patients, even though studies specify perception of 
fatigue as a possible side-effect.55 Patients using fatigue-modulating medications 
– mostly medication to combat symptoms of MS such as spasticity or pain - 
scored higher on the FSS questionnaire. However, our model for perceived 
fatigue was not affected by inclusion of medication use. 
 
Fatigue questionnaires 
Both FSS and MFIS physical did associate with fatigability and depression. FSS 
was, however, also associated with sex whereas MFIS physical was associated 
with MVC. This result most likely reflects the interaction between fatigability, 
MVC and sex. The multidimensional nature of fatigue, and the focus of the 
questionnaires on different aspects of perceived fatigue probably also contribute 
to variation in the amount of perceived fatigue that is explained by fatigability and 
depression scores.66,114 The observation that muscle fatigability is associated 
with MFIS physical, but not with MFIS cognitive, supports the notion that muscle 
fatigability is associated with the perception of physical fatigue. This is in 
accordance with a previous study involving a cognitive-motor dual-task, where 
we found an association of the MFIS cognitive with a decrease in cognitive 
performance, and of FSS with fatigability measures (Chapter 6). 

 
Conclusions and future recommendations 
The main finding of the present study is the observation that a combination of 
physiological (muscle fatigability) and psychological (HADS depression scores) 
measures were better in explaining variation in MS-related fatigue than each 
single parameter. The fact that both depression and fatigability are associated 
with perceived fatigue, and complement each other, confirms the 
multidimensional nature of fatigue and suggests that a combination of constructs 
is necessary to explain MS-related fatigue. We further hypothesize that the 
association between muscle fatigability and perceived fatigue might reflect 
activity changes in areas involved in cost-benefit trade-offs, suggesting a role for 
more effortful tasks in future research. Although this study has a cross-sectional 
nature and no causal relation can be established from our data, it supports the 
need for well-controlled exercise training programs as possible treatment for MS-
related fatigue.157 Furthermore, it is likely that a combination of treatments would 
be more successful to combat feelings of fatigue in MS patients. 
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