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A B S T R A C T   

Background: Fatigue is among the most prevalent symptoms for people with multiple sclerosis (pwMS) and is 
significantly detrimental to mental health-related (mental) quality of life (QoL). We examined the role of 
depression and physical activity as mediators in the fatigue-QoL relationship in pwMS. 
Methods: Using baseline cross-sectional data from an international cohort of 2,104 pwMS, characteristics of fa-
tigue and mental QoL, measured by Fatigue Severity Scale and MSQOL-54 respectively, were assessed using 
linear and log-binomial regression. Structural Equation Models (SEM) were used to explore the mediating roles of 
depression and physical activity between fatigue and mental QoL. 
Results: The median mental QoL score was 71.9/100. The mean fatigue score was 41.5/63, with 65.6% partic-
ipants having clinically significant fatigue. In the SEM evaluating depression as a mediator of the fatigue-QoL 
relationship, mental QoL was 14.72 points lower (95% CI: -16.43 -13.01, p<0.001) in participants with clini-
cally significant fatigue, of which depression accounted for 53.0% (-7.80, 95% CI: -9.03 -6.57, p<0.001). In the 
SEM evaluating physical activity as a mediator of the fatigue-QoL relationship, mental QoL was 10.89 points 
lower (95% CI: -12.47, -9.32, p<0.001) in participants with clinically significant fatigue, of which the indirect 
effect via physical activity accounted for only 4.4% (-0.48, 95% CI: -0.81, -0.14, p=0.005). 
Conclusion: Depression accounted for the majority of the fatigue-mental QoL relationship when modelled as a 
mediator, while physical activity had only a minor role. Our findings may inform the development of treatments 
for reducing the impacts of fatigue and improving mental QoL in pwMS.   

1. Introduction 

Multiple sclerosis (MS) is a chronic illness of the central nervous 
system affecting nearly 2.5 million people worldwide, and over 25,000 
people in Australia (Koriem, 2016). Symptoms are varied and may 
include sensory, motor and cognitive impairments, fatigue, and 
depression, among others, all of which can impact daily living leading to 
reduced quality of life (QoL) (Patti and Pappalardo, 2010). 

Of the many symptoms of MS, fatigue is often one of the earliest 
experienced (Fisk et al., 1994), and is the most prevalent, affecting over 
65% of people with MS (pwMS) (Rooney et al., 2019). Fatigue can cause 
debilitating tiredness and lethargy after minimal physical or mental 
strain, meaning everyday activities require continual planning and 

pacing. This has wide-reaching impacts on employment, social 
engagement, family life, and physical and psychological health (Des-
borough et al., 2020). Current treatment options for fatigue are limited 
and have varying degrees of efficacy and side-effects, with none repre-
senting a long-term solution (Braley and Chervin, 2010). Diet, supple-
ments and modification of lifestyle factors such as exercise may 
potentially attenuate the symptoms of fatigue (Bisht et al., 2015; 
Razazian et al., 2020; Sanoobar et al., 2016); however, the current 
research is inconclusive and requires further large-scale research to 
substantiate. 

Numerous studies have shown fatigue predicts lower QoL in pwMS. 
A cross-sectional US study of pwMS reported clinically significant fa-
tigue was associated with 14% mean reduction in QoL scores (Garg 
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et al., 2016); similar observations have been shown in European and 
Asian MS populations (Nagaraj et al., 2013; Papuć and Stelmasiak, 
2012). However, there is limited understanding of the factors that may 
mediate this relationship, with the existing research into the intercor-
relation of QoL and the symptoms of MS inconsistent and inadequately 
conducted (Salehpoor et al., 2014). Of the factors that may mediate this 
relationship, depression is one of the most plausible, given its estab-
lished correlation with fatigue and QoL in pwMS (Berrigan et al., 2016; 
Garg et al., 2016; Patrick et al., 2009). Numerous physiological and 
psychological pathways provide potential mechanisms that may explain 
this relationship (Gold et al., 2011; Solaro et al., 2018), as discussed 
later. Physical activity levels provide another potential intermediary 
between fatigue and QoL, with fatigue likely to reduce the ability and 
motivation of pwMS to perform physical activity to levels associated 
with benefits to QoL (Afkar et al., 2017), mental health, and disease 
progression (Barry et al., 2016; Motl and Pilutti, 2012). Examination of 
these mediators may provide insight to potential points of intervention, 
and inform the development of better treatment pathways for improving 
QoL in pwMS. 

Structural equation modelling (SEM) was used to model this medi-
ation, enabling the analysis of inter-dependent relationships (Weston 
and Gore Jr, 2006). This allows comparison of direct and indirect 
(mediated) associations to assess the potency of mediators. Using SEM 
analysis, our primary objective was to examine the extent to which 
depression and physical activity mediate the association between fa-
tigue and mental health-related (mental) QoL in a large international 
cohort of pwMS. Our secondary objectives were to examine the extent to 
which these factors mediate fatigue’s relationships with subdomains of 
mental QoL. 

2. Methods 

2.1. Study design and participants 

The Health Outcomes and Lifestyle In a Sample of people with 
Multiple sclerosis (HOLISM) study is an online longitudinal observa-
tional cohort study that captures self-reported health, lifestyle and 
outcome data at 2.5 year intervals from an international cohort of pwMS 
(Hadgkiss et al., 2013). A total of 2,466 pwMS aged 18 years and older 
completed the baseline HOLISM survey that was used in our analyses. 

2.2. Outcome measure 

2.2.1. Mental quality of life 
Mental QoL was assessed using the MSQoL-54 instrument (Vickrey 

et al., 1995), a component of which is the Mental Health Composite 
Score (MHCS), the primary outcome in this study. The MHCS is scored 
from 0 to 100, and is a weighted combination of five subscores as per the 
MSQoL-54 guidelines: health distress, emotional wellbeing, overall QoL, 
role limitations from emotional issues (role limitations), and cognitive 
function; these were assessed as secondary outcomes. 

2.2.2. Exposure and mediators 
Fatigue was the primary determinant of the MHCS outcome, and was 

assessed using the Fatigue Severity Scale (FSS), comprising nine fatigue- 
related questions. Clinically significant fatigue was defined as a mean 
FSS>5 out of 9. Krupp et al. (1989). Physical activity and depression 
were selected as mediators of QoL based on prior literature (Motl and 
Gosney, 2008; Solaro et al., 2018). Physical activity was assessed by 
International Physical Activity Questionnaire (IPAQ), which assesses 
Metabolic Equivalent Tasks (METs) minutes per week, these categorised 
into ‘inactive’, ‘minimally active’ and ‘active’ categories as per IPAQ 
guidelines (IPAQ Research Committee, 2005). Risk of depression was 
assessed using the Patient Health Questionnaire-2 (PHQ-2), a six ques-
tion instrument where scores are summated, a total score >2 indicating 
depression risk (Kroenke et al., 2003). 

2.2.3. Additional model covariates 
Alcohol intake was queried as frequency and number of drinks per 

session, then aggregated to estimate average grams of alcohol/ day. These 
were then categorised into none, limited (1 standard drink/day for fe-
males, 2 standard drinks/day for males), and heavy (>1 standard drink/ 
day for females, >2 standard drinks/day for males) intake, according to 
World Health Organisation (WHO) guidelines (World Health Organisa-
tion, 2000). Smoking status was queried as never, ex-, and current smoker. 
Body mass index (BMI) was calculated from self-reported height (m) and 
weight (kg) by the function weight/height2, and categorised according to 
WHO guidelines of underweight, normal, overweight, and obese. 

Number of doctor-diagnosed relapses in the preceding 12 months 
was queried. Disability was measured using the Patient-Determined 
Disease Steps (PDDS) (Hohol et al., 1995) and categorised into nor-
mal/mild (0-3), moderate (>3-6), and severe (>6) disability. Number of 
treated comorbidities was queried using the Self-Administered Comor-
bidity Questionnaire (SCQ) (Sangha et al., 2003), then categorised as 0-1 
or ≥2. Participants were also queried as to whether they were experi-
encing ongoing symptoms from a relapse in the preceding 30 days. 
Prescription medication use, including immunomodulatory medications 
and antidepressant medication, were queried. 

Highest education obtained was categorised into having a university 
degree or not. Employment status was categorised into currently 
employed (full-time, part-time or casual work) or unemployed 
(including studying, home duties, and retired). The number of people in 
the participant’s support network was queried as the number of people 
who could be readily counted on for help in times of difficulty, this 
categorised into 0-1 or ≥2. 

As exogeneous variables were more suitable in binary form for SEM 
analysis, BMI was categorised as obese yes/no, PDDS as severe disability 
yes/no, presence of treated comorbidities as yes/no, support network as 
0-1/≥2 people, and any relapses in the preceding 12 months as yes/no 
for inclusion in SEM analyses. 

2.3. Analysis 

Summary statistics were produced for participant demographics, 
clinical measures and health outcomes. Skewed variables were log- 
transformed where appropriate. 

SEM (Weston and Gore Jr, 2006) was used to model the complex and 
interconnected influences of outcomes and mediators and to assess 
direct and indirect effects in our model. To construct models for SEM 
analysis, causal diagrams hypothesised a priori from literature review 
were initially formed for the mediation of fatigue and MHCS by physical 
activity and depression. The associations between the initial model 
variables and MHCS were also examined via linear regression, using 
both univariable and multivariable analysis adjusting for age, sex, MS 
type, PDDS, immunomodulatory medication use, treated comorbidity 
number, ongoing symptoms from recent relapse, and PHQ-2. The asso-
ciations between the variables in the initial models and fatigue were 
examined via log-binomial regression, adjusting for age, sex, MS type, 
ongoing symptoms from recent relapse, and PDDS. 

SEM models were iteratively tested, and presented with measures of 
association, percentage of total association (Shrout and Bolger, 2002; 
Woody, 2011), 95% confidence intervals (CI), and p-values produced for 
the direct, indirect, and total association of fatigue with MHCS. Fit 
statistics produced by SEM analysis were used to examine the goodness 
of fit of the models constructed. The chi-squared (χ2) test was used to 
compare the proposed model to a saturated model; the root mean square 
error of approximation (RMSEA) used to test the difference between the 
sample data and the expected results if the model was accurate; and the 
comparative fit index (CFI) used to compare the proposed model to a 
base model that assumes no association between variables (Hooper 
et al., 2008). Acceptable model fits have p-value ≥0.05 for the χ2 test, 
RMSEA≤0.05, and CFI≥0.95 (Acock, 2013; Hooper et al., 2008). These 
models were replicated and tested with each of the subscores of MHCS as 
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the outcome variable. This enabled comparison of the proportion of 
mediation between each of the subscores. 

Analyses were performed using STATA/SE, version 16 (StataCorp, 
College Station, Texas, USA). 

3. Results 

3.1. Participant characteristics 

Response to FSS and MHCS were available for 2,104/2,466 (85.3%) 
participants. Analysis of participant characteristics (Table 1) revealed no 
differences between participants with or without FSS and MHCS data 
that would suggest bias. Participants were majority female (82.5%) with 
mean age of 45.75.7 years. Across all participants, median MHCS was 

72, clinically significant fatigue was reported by 65.6%, and 19.1% were 
at high risk of depression. 

3.2. Characteristics of clinically significant fatigue 

Positive depression risk, having relapses in previous 12 months, se-
vere PDDS, obese BMI, and smoking were positively associated with 
clinically significant fatigue, while physical activity and education were 
negatively associated. No independent associations were found for age, 
sex, alcohol intake, or MS type (Table 2). 

3.3. Characteristics of mental QoL 

Fatigue, depression risk, number of relapses, PDDS, employment 
status, emoloyment , and smoking were negatively associated with 
MHCS (Table 3), while physical activity, age, and education were 
positively associated. No independent associations were found between 
sex, obese BMI, alcohol intake, or MS type and MHCS. 

3.4. SEM–mediation of mental QoL via depression 

From the SEM where clinical fatigue and MHCS were mediated by 
depression (Fig. 1), MHCS was 14.72 points lower in participants with 
clinically significant fatigue compared to those without (95% CI: -16.43 
to -13.01, p<0.001; Table 4). The estimated indirect effect mediated by 
depression accounted for 53.0% (-7.80, 95% CI: -9.03 to -6.57, 
p<0.001). All fit statistics fell well within the expected parameters 
(Supplementary Table 1). 

Significant associations were found for mediation by depression in 
models for all the MHCS subdomains. Depression mediated the greatest 
proportion in the model mediating fatigue and the emotional wellbeing 
subscore, with the indirect path accounting for 75.1% (-7.04, 95% CI: 
-8.16 to -5.91, p<0.001) of the total path (–9.37, 95% CI: -11.00 to 
-7.75, p<0.001). This was followed by the role limitations subscore 
model, where depression mediated 70.5% (-12.36, 95% CI: -14.47 to 
-10.25, p<0.001) of the total association (-17.54, 95% CI: -21.29 to 
-13.78, p<0.001). In the overall QoL subscore model, depression 
mediated 44.5% (-5.55, 95% CI: -6.49 to -4.62, p<0.001) of the total 
association (-12.48, 95% CI: -14.06 to -10.90, p<0.001). In the health 
distress subscore model, depression mediated 33.5% (-6.78, 95% CI: 
-7.97 to -5.59, p<0.001) of the total association (-20.26, 95% CI: -22.50 
to -18.02, p<0.001). Depression mediated the least proportion in the 
cognitive function subscore model, with the indirect path accounting for 
31.2% (-5.64, 95% CI: -6.71 to -4.58, p<0.001) of the total association 
(-18.07, 95% CI: -20.33 to -15.81, p<0.001). 

The χ2 fit statistics for the health distress, overall QoL, emotional 
wellbeing and cognitive function subdomain models were outside the 
acceptable range (Supplementary Table 1); however, minimal changes 
in statistical significance or effect size were observed when compared to 
models altered to provide best fit (Supplementary Table 3). 

3.5. SEM–mediation of mental QoL via physical activity 

From the SEM where clinically significant fatigue and MHCS were 
mediated by physical activity (Fig. 2), MHCS was 10.89 points lower in 
participants with clinically significant fatigue compared to those 
without (95% CI: –12.47 to -9.32, p<0.001; Table 4). The estimated 
direct effect of fatigue on MHCS (-10.42, 95% CI: -12.02 to -8.81, 
p<0.001) accounted for 95.7%, and 4.4% by the indirect path mediated 
by physical activity (-0.48, 95% CI: -0.81 to -0.14, p=0.005). The SEM 
showed good fit, with all fit statistics falling within the expected pa-
rameters (Supplementary Table 2). 

Of the MHCS subdomains, significant associations were found for 
overall QoL, health distress, and mental wellbeing. Physical activity 
mediated the greatest proportion in the model mediating fatigue and the 
overall QoL subscore, with the indirect path accounting for 11.9% 

Table 1 
Participant characteristics.   

Whole Cohort Analysis Cohort†

(N=2466) (n=2104) 

Mental QoL (MHCS) median (IQR) 71.9 (32.9) 72.4 (32.2) 
Clinically significant fatigue (FSS>5)   
No 1403 (65.6%) 1380 (65.6%) 
Yes 735 (34.4%) 724 (34.4%) 
(Missing) 328 (15.3%) 0 (0.0%) 
Physical activity levels (IPAQ)   
Inactive 747 (35.1%) 699 (35.1%) 
Minimally active 850 (39.9%) 802 (40.2%) 
Active 533 (25.0%) 493 (24.7%) 
(Missing) 336 (15.8%) 110 (5.2%) 
Depression risk (PHQ-2)   
No 1799 (80.9%) 1693 (80.9%) 
Yes 425 (19.1%) 400 (19.1%) 
(Missing) 242 (10.9%) 11 (0.5%) 
Age, years mean (SD) 45.7 (10.5) 45.6 (10.5) 
Sex   
Male 415 (17.5%) 372 (17.7%) 
Female 1950 (82.5%) 1728 (82.3%) 
(Missing) 101 (4.3%) 4 (0.2%) 
BMI   
Underweight 103 (4.2%) 82 (3.9%) 
Normal 1293 (53.1%) 1110 (53.1%) 
Overweight 556 (22.9%) 486 (23.2%) 
Obese 481 (19.8%) 413 (19.8%) 
(Missing) 33 (1.4%) 13 (0.5%) 
MS type   
Benign/relapse remitting 1591 (76.2%) 1386 (76.4%) 
Progressive 498 (23.8%) 427 (23.6%) 
(Missing) 377 (18.0%) 291 (13.9%) 
Any treated comorbidities   
No 856 (34.7%) 704 (33.5%) 
Yes 1610 (65.3%) 1400 (66.5%) 
Alcohol intake   
None 994 (44.2%) 899 (43.6%) 
Limited 970 (43.1%) 898 (43.5%) 
Heavy 286 (12.7%) 266 (12.9%) 
(Missing) 216 (9.6%) 41 (1.8%) 
Smoking   
Never smoker 1099 (48.0%) 1008 (48.1%) 
Ex-smoker 908 (39.7%) 832 (39.7%) 
Current smoker 281 (12.3%) 257 (12.3%) 
(Missing) 178 (7.8%) 7 (0.3%) 
University education   
No 999 (40.7%) 838 (40.0%) 
Yes 1453 (59.3%) 1257 (60.0%) 
(Missing) 14 (0.6%) 9 (0.4%) 
Employment   
Employed 1354 (55.2%) 1169 (55.7%) 
Unemployed 1100 (44.8%) 928 (44.3%) 
(Missing) 12 (0.5%) 7 (0.3%)  

† Analysis cohort is participants that provided data for FSS and MHCS meas-
uresAbbreviations: BMI, Body Mass Index; IPAQ, International Physical Activity 
Questionnaire; FSS, Fatigue Severity Scale; MHCS, Mental Health Composite 
Score; QoL, Quality of Life; PHQ-2, Patient Health Questionnaire.Results pre-
sented as n (%) unless stated otherwise. 
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(-1.10, 95% CI: -1.51 to -0.70, p<0.001) of the total path (-9.24, 95% CI: 
-10.79 to –7.69, p<0.001). In the emotional wellbeing subscore, phys-
ical activity mediated 10.3% (-0.60, 95% CI: -0.94 to -0.26, p<0.001) of 
the total path (-5.82, 95% CI: -7.37 to -4.28, p<0.001). In the health 
distress subscore, physical activity mediated 4.8% (-0.81, 95% CI: -1.31 
to -0.31, p=0.002) of the total association (-17.02, 95% CI: -19.32 to 
-14.72, p<0.001). No significant associations were found for cognitive 
function (p=0.39) or role limitations (p=0.80). 

Model fit was acceptable in all subdomain models except overall QoL 
and cognitive function (Supplementary Table 2). However, minimal 
changes in statistical significance or effect size were observed when 
compared to models altered to provide best fit (Supplementary Table 3). 

4. Discussion 

Our findings show while physical activity plays only a minimal role 
in mediating fatigue and MHCS and any of its subdomains in pwMS, 
depression risk is a potent mediator, accounting for over half of the total 
association between fatigue and MHCS. Furthermore, depression 
significantly mediated fatigue and each of the MHCS subscores, adding 
to the weight of our findings. 

4.1. Depression as a mediator of mental QoL 

The lifetime prevalence of depression in pwMS in samples from 

clinics and surveys of MS communities is approximately 40-50% 
(Chwastiak et al., 2002; Siegert and Abernethy, 2005), and even higher 
among those with clinically significant fatigue. A cross-sectional study of 
89 pwMS found mean depression risk scores, assessed by self-reported 
Beck Depression Inventory-Fast Screen, were 56% higher in those with 
clinically significant fatigue (Garg et al., 2016). Positive correlations 
between fatigue and depression have also been found in longitudinal 
settings (Brown et al., 2009; Patrick et al., 2009). While examination of 
the mediators of the fatigue-QoL relationship using SEM is novel, our 
results are in line with previous studies that have examined mediator 
relationships of a similar nature. In a cross-sectional study of 108 pwMS 
that used path analysis, depression was found to mediate the association 
between the mental QoL (assessed using SF-36) and fatigue (Fernán-
dez-Muñoz et al., 2018). A Canadian cross-sectional study of 189 pwMS 
from MS clinics found depressive symptoms, in combination with gen-
eral health perceptions and physical function, mediated 56% of the total 
association between fatigue and illness intrusiveness (Bouchard et al., 
2017), a measure that correlates well with QoL (Devins, 2010; Sha-
waryn et al., 2002). A larger study among 949 pwMS showed a combi-
nation of fatigue and anxiety mediated 44% of the total association 
between depression and health-related QoL, measured using the 
patient-reported Health Utilities Index (Berrigan et al., 2016). These 
findings of the mediatory role of fatigue as a QoL predictor provide 
strong external validity of our study. 

The mechanisms by which fatigue, depression and mental QoL 

Table 2 
Characteristics of fatigue (univariable and multivariable regression).   

Unadjusted Adjusted†

Prevalence Ratio [95% CI] p-value Prevalence Ratio [95% CI] p-value 

Depression risk (PHQ-2)     
No 1.00 [Ref]  1.00 [Ref]  
Yes 1.57 [1.40, 1.77] p<0.001 1.43 [1.26, 1.62] p<0.001 
Physical activity levels (IPAQ)     
Inactive/minimally active 1.00 [Ref]  1.00 [Ref]  
Active 0.69 [0.60, 0.80] p<0.001 0.80 [0.69, 0.92] p¼0.002 
Sex     
Male 1.00 [Ref]  1.00 [Ref]  
Female 1.10 [0.95, 1.26] p=0.21 1.14 [0.98, 1.32] p=0.085 
Age 1.01 [1.00, 1.01] p¼0.003 1.00 [0.99, 1.01] p=1.00 
Any relapses in past 12m‡

No 1.00 [Ref]  1.00 [Ref]  
Yes 1.20 [1.07, 1.33] p ¼ 0.001 1.16 [1.02, 1.31] p=0.023 
Disability (PDDS)     
Normal to moderate disability 1.00 [Ref]  1.00 [Ref]  
Severe disability 1.23 [1.05, 1.45] p¼0.012 1.51 [1.23, 1.85] p<0.001 
Obese BMI     
No 1.00 [Ref]  1.00 [Ref]  
Yes 1.29 [1.14, 1.46] p<0.001 1.23 [1.08, 1.39] p¼0.002 
Alcohol intake     
None/limited 1.00 [Ref]  1.00 [Ref]  
Heavy 0.89 [0.75, 1.05] p=0.16 0.90 [0.76, 1.07] p=0.24 
Current smoker     
No 1.00 [Ref]  1.00 [Ref]  
Yes 1.28 [1.11, 1.49] p<0.001 1.20 [1.03, 1.39] p¼0.021 
Employment     
Employed 1.00 [Ref]  1.00 [Ref]  
Unemployed 1.33 [1.20, 1.48] p<0.001 1.16 [1.03, 1.30] p¼0.014 
University education     
No 1.00 [Ref]  1.00 [Ref]  
Yes 0.81 [0.72, 0.91] p<0.001 0.86 [0.76, 0.97] p¼0.012 
MS type     
Benign/relapse remitting 1.00 [Ref]  1.00 [Ref]  
Progressive 1.35 [1.19, 1.53] p<0.001 1.09 [0.77, 1.53] p=0.63 
Members in support network     
1 or less 1.00 [Ref]  1.00 [Ref]  
2 or more 0.90 [0.80, 1.02] p=0.093 0.93 [0.82, 1.05] p=0.22 

Results of log-binomial regression for the characteristics of clinically significant fatigue (FSS>5) 
† Adjusted for age, sex, MS type, ongoing symptoms from recent relapse and PDDS 
‡ Doctor diagnosed relapses in previous 12 monthsAbbreviations: BMI, Body Mass Index; IPAQ, International Physical Activity Questionnaire; FSS, Fatigue Severity 

Scale; MHCS, Mental Health Composite Score; PHQ-2, Patient Health Questionnaire. 
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interact are complex, entailing both psychological elements as well as 
pathophysiological processes. The symptoms of depression, as reflected 
in questionnaire responses in our study through a worsened outlook on 
life, contribute to lower QoL scores. Hyperactivity of the hypothalamic- 
pituitary-adrenal (HPA) axis has been observed at high rates in pwMS 
(Ysrraelit et al., 2008), and is well understood to be present in depres-
sion (Pariante and Lightman, 2008; Solaro et al., 2018). Changes to the 
proliferation of T-cells and production of proinflammatory cytokines as 
a result of MS are associated with both fatigue and depression (Gold 
et al., 2011). Brain atrophy caused by MS may provide further expla-
nation of the association of fatigue and depression, with atrophy of the 
frontal, parietal and occipital lobes associated with fatigue and depres-
sion in MS (Gobbi et al., 2014). 

4.2. Physical activity as a mediator of mental QoL 

Physical activity accounted for little of the total relationship between 
fatigue and MHCS, or its subdomains, in our study participants. These 
findings were unexpected given the interconnected nature of fatigue, 

physical activity, and QoL in pwMS. Elements of fatigue include 
increased physical discomfort and need for rest, reduced motivation to 
perform physical tasks, and difficulty in maintaining physical effort 
(Fisk et al., 1994) which would likely decrease physical activity levels. A 
2017 systematic review of 11 clinical trials found an overall benefit of 
exercise therapy on mental QoL (Afkar et al., 2017). 

Few studies have assessed the intermediary role of physical activity 
between fatigue and QoL. In a prospective study of 189 pwMS, increases 
in physical activity (measured using both the Godin Leisure-Time Ex-
ercise Questionnaire and an accelerometer worn over seven days) were 
associated with decreases in fatigue, which in turn were associated with 
increases in overall QoL, measured via a combination of the Leeds 
Multiple Sclerosis Quality of Life scale and the Satisfaction With Life 
Scale. The researchers concluded possible improvements to overall QoL 
from increased physical activity through indirect associations via fatigue 
(Motl and McAuley, 2009). As we assessed only mental QoL, it may be 
that there is a stronger relationship of physical activity on physical QoL, 
and therefore overall QoL. 

Table 3 
Characteristics of MHCS (univariable and multivariable regression).   

Unadjusted Adjusted†

β [95% CI] p-value β [95% CI] p-value 

Clinically significant fatigue (FSS>5)     
No 0.00 [Ref]  0.00 [Ref]  
Yes -19.93 [-21.63, -18.23] p<0.001 -10.47 [-11.95, -8.99] p<0.001 
Depression risk (PHQ-2)     
No 0.00 [Ref]  0.00 [Ref]  
Yes -33.66 [-35.46, -31.86] p<0.001 -26.92 [-28.72, -25.12] p<0.001 
Physical activity levels (IPAQ)     
Inactive/minimally active 0.00 [Ref]  0.00 [Ref]  
Active 6.34 [4.22, 8.46] p<0.001 1.98 [0.37, 3.58] p¼0.016 
Sex     
Male 0.00 [Ref]  0.00 [Ref]  
Female -0.08 [-2.46, 2.29] p=0.94 0.81 [-0.93, 2.56] p=0.36 
Age 0.09 [0.01, 0.18] p¼0.032 0.30 [0.23, 0.38] p<0.001 
MS type     
Non-Progressive MS 0.00 [Ref]  0.00 [Ref]  
Progressive -5.16 [-7.44, -2.87] p<0.001 0.30 [-4.44, 5.05] p=0.90 
Any relapses in past 12m‡

No 0.00 [Ref]  0.00 [Ref]  
Yes -8.97 [-10.81, -7.12] p<0.001 -4.24 [-5.68, -2.81] p<0.001 
Disability (PDDS)     
Normal to moderate disability 0.00 [Ref]  0.00 [Ref]  
Severe disability -5.68 [-8.69, -2.67] p<0.001 -7.75 [-10.43, -5.07] p<0.001 
Obese BMI     
No 0.00 [Ref]  0.00 [Ref]  
Yes -7.34 [-9.59, -5.09] p<0.001 -0.73 [-2.45, 0.99] p=0.403 
Alcohol intake     
None/limited 0.00 [Ref]  0.00 [Ref]  
Heavy 2.42 [-0.31, 5.14] p=0.082 -0.03 [-2.02, 1.96] p=0.98 
Current smoker     
No 0.00 [Ref]  0.00 [Ref]  
Yes -13.63 [-16.33, -10.93] p<0.001 -3.64 [-5.70, -1.58] p<0.001 
Employment     
Employed 0.00 [Ref]  0.00 [Ref]  
Unemployed -8.83 [-10.61, -7.04] p<0.001 -3.18 [-4.64, -1.72] p<0.001 
University education     
No 0.00 [Ref]  0.00 [Ref]  
Yes 6.21 [4.11, 8.31] p<0.001 2.16 [0.60, 3.71] p¼0.007 
MS type     
Benign/relapse remitting 0.00 [Ref]  0.00 [Ref]  
Progressive -5.16 [-7.44, -2.87] p<0.001 0.30 [-4.44, 5.05] p=0.90 
Members in support network     
1 or less 0.00 [Ref]  0.00 [Ref]  
2 or more 8.17 [6.14, 10.20] p<0.001 3.41 [1.90, 4.92] p<0.001 

Results of linear regression for the predictors of Mental Health Composite Score from (MHCS) from MSQOL-54 
† Adjusted for duration since onset, sex, age, MS Type, PDDS, immunomodulatory medication, number of treated comorbidities, and depression risk. 
‡ Number of doctor diagnosed relapses in previous 12 monthsAbbreviations: BMI, Body Mass Index; IPAQ, International Physical Activity Questionnaire; FSS, 

Fatigue Severity Scale; MHCS, Mental Health Composite Score; MSQOL-54, Multiple Sclerosis Quality of Life-54; PHQ-2, Patient Health Questionnaire. 
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4.3. Strengths and limitations 

This analysis is strengthened by its large sample size, with nearly 
2,500 participants from a large range of countries, all forms of MS, and a 

wide range of ages, demonstrating good generalisability of these results. 
While our cohort is affected by healthy participant bias, as well as 
comprising a more educated and potentially higher socioeconomic sta-
tus sample from predominantly English-speaking countries, our cohort is 

Table 4 
SEM associations of fatigue with MHCS and subscores with depression and physical activity as mediators.    

Depression Risk† Physical Activity‡

Measure 95% CI p–value Measure 95% CI p-value 

MHCS Indirect -7.80 (53.0%) [-9.03, -6.57] p<0.001 -0.48 (4.4%) [-0.81, -0.14] p=0.005  
Direct -6.92 (47.0%) [-8.23, -5.61] p<0.001 -10.42 (95.7%) [-12.02, -8.81] p<0.001  
Total -14.72 (100%) [-16.43, -13.01] p<0.001 -10.89 (100%) [-12.47, -9.32] p<0.001 

Subscores:        
Health distress Indirect -6.78 (33.5%) [-7.97, -5.59] p<0.001 -0.81 (4.8%) [-1.31, -0.31] p=0.002  

Direct -13.47 (66.5%) [-15.57, -11.37] p<0.001 -16.21 (95.2%) [-18.56, -13.87] p<0.001  
Total -20.26 (100%) [-22.50, -18.02] p<0.001 -17.02 (100%) [-19.32, -14.72] p<0.001 

Overall QoL Indirect -5.55 (44.5%) [-6.49, -4.62] p<0.001 -1.10 (11.9%) [-1.51, -0.70] p<0.001  
Direct -6.93 (55.5%) [-8.34, -5.51] p<0.001 -8.14 (88.1%) [-9.70, -6.58] p<0.001  
Total -12.48 (100%) [-14.06, -10.90] p<0.001 -9.24 (100%) [-10.79, -7.69] p<0.001 

Emotional wellbeing Indirect -7.04 (75.1%) [-8.16, -5.91] p<0.001 -0.60 (10.3%) [-0.94, -0.26] p<0.001  
Direct -2.34 (25.0%) [-3.64, -1.04] p<0.001 -5.23 (89.9%) [-6.80, -3.65] p<0.001  
Total -9.37 (100%) [-11.00, -7.75] p<0.001 -5.82 (100%) [-7.37, -4.28] p<0.001 

Role limitations§ Indirect -12.36 (70.5%) [-14.47, -10.25] p<0.001 -0.10 (0.8%) [-0.84, 0.65] p=0.80  
Direct -5.17 (29.5%) [-8.61, -1.74] p=0.003 -11.90 (99.2%) [-15.68, -8.13] p<0.001  
Total -17.54 (100%) [-21.29, -13.78] p<0.001 -12.00 (100%) [-15.70, -8.30] p<0.001 

Cognitive function Indirect -5.64 (31.2%) [-6.71, -4.58] p<0.001 0.21 (-1.4%) [-0.26, 0.68] p=0.39  
Direct -12.43 (68.8%) [-14.63, -10.22] p<0.001 -15.39 (101.4%)¶ [-17.75, -13.04] p<0.001  
Total -18.07 (100%) [-20.33, -15.81] p<0.001 -15.18 (100%) [-17.49, -12.88] p<0.001  

† Results of model in Fig. 1. 
‡ Results of model in Fig. 2. 
§ Role limitations due to emotional issue. 
¶ Direct proportion >100% and indirect proportion <0% due to large uncertainty in resultsAbbreviations: MHCS, Mental Health Composite Score. 

Fig. 1. Structural Equation Model for the mediation of depression in the association between clinical fatigue and MHCS. Physical activity is categorised as active or 
inactive/minimally active. BMI is categorised as obese yes/no, PDDS as severe disability yes/no, presence of treated comorbidities yes/no, social support network as 
0-1/≥2 people, and any relapses in the last 12 months yes/no. 
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typical of other MS cohorts in terms of demographic and clinical char-
acteristics (Taylor et al., 2013). The survey was administered electron-
ically, meaning people with visual or motor impairments would have 
been less able to participate, as well as potentially biasing toward 
younger and higher socioeconomic status people with greater access to 
technology. All measures were self-reported questionnaire items 
without objective measures for validation, meaning there is the poten-
tial for measurement error. However, validated tools have been used to 
obtain data for the key measures described here, including the FSS, 
MSQoL-54, and PHQ-2, each of which have been found to have good 
validity and reliability against clinical assessments. The use of only a 
subjective measure of physical activity is a limitation of this study, with 
the difficulties of obtaining accurate measures of physical activity levels 
from questionnaires well-documented (Martins et al., 2017; Sylvia et al., 
2014). Though widely used, the IPAQ measure has moderate to low 
validity and reliability, and can systematically bias toward underesti-
mation at higher levels of physical activity compared to objective 
measures(Maddison et al., 2007). Diagnosed depression was not 
assessed directly in the questionnaire; however, the PHQ-2 was used to 
screen risk of depression, and has been shown to be a good tool for 
detecting clinical depression (Arroll et al., 2010; Kroenke et al., 2003). 
Further research to validate these findings should use more direct 
measures of established depression. The cross-sectional design of this 
study means causality of associations cannot be assessed. Finally, the 
method of analysis used in this paper did not allow for the inclusion of 
multiple mediators together in a single model without significantly 
increasing the complexity of analysis due to software limitations, and so 
the magnitudes of the effect sizes cannot be directly compared between 
models. 

5. Conclusion 

Our findings of the potentially potent role of depression as a 

mediator between fatigue and the mental QoL of pwMS provides a step 
towards an understanding of the complex interaction between physical 
and mental health and improving treatment options for improving the 
QoL of pwMS. Given the lack of sustainable, efficacious treatments for 
fatigue in pwMS, our study suggests that management of QoL in MS may 
be enhanced through treatments for depression, for which numerous 
well established therapeutic, pharmaceutical and lifestyle treatments 
exist. Future research should examine this association in different co-
horts where the effect of differences in country of residence and socio-
economic factors can be observed, using objective measures where 
possible to confirm our findings, particularly for the measurement of 
physical activity levels. Prospective clinical research could examine how 
lifestyle (including physical activity) and pharmaceutical treatment of 
depression in those with poor QoL could impact fatigue, QoL ,and their 
inter-relationship. 

Ethics approval and consent to participate 

The Health Sciences Human Ethics Sub-Committee at The University 
of Melbourne provided ethical approval for the study (Ethics ID: 
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and to consent before entering the survey. 
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Fig. 2. Structural Equation Model for the mediation of physical activity in the association between clinical fatigue and MHCS. Physical activity is included as a 
continuous measure of METs/week. BMI is categorised as obese yes/no, PDDS as severe disability yes/no, presence of treated comorbidities as yes/no, social support 
network as 0-1/≥2 people, and any relapses in the last 12 months as yes/no. 
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