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Abstract 
The most common symptoms related to poor sleep quality among 
patients with multiple sclerosis (MS) are pain, depression and fatigue. 
Understanding the pathways among these symptoms is of major 
importance as it may contribute to their better management.The aim of 
the study was to describe the relations among pain, depression, poor 
sleep quality and fatigue using structural equation modelling (SEM).

The sample consisted of 152 patients with MS. Patients filled out 
the Pittsburgh Sleep Quality Index, the Hospital Anxiety and Depression 
Scale, Multidimensional Fatigue Inventory and one item of the Short 
Form-36 regarding pain. SEM was used in the analysis.

Pain (β=0.25, p<0.01) and depression (β=0.45, p<0.001) negatively 
influenced sleep quality, but the reverse relationship was also the case 
(β=0.46, p<0.001; β=0.44, p<0.001 respectively). Almost half of the effect of 
pain on sleep quality was mediated by depression (β for depression=0.21, 
p<0.001). Depression was also found to have the strongest effect on fatigue 
(β=0.59, p<0.001) and to be a significant mediator of the effect of pain 
on fatigue (β for depression=0.27, p<0.001), with the role of poor sleep 
quality being much smaller (β=0.14, p<0.05).

Pain, depression, poor sleep and fatigue are closely linked with 
each other with partially bidirectional associations. Treatment targeting 
simultaneously at multiple symptoms may therefore have added value.  
Keywords: sleep quality, depression, pain, fatigue, multiple sclerosis, 
structural equation modeling
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Introduction
Poor sleep quality has been shown to be a problem for more than half 
of the patients with multiple sclerosis (MS) (1, 2). It significantly reduces 
their quality of life and interferes with their daily activities (3). MS-related 
sleep problems have been postulated to likely have a multifactorial origin 
(4). On the one hand, they may result from centrally mediated processes, 
such as demyelination and axonal loss in the central nervous system, or 
from other neuropsychiatric symptoms of MS such as depression, pain, 
anxiety or fatigue. On the other hand the relationships of these symptoms 
with poor sleep quality may be determined in the opposite direction or 
may be bidirectional (5, 6).

Depression has been suggested to be one of the factors contributing 
to poor sleep in MS patients (1, 7, 8). A recent study by Amtmann et al. 
in an MS population evaluated the opposite direction of this relationship. 
They found that poor sleep was mediating the relationship between pain 
and depression and presented as an explanation that patients with chronic 
pain have a more problematic sleep pattern. This might consequently lead 
to depressive symptoms (5).

Pain is another symptom of MS which probably also contributes 
considerably to poor sleep in these patients (1, 5, 9). Several studies in 
MS suggested that pain may be the predictor of poor sleep, but it was not 
assessed whether the reverse, poor sleep causing more pain, also occurred 
(1, 9). More studies on this topic were conducted among healthy subjects 
and patients with other chronic diseases. For example, experimental 
research among the healthy adult volunteers showed the relationship 
between pain and sleep to be reciprocal. That is, having pain disturbs the 
sleep, whereas it is also possible that sleep deprivation worsens pain (6, 10). 
The study of Brand et al. on a non-clinical sample of young adults showed 
that pain predicted poor sleep, but not the opposite relation (11). Among 
patients with cancer the best fitting model showed that problematic sleep 
led to increased pain, and that the reciprocal models in which pain caused 
sleep problems fitted less well (12). Evidence on MS still lacks.

Fatigue is one of the most frequent symptoms reported by patients 
with MS, which is closely linked to sleep quality (1, 2, 13). The research 
exploring the relationship between both symptoms in MS has presented 
more conclusive explanations. Most studies showed that poor sleep 
quality results in or exacerbates MS-related fatigue (2, 13). A relationship 
was also found between poor sleep and fatigue measured by the Modified 
Fatigue Impact Scale independent of depression and confirmed in a 
polysomnographic study by Veauthier et al. (14).

Understanding the pathways of pain, depression, fatigue and poor 
sleep quality is of major importance as this may contribute to better 
management and treatment of these MS-related symptoms. An evaluation 
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of the independent and conjoint associations of multiple symptoms on 
sleep quality in MS patient using the modelling of pathways among 
variables has not yet been reported. Thus, the aim of our study was to 
best describe the relations among pain, depression, poor sleep quality and 
fatigue. 

In view of the previous findings in the MS population we designed 
a hypothetic model (Figure 6.1), where we proposed that pain and 
depression directly contribute to poor sleep quality. Further, poor sleep 
quality was expected to affect fatigue i.e. poorer sleep could contribute to 
a higher level of fatigue. Finally, we assumed interrelationships between 
pain, depression and fatigue. The directionality of the effects suggested by 
previous literature (15, 16) was that depression may be a consequence of 
chronic pain and contribute to higher level of fatigue (15, 17, 18). Because of 
the potentially bidirectional relationship between pain or depression and 
sleep quality, an alternative model was also tested, in which a poor sleep 
quality was supposed to affect pain and depression instead of reversely. 
The direction of the remaining pathways was then left unchanged.

Figure 6.1. Hypothesized model of the complex relationships among pain, depression, sleep 
quality and 5 dimensions of fatigue.

GF general fatigue; PF physical fatigue; RA reduced activity; RM reduced motivation; MF mental fatigue;
1 model with direction from pain or depression to sleep quality; 2 model with direction from sleep quality to pain and depression
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Materials and Methods
Sample and procedure
A total sample of 152 patients with MS diagnosed according to the 
McDonalds criteria (2010) participated in this cross-sectional study. 
Patients were recruited from the Multiple Sclerosis Unit in Kosice 
between September 2011 and November 2013. Out of 241 consecutive 
patients who were eligible for the study, 59 patients refused to participate. 
Another 29 patients, who initially agreed to participate but did not fill 
in questionnaires, were excluded. One patient was excluded because of 
a cognitive dysfunction determined by a Mini-Mental State Examination 
(MMSE) score of <24. The final sample consisted of 152 patients. The study 
was approved by the local Ethics Committee of the Faculty of Medicine, 
PJ Safarik University in Kosice and informed consent was obtained from 
each participant prior to the study.

An invitation letter, the questionnaires, a written informed consent 
form and a non-response sheet were sent by postal mail to patients 
with MS. After two weeks a trained interviewer called each patient to 
determine whether the patient agreed to participate in the study or not. 
Those who agreed were invited for a face-to-face interview enabling 
clarification of the patient’s responses and completion of missing answers 
in the questionnaires. After this interview, a neurological examination was 
performed by a single neurologist (1). Further details have been reported 
elsewhere (1). 

Measures
Sleep quality
Sleep quality was measured by the self-rated questionnaire Pittsburgh 
Sleep Quality Index (PSQI), which has demonstrated strong internal 
consistency and diagnostic validity in the evaluation of self-reported 
sleep disturbance. It contains nineteen items generating seven component 
scores: subjective sleep quality, sleep latency, sleep duration, habitual sleep 
efficiency, sleep disturbances, use of sleeping medication and daytime 
dysfunction (19). Each component may range from 0 (no difficulty) to 3 
(severe difficulty). The global PSQI score is the sum of all components 
scores (range 0-21); a score higher than 5 indicates poor sleep (19). The 
PSQI Cronbach’s alpha was 0.87 in our sample.  

Depression
Depressive symptoms were assessed using the depression subscale of the 
Hospital Anxiety and Depression Scale (HADS-D), a standardized self-
report measure assessing the occurrence of depressive symptoms. The 
HADS-D contains seven items with scores ranging from 0 (no problem) 
to 3 (extreme problem) (20). The summary score ranges from 0-21, with 
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a higher score indicating a worse condition. In our sample Cronbach’s 
alpha was 0.85 for the depression subscale. 

Pain 
Pain was assessed by the pain question from the SF-36 (21): ”In the past 
months, how intense was your pain?” The score ranges from 1 (no pain) to 
6 (very severe pain), with a higher score indicating more severe pain (21).

Fatigue
Dimensions of fatigue were assessed by the Multidimensional Fatigue 
Inventory (MFI-20). It consists of 20 individual items which measure five 
dimensions of fatigue: general fatigue, physical fatigue, reduced activity, 
reduced motivation and mental fatigue (22). Each dimension contains 
4 items with five point response format; patients mark how much they 
agree with the given statements: 1 (“Yes, that is true”) and 5 (“No, that is 
not true”). The total scores in each dimension range from 4 (no fatigue) 
to 20 (highest possible fatigue) (22). In our sample Cronbach’s alpha were 
0.81 for general fatigue, 0.85 for physical fatigue, 0.83 for reduced activity, 
0.71 for reduced motivation, and 0.80 for mental fatigue.

Sociodemographic and clinical data 
Sociodemographic and clinical data about the participants, including 
gender, age and disease duration, were obtained from medical records. 

Statistical analyses
First, we described the characteristics of the sample (sleep quality, 
depression, pain, disease duration, age, disease course, EDSS outcomes). 
Second, the proposed relations among pain, depression, poor sleep quality 
and the five dimensions of fatigue were assessed using structural equation 
modelling (SEM). Firstly, we tested the model where the direction of the 
relationships was from pain and depression to sleep quality (Figure 1; 
Model 1). We estimated this model five times, every time with a different 
domain of fatigue (1.1 general fatigue, 1.2 physical fatigue, 1.3 reduced 
activity, 1.4 reduced motivation and 1.5 mental fatigue). The best fitting 
model (criteria of good-fitting model (23): Chi-square p-value > 0.05, 
root mean square error of approximation (RMSEA) <0.06, comparative 
Fit Index (CFI) >0.90, Tucker-Lewis index (TLI) >0.90, standardized root 
mean residual (SRMR) <0.09) was selected for further discussion. Finally, 
the standardised direct and indirect effects were assessed. To complete 
our analysis, we estimated an alternative model (Figure 1; Model 2) where 
in comparison with Model 1 the direction of relationship from sleep 
quality to pain and from sleep quality to depression was reversed; the 
other pathways remained unchanged. The model was assessed according 
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to the same criteria as Model 1. The models were corrected with a Swain 
correction (24).  Analyses were performed using Mplus version 7.1. (25).

Results
A basic description of the MS sample is given in Table 6.1. 

Table 6.1 Background characteristics of the sample

N (%) / 
Mean±SD (range)

No. of pa  ents, n 152

Female gender 115 (75.7)

Disease dura  on 7.5±5.4 (1-28)

Age (years) 40.0±10.0 (18-61)

Clinical course 

RR 122 (80.3)

SP 31 (20.4) 

EDSS 3.2±1.4 (1.0-8.0)

PSQI 5.8±3.5 (0-16)

HADS-depression 5.7±4.2 (0-19)

Pain (SF-36) 2.8±1.3 (1-5)

Fa  gue

General fa  gue 14.0±4.4 (4-20) 

Physical fa  gue 13.5±4.9 (4-20)

Reduced ac  vity 11.0±4.8 (4-20) 

Reduced mo  va  on 8.5±3.7 (4-20)

Mental fa  gue 10.3±4.5 (4-20)

SD = Standard Deviation
RR relapse-remitting course; SP secondary-progressive course; EDSS  Expanded Disability Status scale; PSQI Pittsburgh Sleep 
Quality Index; HADS Hospital Anxiety and Depression Scale; SF-36 Short Form Health Survey

Relationships among pain, depression, sleep quality and fatigue
Model 1
We examined five separate models of relationships among study variables 
as proposed in Figure 1, each with a different domain of fatigue. The 
model containing the physical domain of fatigue and model containing 
the general domain of fatigue did not provide a good fit. The remaining 
models including reduced activity (Figure 1.3), reduced motivation (Figure 
1.4) and the mental domain of fatigue (Figure 1.5) showed a good fit, with 
very similar fit indexes. Of those three we selected the model including 
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the mental domain of fatigue, as this model fulfilled the fit criteria the 
best: chi-square test was 1.306 (p-value =0.253), RMSEA = 0.045 (90%CI 
0.0007 – 0.2260); Comparative Fit Index (CFI) = 0.998; Tucker-Lewis Index 
(TLI) = 0.990; SRMR = 0.016. The Swain’s correction factor was 0.986, the 
Swain-corrected chi-square statistic was 1.287 (p-value = 0.256), Swain-
corrected RMSEA was 0.043 (90%CI 0.0007 – 0.2261), the Swain-corrected 
TLI was 0.991, and the Swain-corrected CFI was 0.998. This model with 
standardized path coefficients is depicted in Figure 2. 

Figure 6.2 Final model showing the complex relationships between pain, depression, sleep 
quality and fatigue

*p<0.05, **p<0.01, ***p<0.001

As shown in Figure 6.2, higher levels of pain (β= .25, p< .001) and depression (β= .45, p< .001) predicted poorer sleep quality. 
As expected, poor sleep quality was associated with greater fatigue, but the association were only weak (β= .14, p=0.05). We 
found a positive significant association between depression and mental fatigue (β= .59, p< 0.001) indicating that most of the 
effect was via depression.   

In addition to the direct effects among variables, depression, poor sleep 
quality and mental fatigue, we also tested for the presence of indirect 
effects of the pain on sleep quality and mental fatigue mediated by 
depression. The results showed that depression mediated the effect of 
pain on sleep quality (p<0.001) as well as the effect of pain on mental 
fatigue (p<0.001) (Table 6.2).

Model 2
The alternative model (not displayed in Figure 6.2) with changed 
directions of the relationship as proposed in Figure 1 also fitted the data 
well: chi-square statistic was 1.306 (p=0.253), RMSEA = 0.045 (90%CI 
0.0007 – 0.2260); Comparative Fit Index (CFI) = 0.998; Tucker-Lewis Index 
(TLI) = 0.990; SRMR = 0.016. The Swain’s correction factor was 0.986, the 
Swain-corrected chi-square statistic was 1.287 (p-value = 0.256), Swain-
corrected RMSEA was 0.043 (90%CI 0.0007 – 0.2261), the Swain-corrected 
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TLI was 0.991, and the Swain-corrected CFI was 0.998. This model showed 
that poorer sleep quality predicted more severe pain (β= .46, p< 0.001), 
more severe depression (β= .44, p< 0.001) as well as more mental fatigue 
(β= .14, p< 0.05). However, over the half of the effect of sleep quality on 
mental fatigue was mediated by depression (p< 0.001) (Table 6.2). The 
competing models 1 and 2 were not nested and therefore not statistically 
comparable, but both showed a very good fit. 

Table 6.2 Path coefficients from two alternative models showing the interrelationships between 
pain, depression sleep quality and fatigue 

Model 1 Model 2

Standardised 
coeffi  cients

(S.E.)

Standardised 
coeffi  cients

(S.E.)

Direct paths Direct paths

Pain - Sleep quality 0.25**     (0.07) Sleep quality - Pain 0.46***  (0.07)

Depression - Sleep quality 0.45***   (0.07) Sleep quality - Depression 0.45***  (0.07)

Sleep quality - Mental fa  gue 0.14*       (0.07) Sleep quality - Mental fa  gue 0.14***  (0.07)

Pain - Depression 0.46***   (0.06) Pain - Depression 0.26***  (0.07)

Depression - Mental fa  gue 0.59***   (0.06) Depression - Mental fa  gue 0.58*      (0.06)

Indirect paths Indirect paths

Pain – Depression - Sleep 
quality

0.21***   (0.04) Sleep quality – Depression - 
Mental fa  gue

0.26***  (0.05)

Pain – Depression - Mental 
fa  gue

0.27***   (0.05) Sleep quality – Pain - 
Depression

0.12**    (0.04)

Pain – Sleep quality - Mental 
fa  gue

0.03         (0.02)

S.E. - Standard Error
*p<0.05, **p<0.01, ***p<0.001

Discussion
The aim of this study was to find the best explanatory model of the 
relationships of pain, depression, poor sleep quality with the five 
dimensions of fatigue (general fatigue, physical fatigue, reduced activity, 
reduced motivation and mental fatigue). The final model showed 
significant direct paths from pain and from depression to poor sleep 
quality. The effect of pain on sleep quality was partially mediated by 
depression. The model also revealed a direct path from poor sleep quality 
reversely to mental fatigue, but the direct relationship of depression with 
mental fatigue and the indirect one of pain mediated by depression were 
stronger. 
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Pain and depression are both common in patients with MS. The 
results from our pathway analysis showed that patients with more severe 
pain or depressive symptoms have poorer sleep quality confirming 
findings of previous studies which did not assess full pathways with SEM 
(1, 5, 9). Furthermore we extended the existing knowledge by showing 
that pain contributes to poor sleep quality also indirectly through its 
relationship with depression. In the final model increased levels of 
pain led to more severe depressive symptoms which in turn worsened 
sleep quality. The co-occurrence of pain and depression in MS patients 
was previously found by Alschuler et al. who suggested that clinicians 
who identify one problem should carefully explore the other ones (16). 
However, the mediating effect of depression on the relationship between 
pain and sleep quality has not been empirically assessed before. 

The alternative model exploring the opposite direction of the 
relationships from pain to sleep quality and from depression to sleep 
quality shed light on the recursive nature of these relationships. 
Specifically, MS patients with poor sleep quality were more depressed 
and rated their pain as more severe. Some previous studies suggested that 
insomnia symptoms would precede the onset of depression or recurrence 
of depressive disorders (26, 27). Young men with insomnia had a greater 
risk for subsequent clinical depression and psychiatric distress that at 
average persisted for over 30 years (26). Aging patients with persistent 
insomnia were 1.8 to 3.5 times more likely to remain depressed, compared 
with patients with no insomnia (27). Data of the study by Stepanski 
indicated that the attenuation of sleep problems may improve pain control 
in patients with cancer (12). Alleviating the causes of poor sleep in MS 
patients may thus also have a positive effect on other symptoms of MS.

Surprisingly, we found only a weak relationship between poor 
sleep quality and mental fatigue. In contrast, we found depression to 
be the strongest predictor of mental fatigue. This contradicts findings of 
previous studies that sleep disturbance is the greatest predictor of fatigue 
in MS patients (2, 28). Strober et al. showed that depression together 
with poor sleep adjusted for disease duration explained 32% of the 
variance of fatigue and sleep disturbance accounted for more than half 
of this variance (2). The findings were replicated by Ghajarzadeh et al. 
who showed that out of the 34% of explained variance in fatigue, poor 
sleep accounted for 25%. The model was adjusted for disability measured 
by the EDSS and excessive daytime sleepiness (28). On the other hand 
Trojan et al. explored the contribution of multiple factors to fatigue in MS 
patients. They found that poor sleep, depression, stress and self-efficacy 
were correlated with mental fatigue in univariate unadjusted analysis. 
However, when the same variables were entered into the regression model 
the significant relation between poor sleep and fatigue disappeared (29), 
what is consistent with our results. The conflicting results may thus be 
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explained by differences across the studies in the design of the regression 
models, with models containing different variables. It seems that models 
that have been adjusted for various potentially confounding variables like 
ours yield estimates of weaker associations of poor sleep and fatigue. This 
implies that previously reported findings may have been partially due to 
uncontrolled confounding. Our model also revealed a significant indirect 
pathway from pain to mental fatigue through depression showing that 
patients with more severe pain are more depressed and consequently 
experience higher levels of fatigue. Thus, combined with our findings 
reported above depression seems to be a major symptom through which 
pain exacerbates poor sleep as well as fatigue.  

One of the strengths of this study is a high response rate of the sample 
(72.9%) and the consecutive inclusion of patients entering a large clinic. 
Employing SEM was another particular strength of our study. This is the 
first study exploring the directionality and the independent and conjoint 
associations of multiple symptoms on sleep quality in MS patient using 
the modelling of pathways among variables.Some limitations of this study 
should be mentioned  too. Most of the variables were measured by means 
of self-report questionnaires. Though we fully employed well-validated 
questionnaires, it would be interesting to include both self-reported and 
objective measures of sleep disturbances such as polysomnograms to 
obtain a more comprehensive assessment of sleep problems. Moreover, 
our study had a cross-sectional design, which did not allow us to explore 
the full causal relationships between the studied variables. 

We found that pain, depression, poor sleep and fatigue are closely 
linked with each other, which implies they could be handled as cluster 
(30). If the patients are complaining of at least one of the symptoms 
mentioned above, the healthcare providers should also screen for the 
presence of the others. A pharmacological and/or non-pharmacological 
treatment directed at all symptoms combined could also be more 
effective than treating each separate symptom. For example, cognitive-
behavioural therapy is promising for individuals with depression and 
comorbid insomnia in terms of alleviating both symptoms (31). As some 
antidepressants, such as tertiary amine tricyclic antidepressants, i.e. 
venlafaxine or duloxetine, appear to be efficacious in the treatment of 
pain (32), they could be used in people with chronic pain and comorbid 
depression. Reduction of both symptoms may in turn improve the sleep 
and reduce fatigue.

Evidence on this topic in MS populations is scarce, but our 
results may help to further study these highly prevalent and disturbing 
symptoms of MS. Much work needs to be done to better understanding 
of interrelationships between multiple neuropsychiatric MS-related 
symptoms and to developing the best therapeutic approach. 
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In summary we found that pain and depression both have a 
bidirectional relationship with sleep quality, where more severe pain 
or depression worsen sleep quality and vice versa. Moreover, almost 
half of the effect of pain on sleep quality was mediated by depression. 
Depression was also found to be the strongest predictor of mental fatigue 
and a significant mediator of the effect of pain on fatigue, with the role 
of poor sleep quality being much smaller. Our findings highlight the 
need for a comprehensive evaluation of multiple symptoms in patients 
complaining of poor sleep quality and suggest the possible benefit of 
therapies targeting multiple symptoms jointly rather than one separately, 
to the benefit of the quality of life of MS patients.  
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