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 Chapter 1

Introduction

This study focuses on the neuropsychiatric manifestations of multiple 
sclerosis (MS), especially on poor sleep quality. Emphasis is put on 
symptoms associated with MS, such as pain, depression, anxiety, fatigue 
or bladder dysfunction, and how they are related to poor sleep quality 
in MS. The thesis will also focus on the often overlooked bladder, bowel 
and sexual dysfunction and their relation with sleep quality and health-
related quality of life in MS patients. 

This first chapter provides a review of the existing knowledge about 
multiple sclerosis with a focus on symptoms associated with poor sleep 
sleep quality, and describes the research questions and outline of the 
thesis. 

1.1 Multiple sclerosis 
Multiple sclerosis (MS) is a chronic inflammatory disease of the central 
nervous system (CNS) that produces demyelination and axonal/neuronal 
damage, resulting in characteristic multifocal lesions on magnetic 
resonance imaging and, depending on its location, a variety of neurological 
manifestations. Physical symptoms arising from the disease itself usually 
result in progressive functional disability with a negative impact on the 
quality of life of MS patients (1). Besides the physical symptoms, which 
can be modified only partially, a number of MS-related neuropsychiatric 
symptoms may worsen the quality of life of MS patients. Examples of 
such symptoms concern poor sleep quality, depression, anxiety, pain or 
fatigue (2). Identification and recognition of these symptoms is needed, as 
some of them are treatable and potentially modifiable. 

1.1.1 Epidemiology and etiology
MS is a serious disease that affects more than two milion people 
worldwide. Europe is a high prevalence region for MS, comprising half of 
the global population of people diagnosed with MS (3). The prevalence in 
the northern hemisphere is 0.5-1.5 per 100 000. The MS prevalence ratio of 
women to men has increased during the last decades and is estimated to 
range between 2.3-3.5:1 (4). MS is characterized by a broad heterogenity 
in pathomorphology, clinical course, neuroradiological presentation and 
therapeutic response (1). Research to date has not identified a single factor 
responsible for the onset of the disease, so the general consensus is that its 
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aetiology is multifactorial (5). It has been suggested that susceptibility for 
MS results from the complex interactions between multiple susceptibility 
genes (the main risk allele for MS is HLA-DRB1*15:01) and more 
environmental factors (low level of vitamin D, Epstein-Barr virus (EBV) 
infection and smoking) (6-8).

The pathogenesis of MS is characterised by a cascade of 
pathobiological events, ranging from the lymphocytic infiltration in the 
CNS and microglia activation to demyelination and axonal degeneration 
(9). The traditional view is that autoreactive lymphocytes (mainly T helper 
cells), which are primed in the periphery, cross the blood–brain barrier 
and lead to the formation of new inflammatory demyelinating lesions and 
axonal loss. Recent evidence also supports a role for B cells and antibodies 
in MS pathogenesis (9). 

1.1.2  Diagnosis and treatment of MS
Regarding diagnosis, currently there is no pathognomonic test which 
would clearly confirm or rule out a diagnosis of MS. The diagnosis is 
established on the basis of clinical history, clinical picture, magnetic 
resonance imaging of the brain and spinal cord and cerebrospinal fluid 
analysis (1). Ruling out other possible diagnoses is still essential for 
verification of a diagnosis of MS, especially today in the light of McDonald 
criteria (Table 1.1), which allow the diagnosis of MS even with a first 
clinical episode (10). 
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Table 1.1 McDonald’s diagnostic criteria (2010) 

Clinical presenta on Addi onal data needed for MS diagnosis

≥ 2 a acks and objec ve clinical 
evidence of ≥ 2 lesions None. 

 2 a acks and objec ve clinical 
evidence of 1 lesion

Dissemina on in space (DIS), demonstrated by:
• ≥ 1 T2 lesion in at least 2 of 4 MS typical regions of the CNS 
(periventricular, juxtacor cal, infratentorial or spinal cord); or 
• await a further clinical a ack implica ng a different site.

1 a ack and objec ve clinical 
evidence of ≥ 2 lesions

Dissemina on in me (DIT), demonstrated by:
• simultaneous presence of asymptoma c gadolinium-
enhancing and nonenhancing lesions at any me, or
• a new T2 and/or gadolinium-enhancing lesion(s) on follow-
up MRI, or 
• await a second clinical a ack.

1 a ack and objec ve 
clinical evidence of 1 lesion 
(monosymptoma c presenta on; 
clinically isolated syndrome)

DIS and DIT, demonstrated by:
For DIS: 
• ≥ 1 T2 lesion in at least 2of 4 MS typical regions of the CNS 
(periventricular, juxtacor cal, infratentorial or spinal cord); or 
• await a further clinical a ack implica ng a different site.
For DIT: 
• simultaneous presence of asymptoma c gadolinium-
enhancing and nonenhancing lesions at any me, or 
• a new T2 and/or gadolinium-enhancing lesion(s) on follow-
up MRI, or 
• await a second clinical a ack.

Insidious neurologic progression 
sugges ve of MS (primary pro-
gressive MS)

1 year of disease progression (retrospec vely or prospec vely 
determined) plus 2 of 3 of the following criteria:
1. Evidence for DIS in the brain based on ≥ 1 T2 lesion in the 

MS–characteris c (periventricular, juxtacor cal or infraten-
torial) regions.

2. Evidence for DIS in the spinal cord based on ≥ 2 T2 lesions 
in the cord.

3. Posi ve CSF (isoelectric focusing evidence of oligoclonal 
bands and/or elevated IgG index.

MS produces a wide spectrum of neurological symptoms. The combination 
of symptoms and their severity vary markedly from patient to patient 
and per individual over time (1). Typical symptoms of MS include optic 
neuritis, sensory disturbances, motor impairment caused by central 
motoneuron dysfunction, internuclear ophthalmoplegia or ataxia of the 
limbs, stance and gait (11). Aside from the physical symptoms mentioned 
above, the clinical picture of MS also includes some neuropsychiatric 
symptoms, such as cognitive dysfunction, impaired concentration, pain, 
depression, anxiety, fatigue or poor sleep quality (2), the measurement of 
which will be discussed in Chapter 2. 

MS typically presents with the first episode of neurological symptoms, 
from which most patients partially or fully recover (12). This episode 
is known as a clinically isolated syndrome (CIS) in which additional 
clinically silent brain lesions on MRI suggest development of the most 
frequent (around 85% of patients) relapsing-remitting multiple sclerosis 
(RRMS). This course is characterized by episodes of new or worsening 
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neurological dysfunction followed by partial or complete recovery. More 
than half of all patients with RRMS develop secondary progressive MS 
(SPMS) later in the course of the disease. SPMS is characterized by a 
steady worsening of the neurological symptoms and disabilities, with or 
without relapses. Between 10% and 15% of people with MS suffer from 
the primary progressive form (PPMS). In PPMS, symptoms continually 
worsen from the onset of the disease. There are no well-defined attacks, 
and there is little or no recovery. Progressive relapsing MS (PRMS) is 
very rare; only around 5% of people with MS have this form. PRMS is 
characterized by steadily worsening neurologic function from the onset of 
disease, in addition to occasional acute relapses (13). 

There is yet no curative treatment for MS. The treatment of MS can 
be divided into a treatment of the acute relapses, a disease-modifying 
therapy (DMT) for RRMS and SPMS and symptomatic treatment (14). 
High-dose corticosteroids (methylprednisolon 3-5 g intravenously) are 
routinely used to treat acute MS relapses (15). The goals of the DMT in 
RRMS are to reduce the frequency and severity of acute relapses, reduce 
the development of new demyelinated lesions on MRI, impede cerebral 
atrophy, slow down disability progression and improve the quality of life 
in patients with MS (16). Many options currently exist to treat relapsing 
forms of MS. These include first-line injectable therapies (interferon beta, 
glatirameracetate), newer oral options (dimethyl-fumarate, teriflunomid, 
fingolimod) and targeted monoclonal antibody agents for those who 
require a more aggressive therapy (natalizumab, alemtuzumab) (14). 
A limited number of therapeutics has been approved for the treatment 
of SPMS. Approved therapeutics for SPMS include interferon beta and 
mitoxantrone. Other drugs, not approved for SPMS but commonly utilized 
for its treatment, are intravenous corticosteroids, cyclophosphamide, 
methotrexate, azathioprine or immunoglobulin (IVIG) (14).
Symptomatic treatment is focused on the therapy of many physical and 
neuropsychiatric symptoms associated with MS, such as spasticity, bowel, 
bladder, sexual dysfunction, pain, depression, anxiety, poor sleep or 
fatigue (17).

1.2 Functioning and health related quality of life (HRQoL) 
 in MS patients
MS is a chronic disease which leads to progressive disability over time. 
Several MS-related impairments in body functions (muscle and movement 
impairments, excretion and reproductive dysfuntion or mental health 
dysfunction), together with limitations in activities and restrictions in 
participation, form the overall disability of people with MS. They together 
have a great impact on the functional health of a patient with MS (18,19). 
About 30% of the MS patients experiences a significant disability soon 
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after the diagnosis of MS (20), and 10 years after disease onset half of all 
patients are unable to fulfil household and employment responsibilities; 
within 15 years, half are unable to walk unaided; and within 25 years, half 
require a wheelchair (21). 

Given that the disease is characterized by unstoppable and 
progressive disability, patients with MS have notable decrements in 
HRQoL compared with the general population (18, 22, 23). Benito-Leon 
et al. (24) tried in their study to describe what the main features of MS 
are that particularly decrease HRQoL and suggested several issues: 1) 
MS is a disease with a wide spectrum of neurologic and neuropsychiatric 
symptoms that negatively influence HRQoL. 2) Moreover, people with 
MS are often diagnosed as young adults; thus, MS remarkably affects 
the course of their lives as they try to anticipate their future disability. 
3) Because MS has an unpredictable course, this anticipation is often 
unsuccessful, and patients have difficulty in maintaining a sense of control 
over their disease. 4) The disease is incurable. 5) Current treatments are 
imperfect and carry the risk of adverse events. 

Most of the aforementioned factors reducing HRQoL are related to 
the natural course of the disease, which can be modified only partially 
(11). Therefore, there is a growing interest in identifying those factors 
associated with the decreased HRQoL of MS patients that are potentially 
modifiable. 

Various MS-related physical disabilities, such as problems with 
walking or balance, problems with using the hands, impaired articulation, 
visual impairments or bowel, bladder and sexual dysfuntion, are mostly 
associated with the physical domains of HRQoL (25). The mental domains 
of HRQoL are frequently impaired by the presence of neuropsychiatric 
dysfunction related to MS, including cognitive deficits, disturbances in 
mood, pain, sleep quality or fatigue (25,26). In routine clinical practice 
most clinicians are more concerned about physical disability, and the 
neuropsychiatric symptoms are often overlooked even though growing 
evidence exists that for overall HRQoL the total burden of neuropsychiatric 
symptoms of MS is likely more important than the physical symptoms 
(27) and that most of these symptoms are treatable.

1.2.1  Relationship of bladder, bowel and sexual dysfunction to HRQoL in MS 

Bladder, bowel and sexual dysfunction are common MS-related 
disabilities; they occur at any time during the course of disease and can 
be the source of a significant reduction of HRQoL in MS patients (28-
31). Despite their high prevalence, they are often overlooked (32). The 
prevalence of bladder dysfunction amongst MS patients ranges from 
50-80% (28, 32).  A study by Nortvedt et al. showed that higher levels of 
bladder problems were associated with worse physical functioning (28). 
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Khan et al. studied whether problems with urination were associated 
with HRQoL in a sample of 73 MS patients in an Australian community 
(33). Results showed that urinary symptoms were associated with 
the emotional state of the patients and their ability to perform routine 
housekeeping, physical recreation and vocational activities (33). Another 
consequence is that bladder dysfuction, especially nocturia, may lead to 
disrupted sleep (34). 

Bowel dysfunction and its adverse association with a patient’s 
HRQoL has received less attention, although its prevalence is high 
(32, 33, 35). Hinds et al. estimated the prevalence of bowel dysfunction 
(constipation and/or fecal incontinence) at about 68%. Constipation and 
fecal incontinence may exist as separate conditions, or they may coexist 
together (35). The dysfunction increased with higher age, higher age at 
onset and secondary progressive course of disease (35, 36). Chia et al. 
estimated the prevalence of bowel symptoms at 52% (37). Contrary to 
Hinds et al. (35), they did not find a correlation between the presence 
of bowel symptoms and the duration of MS, age and disability. Norton 
in his study with 47 people found that 34% of MS patients spent more 
than 30 minutes a day managing their bowel (31). Poorer HRQoL in MS 
patients with bowel dysfunction was found in the study of Nortvedt et 
al. in a sample of 55 patients 2-5 years after diagnosis (29) as well as in a 
study by Khan et al. in a sample of MS patients mostly with a secondary 
progressive type of MS, EDSS 3.5-6, and duration of MS of about 10 years 
(33).

Many studies have shown a high prevalence of sexual dysfunction in 
MS patients (38-40). In a study by McCabe it was shown that patients with 
MS were more likely to experience sexual dysfunction than respondents 
from the general population. The frequency of the problems was higher 
in a group of women than of men (40). In contrast, Zivadinov et al. 
demonstrated in an Italian sample of 108 patients with definite MS that 
sexual dysfunction occurred more prominently in men and suggested 
a possible role of depression and anxiety in those less sexually active 
(39). The relationship between sexual dysfunction and HRQoL in MS 
patients has been analyzed in only a few studies (28-30). Tepavcevic et 
al. investigated in a sample of 109 MS patients the type, intensity and 
frequency of sexual dysfunction and their association with all domains of 
HRQoL measured by the disease-specific MSQoL. The results showed that 
patients with sexual dysfunction had a lower score on all the subscales of 
MSQoL for both men and women (30). In a study of Nortvedt et al. sexual 
dysfunction was shown to be related to lower physical and mental health 
after adjustment for disability measured by EDSS in MS patients with 
disease duration from 9-19 years (28). 
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1.3 Sleep quality and factors associated with poor sleep quality
1.3.1  Sleep quality 
Poor sleep quality is a common symptom associated with MS, with a 
prevalence ranging from 47 to 62% and a higher prevalence in women 
(41, 42). Patients with MS report reduced quality of night sleep more 
frequently compared with the healthy population (43, 44). Despite its 
high prevalence, the presence of poor sleep is frequently neglected and 
overlooked in MS patients (45). 

The term “sleep quality“ is commonly used by clinicians and 
researchers, but a clear definition has not been established (46). Sometimes 
it refers to objective sleep measures like total sleep time, degree of sleep 
fragmentation or sleep efficiency, but more frequently it refers to the 
subjective feeling of sleep disrupted in any way based on the patient’s 
experience, as assessed by sleep diaries or sleep questionnaires (47). The 
most frequent sleep disorders in the MS population which may lead to self-
perceived poor sleep quality include insomnia, restless legs syndrome, 
periodic limb movement disorder or sleep-related breathing disorders. 
All of them comprise aspects of poor sleep, but insomnia the most (48).

Poor sleep significantly reduces quality of life and could have 
serious consequences for patients’ health (49, 50). Research has shown 
that patients suffering from sleep disturbances have daytime impairment 
of cognition, mood or performance that has an impact on the patient and 
potentially on his or her family, friends, coworkers and caretakers (49). 
Next, sleep disturbances may contribute to the genesis of fatigue, another 
debilitating symptom associated with MS (50). A few studies have also 
indicated that poor sleep quality is connected with greater disability 
in MS patients (51, 52). The study of Neau et al. showed that disturbed 
night sleep was related to greater disability, estimated using EDSS, 
independently of depression and pain (51). Merlino et al. reported similar 
results showing that a significantly higher EDSS score was found more 
frequently among poor sleepers than among good sleepers (52). However, 
there are also studies that did not confirm such an association. Bamer et 
al., exploring the role of multiple factors on sleep problems, did not find 
a relationship between sleep quality and disability (53), similarly to the 
results of Stanton et al. (50). The ambiguity of these results underlines 
the possible role of other factors that may influence this relationship and 
contribute to the existing differences in results.

1.3.2  Factors associated with poor sleep quality 
While much is known about the prevalence and impact of sleep 
disturbances on quality of life in patients with MS (54), less is known 
about the factors that contribute to poor sleep quality. Previous research 
on this topic indicates that poor sleep quality in MS patients is likely to 
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be multifactorial. It has been postulated that MS-related sleep quality 
may result from centrally mediated processes, such as demyelination 
and axonal loss in the CNS, that participate in pathogenesis of multiple 
sclerosis. Next, a wide spectrum of MS-related symptoms or use of 
immunomodulatory treatment has been found to be closely connected 
with poor sleep quality (55). 

Depression is a frequent disabling neuropsychiatric symptom in 
MS, with a prevalence ranging from 7 to 70%, on average three-times 
higher than in the general population (56). In the general population the 
prevalence of depression was consistently found to be higher in women 
than in men (57), but the results in the MS population are not conclusive. 
Some studies have shown such an association (58), whereas others have 
not (59). Depression is present in both the early and later stages of disease, 
with increased rates in the later stage (60). 

Depression is a key predictor of reduced quality of life in MS 
patients (61) and is connected with a higher suicide risk (62). There is 
also evidence that the presence of depression may negatively influence 
physical disability, although the results of studies on this subject do not 
present conclusive findings (63-65). Several studies have clearly shown 
that poor sleep quality and depression are closely linked (66, 67). A case-
control study by Bøe Lunde et al. explored sociodemographic and clinical 
associations with poor sleep in a sample of 90 patients with MS and 108 sex- 
and age-matched healthy controls. The results indicated that poor sleep is 
independently associated with female gender, use of immunotherapy and 
the high psychological burden of MS (43). Neau et al. reported associations 
of sleep disorders with depression, disability and pain (51). Bamer et 
al., in their study with 473 patients, found that depression, leg cramps, 
younger age, pain, female gender, fatigue and nocturia were associated 
with reduced quality of sleep. Depression accounted for the majority of 
the variance in sleep problems (53). Both symptoms, sleep quality and 
depression, appear to have a bidirectional relationship, where unrestful 
sleep worsens depression and vice versa (66).

Pain is a common symptom associated with MS. O'Connor and 
colleagues in 2008 classified the type of pain associated with MS into 
four categories: continuous central neuropathic pain, intermittent central 
neuropathic pain (i.e. trigeminal neuralgia), musculoskeletal pain (i.e. 
pain due to spasticity) and mixed neuropathic and non-neuropathic pain 
(i.e. headache) (68). Pain has been estimated to be experienced by 29-86% 
patients with MS (69), and no gender differences in its prevalences have 
been found (70). A large sample study on pain in MS identified a longer 
disease duration, older age, progressive course of the disease and greater 
disability as the main factors associated with the development of pain 
(71). Several studies have shown that the presence of pain is closely 
related to poor sleep quality in the general population as well as in MS 
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patients (69), and their relationship is considered to be bidirectional. That 
is, having pain disrupts the initiation and maintenance of sleep, whereas 
it is also possible that sleep disruption worsens pain (72). Research has 
supported this by showing that sleep deprivation may interfere with pain 
processes that enhance pain sensitivity and that one single night of sleep 
deprivation is able to induce generalized hyperalgesia (73).

Fatigue is one of the most common symptoms associated with MS, 
affecting up to 80% of MS patients (74, 75). There is no clear-cut definition 
of fatigue, but it is usually decribed as “a subjective lack of physical 
or mental energy that is perceived by the individual or caregiver to 
interfere with usual and desired activities” (76). MS-related fatigue can 
be divided into physical and mental fatigue (77). Fatigue has a significant 
negative impact on quality of life, and approximately one out of four 
MS patients describes fatigue as the most burdensome symptom of the 
illness (78). There is also evidence that fatigue has a negative impact on 
physical disability. In a descriptive study of MS-related disability, 81% 
of respondents reported fatigue, with those in higher fatigue grades 
reporting more disability (79).

Some evidence exists relating sleep quality and fatigue in MS. 
Poor sleep quality results in or exacerbates MS-related fatigue (74, 80-
82). A relationship has also been found between sleep disturbances and 
fatigue, independent of depression (82). Stanton et al. found that frequent 
nocturnal awakenings assessed with a sleep diary correlated with greater 
levels of fatigue (50). An increased risk of fatigue in patients with MS 
suffering from a sleep disorder was also found in a polysomnographic 
cross-sectional study by Veauthier et al.(82).

1.4   Aim of the thesis and its research questions
1.4.1  Aim of the thesis
This thesis aims to provide insights into the associations of multiple 
physical (pain, bladder, bowel, sexual dysfunction) and psychological 
(anxiety, depression, fatigue) symptoms with poor sleep quality and 
health-related quality of life in patients with MS.

The first part of this thesis explores the association of bladder, bowel 
and sexual dysfunctioning with the physical and mental dimensions of 
HRQoL in patients with different durations of MS. In the second part of 
the thesis we will deal with sleep quality in MS patients. This part is based 
on the premise that multiple factors may be associated with poor sleep 
quality. We focus on the roles of pain, depression, anxiety and fatigue, 
since they all may have the potential to influence sleep quality. First, we 
explore the differences in prevalence and factors associated with poor 
sleep quality among MS patients with different disease duration and 
between genders. Next, the consequences of poor sleep quality, focusing 
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on the relationship between poor sleep quality and disability, will be 
evaluated. Finally, we try to find the best explanatory model of pathways 
among poor sleep quality, pain, depression and fatigue using structural 
equation modelling (SEM). The basic model of the thesis with its research 
questions is summarized in Figure 1.1.

Figure 1.1 Basic model of the thesis with its research questions (RQ) 

1.4.2  Research questions
Research question 1
Are bladder, bowel and sexual dysfunction associated with the physical 
and mental dimensions of HRQoL in patients stratified by duration of MS 
(≤5 years and >5 years)? 
Research question 2
Are there differences in the prevalence and determinants of poor sleep 
quality in a sample of MS patients with disease duration ≤5 years and >5 
years?
Research question 3
Do gender differences exist in factors related to poor sleep quality in 
patients with MS? 
Research question 4 
What are the interrelationships between pain, depression, fatigue and 
poor sleep quality? 
Research question 5 
Do depression, pain and physical fatigue mediate the association between 
sleep quality and functional disability in MS patients?
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1.5 Structure of the thesis 
This thesis is divided into 8 chapters. After this first Introductory chapter 
seven more chapters follow.
Chapter 2: ‘Data sources, measures and statistical analyses’ provides 
information about the design of the study: sample, data collection, 
measures and statistical analyses.
Chapter 3: ‘Health-related quality of life in multiple sclerosis patients with 
bladder, bowel and sexual dysfunctionʼ explores the association between 
bladder, bowel and sexual dysfunction and HRQoL in MS patients 
stratified by disease duration (≤5 and >5 years) and controlled for clinical 
and sociodemographic variables.
Chapter 4: ‘Factors associated with poor sleep quality in patients with multiple 
sclerosis differ by disease duration’ focuses on the differences in the prevalence 
and determinants of poor sleep quality in a sample of MS patients with 
disease duration ≤5 years and >5 years.
Chapter 5: ‘Gender differences in factors related to poor sleep quality in patients 
with multiple sclerosis’ explores possible gender differences in factors 
related to poor sleep quality in patients with MS. 
Chapter 6: ‘Determinants and causes of poor sleep quality in patients with 
multiple sclerosis’ describes the explanatory model of the causal relations 
among poor sleep quality, depression, pain and five dimensions of fatigue. 
Chapter 7: ‘Is poor sleep quality associated with greater disability in patients 
with multiple sclerosis?‘ explores whether the association between sleep 
quality and functional disability in MS patients is direct or is mediated by 
depression, pain and physical fatigue.
Chapter 8: ‘General discussion, implications and conclusions’ presents and 
discusses the main findings of this thesis as well as its strengths and 
limitations and its implications for practice and future research.
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Chapter 2

Data sources, measures and statistical 
analyses

This chapter provides information about the samples, data collection, 
measures and statistical analyses used in the studies that are part of this 
thesis.

2.1  Study design, population and data collection
The study made use of two independent samples of patients with 
multiple sclerosis (MS) from the eastern part of Slovakia. The first sample 
concerned health-related quality of life in MS patients with bladder, 
bowel and sexual dysfunction (Chapter 3) and included the patients 
recruited from the MS database of neurologic outpatient clinics from the 
eastern part of Slovakia between December 2003 and January 2006. Of 
the 412 MS patients who were deemed eligible for the study 223 patients 
were interviewed; 189 patients did not respond (response rate of 54.1%). 
Exclusion criteria were: cognitive impairment determined by a MMSE 
score of < 24, a history of a psychiatric or medical condition affecting the 
outcomes of the study, pregnancy, patients not speaking Slovak and those 
under 18 years of age. There were no statistically significant differences 
between the non-respondents and the participants regarding gender. 
However, non-respondents were significantly older (45.1±10.5 years) than 
the participants (38.4±10.6 years) (p < 0.05). The study was approved by 
the local Ethics Committee of the University Hospital L. Pasteur and the 
Faculty of Medicine, PJ Safarik University in Kosice, 2002. Each patient 
provided a signed informed consent form prior to the study. 

The second sample concerned sleep quality in MS patients (Chapters 
4, 5, 6, 7) and included patients recruited from the clinical MS database 
in the Department of Neurology in Kosice, Slovakia, between September 
2011 and November 2013. Of the 241 patients with MS who were deemed 
eligible for the study, 182 patients initially agreed to participate (response 
rate of 76%). Patients with cognitive dysfunction determined by a MMSE 
score of <24 (N=1) and those who initially agreed to participate but did not 
fill in the questionnaires (N=29) were excluded. 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, 2009. Each patient 
provided a signed informed consent form prior to the study. 
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The samples were split according to disease duration (Chapter 3,4) 
and gender (Chapter 5). As there is no clear cut-off for disease duration 
defining the early or advanced stages of multiple sclerosis, we followed 
previous research among the MS population. Most of these studies used 
a disease duration of less than five years for the early stage of multiple 
sclerosis (1-3).

The procedure in both studies started by sending an invitation letter, 
the questionnaires, a written informed consent form and a non-response 
sheet to the participants  home by postal mail. After two weeks, a trained 
interviewer called each patient in order to arrange a face-to-face interview, 
allowing clarification of the patient’s responses and completion of missing 
answers in the questionnaires. A neurological examination was performed 
immediately after the interview; the same neurologist examined all 
patients. The standardized neurological examination assessed seven 
functional systems: visual, brainstem, pyramidal, cerebellar, sensory, 
bowel/bladder and cerebral.

Table 2.1 Basic characteristics of the samples

Chapter 3 4-7

Years data collected 2003-2006 2011-2013

Number of pa ents 223 152

Females 150 115

Age 38.9±10.8 40.0±10.0

2.2   Measures
Health-related quality of life 
A patient’s HRQoL was assessed using the SF-36 Short Form Health 
Survey (4). It includes 8 multi-item scales of functioning and well-being 
that represent physical and mental health status. The mental component 
summary (MCS) contains 4 scales: vitality, social functioning, role-
emotional and mental health. The physical component summary (PCS) 
also contains 4 scales: physical functioning, role-physical, bodily pain and 
general health. The scale scores range from 0 (poor health) to 100 (optimal 
health), and the lower the score the lower the HRQoL. Cronbach’s alpha 
for the SF-36 total score in our sample was 0.93; for the PCS 0.90 and for 
the MCS 0.89.

Sleep quality
Sleep quality was measured by the Pittsburgh Sleep Quality Index (PSQI), 
a self-rated questionnaire which assesses sleep quality and disturbances 
over a 1-month time interval (5). Nineteen individual items generate seven 
component scores: subjective sleep quality, sleep latency, sleep duration, 
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habitual sleep efficiency, sleep disturbances, use of sleeping medication 
and daytime dysfunction. Each component has a possible score of 0-3, 
where a higher score indicates a greater sleep problem. In our study we 
used the global PSQI score, which is the sum of all the component scores 
(range 0-21); a higher score means worse night sleep, and a score higher 
than 5 indicates poor sleep (5). Cronbach’s alpha was 0.87 in our sample. 

Depression and anxiety
Depression and anxiety were assessed using the self-administered 
Hospital Anxiety and Depression Scale (HADS) questionnaire. This 
questionnaire consists of 14 items that can be divided into two subscales: 
one for detecting depression (HADS-D) and the other for anxiety 
(HADS-A) (6). Each item is rated on a 4-point scale ranging from 0 (no 
problem) to 3 (extreme problem). The summary score for both subscales 
ranges from 0-21, with a higher score meaning a worse condition. A score 
of 7 or lower indentifies non-cases, 8-10 possible cases and ≥11 definite 
cases (6). In our sample Cronbach’s alphas were 0.85 for the depression 
and 0.86 for the anxiety subscale.

Fatigue 
Fatigue was assessed using the 20-item Multidimensional Fatigue 
Inventory (MFI-20), which measures five dimensions of fatigue: general 
fatigue, physical fatigue, reduced activity, reduced motivation and mental 
fatigue (7). There are 4 items in each dimension, which are scored on a 
five-point Likert-scale; patients mark how much they agree with the given 
statements: 0 (“Yes, that is true”) and 5 (“No, that is not true”). The total 
score in each dimension ranges from 1 (no fatigue) to 20 (highest possible 
fatigue) (7). In our sample Cronbach’s alphas 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.
 
Pain
Pain was assessed by the pain question from the SF-36 (4). “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 (4).

Bladder, bowel and sexual dysfunction 
Bladder Control Scale (BLCS). The BLCS is a structured, four-item self-
reported questionnaire which provides a brief assessment of bladder 
control and the extent to which bladder problems have an impact on 
everyday activities (8). Three of these items (during the past 4 weeks, 
how often have you: 1- lost control of your bladder or had an accident; 
2- almost lost of your bladder or had an accident; 3- altered your activities 
because of bladder problems) are scored on a Likert scale from 0 (not at 
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all) to 4 (daily), and the fourth item (during the past 4 weeks, how much 
have bladder problems restricted your overall lifestyle) is scored from 0 
(not at all) to 10 (severely). The total score ranges from 0 to 22, with higher 
scores indicating greater bladder control problems. Cronbach’s alpha for 
the BLCS in our sample was 0.85.

Bowel Control Scale (BWCS). The BWCS consists of five items 
measuring bowel dysfunction and changes in daily activities due to bowel 
symptoms (8). Four of these items (during the past 4 weeks, how often have 
you: 1- been constipated; 2- lost control of your bowels or had an accident; 
3- almost lost control of your bowels or had an accident; 4- altered your 
activities because of bowel control problems) are scored on a Likert scale 
from 0 (not at all) to 4 (daily), and the fifth item (during the past 4 weeks, 
how much have bowel problems restricted your overall lifestyle) is scored 
from 0 (not at all) to 10 (severely). The total score ranges from 0 to 26, 
with higher scores indicating greater bowel control problems. Cronbach’s 
alpha for the BWCS in our sample was 0.79.

Incapacity status scale (ISS). Sexual dysfunction was assessed using 
the ISS, which contains an item regarding sexual activity (9). The patients 
were asked to circle one of 5 responses: 0- sexually active as before and/
or not experiencing some sexual problems, 1-less sexually activity than 
before, but still not concerned, 2- sexually less active than before and 
concerned, 3- sexually inactive but concerned and 4- no sexual acitivity 
but not concerned. The patients were divided into two groups – the 
first group included patients with no sexual problems or who were less 
or not sexually active but were not concerned (scores 0, 1 and 4). The 
second group included less or not sexually active MS patients who were 
concerned (scores 2 and 3).  

Sociodemographic and clinical data 
Sociodemographic data about the participants, including gender, age, and 
educational level (elementary, secondary and university), were derived 
from the interview.

Disability assessment
Neurological disability was measured using the Expanded Disability 
Status Scale (EDSS) (10). The EDSS score is determined by a neurologist, 
who assesses seven functional systems: pyramidal, cerebellar, brain stem, 
sensory, bowel and bladder, visual and cerebral (mental). Disability is 
graded on a continuum from 0 (normal neurological examination) to 10 
(death caused by MS). EDSS scores from 1.0 to 4.5 refer to people with MS 
who are fully ambulatory. EDSS steps 5.0 to 9.5 are defined by impairment 
to ambulation (10) (Table 2.2).
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2.3  Statistical analyses
Statistical analyses were performed using SPSS 20 for Windows (Chapter 
3, 4, 5, 6, 7) and Mplus version 7.1 (Chapter 6, 7) (11). Firstly, we described 
the characteristics of the samples. Statistical significances of the studied 
subgroups were tested by T-tests, Mann-Whitney U-tests and Chi-Square 
tests (Chapter 3, 4, 5). Multiple linear regression analyses (Chapter 3, 4,5,7) 
were performed to assess the associations between the studied variables, 
leading to standardized (betas) and to unstandardized regression 
coefficients (B’s) with 95%-confidence intervals (CI). The analyses were 
adjusted for the sociodemographic characteristics of the samples. Separate 
linear regressions were performed on the same variables stratified by 
disease duration (≤ 5years and > 5years) (Chapter 3, 4) and by gender 
(Chapter 5). Tests of mediation (specific indirect effects for each mediator) 
were used to calculate the mediating effects of pain, depression and 
physical fatigue on the association between sleep quality to disability 
(Chapter 6). Structural equation modelling (SEM) was used to find the 
best explanatory model of causal relations among poor sleep quality, 
pain, depression and fatigue (Chapter 6) (12)
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Table 2.2 Expanded Disability Status Scale (EDSS)

Steps Clinical meaning

0 Normal neurological exam

1.0 No disability, minimal signs in 1 func onal system (FS)

1.5 No disability, minimal signs in more than 1 FS

2.0 Minimal disability in 1 FS

2.5 Mild disability in 1 or Minimal disability in 2 FS

3.0 Moderate disability in 1 FS or mild disability in 3 - 4 FS, though fully ambulatory

3.5 Fully ambulatory but with moderate disability in 1 FS and mild disability in 1 or 2 FS; or 
moderate disability in 2 FS; or mild disability in 5 FS

4.0 Fully ambulatory without aid, up and about 12hrs a day despite rela vely severe disabil-
ity. Able to walk without aid 500 meters

4.5 Fully ambulatory without aid, up and about much of day, able to work a full day, may 
otherwise have some limita ons to full ac vity or require minimal assistance. Able to 
walk without aid 300 meters

5.0 Ambulatory without aid for about 200 meters. Disability impairs full daily ac vi es

5.5 Ambulatory for 100 meters, disability precludes full daily ac vi es

6.0 Intermi ent or unilateral constant assistance (cane, crutch or brace) required to walk 100 
meters with/without res ng

6.5 Constant bilateral support (cane, crutch or braces) required to walk 20 meters without 
res ng

7.0 Unable to walk beyond 5 meters even with aid, essen ally restricted to wheelchair, 
wheels self, transfers alone; ac ve in wheelchair about 12 hours a day

7.5 Unable to take more than a few steps, restricted to wheelchair, may need aid to transfer; 
wheels self, but may require motorized chair for full day's ac vi es

8.0 Essen ally restricted to bed, chair or wheelchair, but may be out of bed much of day; 
retains self-care func ons, generally effec ve use of arms

8.5 Essen ally restricted to bed much of day, some effec ve use of arms, retains some self-
care func ons

9.0 Helpless bed pa ent, can communicate and eat

9.5 Unable to communicate effec vely or eat/swallow

10.0 Death due to MS
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Abstract
Bladder, bowel and sexual dysfunction are often overlooked symptoms 
in patients with multiple sclerosis (MS) and they can be associated with 
lower health related quality of life (HRQoL). The aim is to explore the 
association of bladder, bowel and sexual dysfunction with HRQoL in MS 
patients stratified by disease duration (≤5 and >5 years) and controlled for 
clinical and sociodemographic variables.

The study comprised 223 MS patients (mean age 38.9± 10.8 years, 
67% female, mean EDSS 3.0±1.5) who filled out the Short-Form-36 
Health Survey, the Bladder Control Scale, the Bowel Control Scale and 
the Incapacity Status Scale. The relationships between the variables were 
analyzed with multiple linear regression using the Physical Component 
Summary (PCS) and the Mental Component Summary (MCS) as 
dependent variables.

 More severe bladder dysfunction was associated with lower PCS in 
both disease duration groups (β=-0.35, p≤0.001 versus β=-0.43, p≤0.001), 
whereas more severe sexual dysfunction was associated with lower MCS 
in the group with shorter disease duration (β=-0.23, p≤0.05). 

Bladder and sexual dysfunction are associated with a poorer HRQoL 
in MS patients even if they had MS for a relatively short time. Recognition 
and proper treatment is needed to prevent the development of more 
severe dysfunction; this also may lead to a better HRQoL.
Keywords: bladder dysfunction, bowel dysfunction, sexual dysfunction, 
multiple sclerosis, quality of life
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Introduction
Health related quality of life (HRQoL) is significantly reduced in patients 
with multiple sclerosis (MS) compared to the healthy population. There 
is a growing interest in identification the factors associated with HRQoL 
of MS patients (1-4). Bladder, bowel and sexual dysfunction are common 
MS-related disabilities (5-21), occur at any time during the course of MS 
and can be the source of significant reduction of HRQoL (22-23). Despite 
their high prevalence they are often overlooked (24).

The prevalence of bladder dysfunction amongst MS patients is in a 
range from 50-80% (5, 24). The association between bladder dysfunction 
and worse HRQoL has been shown in two studies by Nortvedt et al. (5-6). 
One of them explored this association in a sample of patients with disease 
duration from 9 to 19 years (5), the other one among the patients in the 
early stage of MS (6). The results showed that the presence of bladder 
dysfunction was associated with worse physical functioning in MS 
patients with longer disease duration and in the early stage of MS (5, 6).      

Bowel dysfunction and its adverse association with a patient’s 
HRQoL has received less attention although its prevalence is high (5-9, 
22-24) and ranges from 40 to 68% (10, 15, 22). Nortvedt et al. found poorer 
HRQoL in MS patients with bowel dysfunction in a sample of 55 patients 
2-5 years after diagnosis (6). Khan et al. described the negative impact of 
bowel dysfunction on HRQoL, although the correlation coefficient was 
weak, it was statistically significant (9).

Many studies have shown a high prevalence of sexual dysfunction in 
MS patients (5-7, 11-21). A study by McCabe has found that patients with 
MS had lower levels of sexual activity and sexual satisfaction compared 
with healthy controls (18). The relationship between sexual dysfunction 
and HRQoL in MS patients has been analyzed only in a few studies (5-
7). Tepavcevic et al. investigated in a sample of 109 MS patients the type, 
intensity and frequency of sexual dysfunction and their association with 
HRQoL. The results showed that patients with sexual dysfunction had 
a lower score on all the subscales of Multiple Sclerosis Quality of Life 
(MSQoL) (7). In the study of Nortvedt et al. it was shown that sexual 
dysfunction was related to lower physical and mental quality of life after 
adjustment for disability in MS patients with disease duration from 9-19 
years (5).     

The studies mentioned above assessed the association of bladder, 
bowel and sexual dysfunction with  HRQoL in MS patients.  The 
potentional weakness of these studies could be that the relationship of 
bladder, bowel and sexual dysfunction and HRQoL was not considered 
independently from other sociodemographic and clinical data. Also 
the role of disease duration is unclear. Thus, the aim of our study is to 
explore the association of bladder, bowel and sexual dysfunction with the 
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physical and mental dimension of HRQoL in patients with MS stratified 
by disease duration (≤5 and >5 years) and controlled for clinical and 
sociodemographic variables. On the basis of previous literature we expect 
that all three types of dysfunction may be associated with lower PCS and 
MCS in the group with a short disease duration as well as with disease 
duration.

Materials and Methods
Sample and procedure
The study included the patients with MS from the MS database of 
neurologic outpatient clinics from the eastern part of Slovakia. Between 
December 2003 and January 2006 consecutive eligible patients with MS 
were asked to participate in the study. Exclusion criteria were: cognitive 
impairment determined by a MMSE score of < 24, history of psychiatric 
or medical condition affecting the outcomes of the study, pregnancy, 
patients not speaking Slovak, under 18 years of age. Of the 412 MS 
patients who were deemed eligible for the study 223 patients (mean age 
38.9± 10.8 years, 67% female, mean EDSS 3.0±1.5) were interviewed and 
189 patients did not respond (response rate of 54.1%). There were no 
statistically significant differences between the non-responders and the 
participants regarding gender. However, non-responders (45.1±10.5 years) 
were significantly  older than the participants (38.4±10.6 years) (p < 0.05). 
The study was approved by the local Ethics Committee of the University 
Hospital L. Pasteur and the Faculty of Medicine, PJ Safarik University in 
Kosice, 2002. Each patient provided a signed informed consent form prior 
to the study. 

The procedure started by sending the questionnaires, an invitation 
letter and a written informed consent form to the participants’ homes by 
postal mail. After two weeks, a trained interviewer called each patient in 
order to arrange a face-to-face interview, allowing clarification of patients 
responses and completion of missing answers in the questionnaires. 
A neurological  examination was performed immediately after the 
interview; the same neurologist examined all patients.

Measures
Health- related quality of life
The patients assessed their own health- related quality of life using the 
SF36- Short Form Health Survey (26). It includes eight multi-item scales 
of functioning and well-being that represent physical and mental  health 
status. The mental component summary (MCS) contains 4 scales: vitality, 
social functioning, role-emotional and  mental health. The physical 
component summary (PCS) also contains 4 scales: physical functioning, 
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role-physical, bodily pain and general health. The scale scores range from 
0 (poor health) to 100 (optimal health) with a lower score indicating lower 
HRQoL. Cronbach’s alpha for the SF-36 total score in the present sample 
was 0.93; for the PCS 0.90 and for the MCS 0.89.

Bladder dysfunction 
The Bladder Control ScaleLCS is a structured, four–item, self-reported 
questionnaire which provides a brief assessment of bladder control 
and the extent to which bladder problems have an impact on everyday 
activities (27). Three of  these items (during the past 4 weeks, how often 
have you: 1- lost control of your bladder or had an accident; 2- almost 
lost of your bladder or had an accident; 3- altered your activities because 
of bladder problems) are scored  on a Likert scale from 0 (not at all) to 
4 (daily), and the fourth item (during the past 4 weeks, how much have 
bladder problems restricted your overall lifestyle) is scored from 0 (not 
at all) to 10 (severely). The total score ranges from 0 to 22, with higher 
scores indicating greater bladder control problems. Cronbach’s alpha for 
the BLCS in the present sample was 0.85.

Bowel dysfunction
The Bowel Control Scale (BWCS) consists of five items measuring bowel 
dysfunction and changes in daily activities  due to bowel symptoms (27). 
Four of these items (during the past 4 weeks, how often have you: 1- been 
constipated; 2- lost control of your bowels or had an accident; 3- almost 
lost control of your bowels or had an accident; 4- altered your activities 
because of bowel control problems are scored on a Likert scale from 0 (not 
at all) to 4 (daily), and the fifth item (during the past 4 weeks, how much 
have bowel problems restricted your overall lifestyle) is scored  from 0 
(not at all) to 10 (severely). The total score  ranges from 0 to 26, with higher 
scores indicating greater bowel control problems. Cronbach’s alpha for 
the BWCS in the present sample was 0.79.

Sexual dysfunction
Sexual dysfunction was assessed by using the Incapacity Status Scale 
(ISS), which contains an item regarding sexual activity (28). The patients 
were asked to circle one of the 5 responses: 0- sexual active as before and/
or not experiencing some sexual problems, 1-less sexual activity as before, 
but still not concerned, 2- sexually less active as before and concerned, 
3- sexually inactive but concerned and 4- no sexual acitivity but not 
concerned. The patients were divided into two groups – the first group 
included patients with no sexual problems or were less or no sexually 
active, but were not concerned (score 0, 1 and 4). The second group 
included less or not sexually active MS patients who were concerned 
(score 2 and 3).   
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All measurement instruments were translated into the Slovak language 
and underwent cultural adaptation (29). 

Sociodemographic and clinical data
Sociodemographic data about the participants including gender, age, 
and education (elementary, secondary and university) were derived from 
the interview. Further clinical data consisted of disease duration (years), 
clinical course (relapse-remitting form, secondary progressive form, 
primary progressive form) (30) and treatment with Disease Modifying 
Drugs (DMD) (yes/no). We dichotomized the disease duration according 
to Kallmann et al. in ≤5 and >5 years (31).

Disability assessment 
The neurological impairment and disability were measured by the 
Expanded Disability Status Scale (EDSS) (25). The EDSS score is 
determined by a neurologist, who assesses the following  functions: 
pyramidal, cerebellar, brain stem, sensory, bowel and bladder, visual 
and cerebral. Disability caused by MS is graded on a continuum from 
0 (normal neurological  examination) to 10 (death caused by MS). EDSS 
scores 1.0 to 4.5 refer to people with MS who are fully ambulatory. EDSS 
steps 5.0 to 9.5 are defined by the impairment to ambulation. 

Statistical analyses
Firstly, we described characteristics of the sample stratified by disease 
duration. The differences in scores between disease duration subgroups 
in sociodemographic variables, clinical variables, PSC and MSC were 
tested by T-test and Chi-Square tests. Next, the relationships (Spearman 
Rank correlation coefficients) among the study variables were explored, 
also stratified by disease duration. Finally, the multiple linear regression 
analysis was performed to assess the associationss between bladder, bowel 
and sexual dysfunction and HRQoL using both summary components of 
the SF-36 (PCS and MCS) as dependent variables. The model was adjusted 
for sociodemographic (gender, age, education) and clinical variables 
(EDSS, use of DMD, disease duration). The analyses were calculated 
separately for patients with disease duration  ≤ 5 years and for those > 5 
years. Statistical analyses were performed using SPSS 16.0 for Windows.

Results
The characteristics of the whole sample and of the two subgroups are 
presented in Table 3.1. Patients with shorter disease duration were younger 
(p≤ 0.001), had predominantly relapse – remitting course (p≤ 0.001), lower 
EDSS (p≤ 0.001) and more frequently used a DMD treatment (p≤ 0.001) 
than those with longer disease duration. Greater bladder control problems 
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(p≤ 0.05) and worse PCS (p≤ 0.01) were reported by patients with longer 
disease duration than  by those with shorter disease duration. 

Table 3.1. Sample characteristics by disease duration

all Disease dura on 
≤ 5 years

Disease dura on 
> 5 years P value

N (%) or 
Mean±SD (range)

N (%) or 
Mean±SD (range)

N (%) or 
Mean±SD (range)

No. of pa ents, n 223 124 99

Gender 

Female 150 (67.3) 85 (68.5) 65 (65.7) ns

Male 73 (32.7) 39 (31.5) 34 (34.3) ns

Age (years) 38.9±10.8 (18-65) 36.7±10.9 (18-65) 41.6±10.0 (21-62) <.001

Educa on 

Elementary school 60 (27.8) 33 (27.3) 27 (28.4) ns

Secondary school 118 (54.6) 69 (57.0) 49 (51.6) ns

University 38 (17.6) 19 (15.7) 19 (20) ns

Clinical course 

RR 147 (65.9) 104 (83.9) 43 (43.4) <.001

SP 53 (23.8) 8 (6.5) 45 (45.5) <.001

PP 23 (10.3) 12 (9.7) 11 (11.1) ns

EDSS 3.0±1.5 (1.0-8.5) 2.6±1.4 (1.0-8.5) 3.6±1.4 (1.0-8.5) <.001

Use of DMD 113 (50.7) 82 (66.1) 31 (31.3) <.001

Bladder problems 4.7±5.8 (0-22) 3.9±5.5 (0-22) 5.7±6.0 (0-22) <.05

Bowel problems 2.6±4.1 (0-23) 2.2±3.9 (0-23) 3.0±4.3 (0-22) ns

Sexual dysfunc on

Pa ents not concerned 170(82.9) 96 (84.2) 74 (81.3) ns

Pa ents concerned 35(17.1) 18 (15.8) 17 (18.7) ns

MCS 56.7±16.0 (12-96) 56.8±15.7 (14-96) 56.6±12.3 (12-91) ns

PCS 48.1±20.4 (7-100) 51.5±20.2 (10-97) 43.8±19.8 (7-100) <.01

RR: relaps-remitting form, SP: secondary progressive form, PP: primary progressive form, EDSS: Expanded Disability Status Scale, 
DMD: disease modifying drugs, MCS: mental component summary, PCS: physical component summary. T-test and Chi-Square tests 
were used to determine the differences between subgroups. *p<.05; **p<.01; ***p<.001; ns - non significant.

Correlations between the study variables
A Spearman´s rho correlations were calculated to show the cross-
sectional relationships between the variables. In both groups, those 
patients reporting more bladder symptoms also tended to report more 
bowel (R=0.34, p≤0.0001 versus R=0.56, p≤0.0001) and  sexual problems 
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(R=0.22, p=0.02 versus R=0.26, p=0.016). In both groups having more 
sexual dysfunction, bladder problems and bowel problems correlated 
with lower PCS and MCS (Tables 3.2 and 3.3).

Table 3.2. Correlations between the variables in the group with disease  duration ≤ 5 years

Bladder 
dysfunc on

Bowel 
dysfunc on

PCS MCS

Sexual dysfunc on 0.22
p=0.02

0.13
p=0.18

-.27
p=0.004

-.30
p=0.002

Bladder dysfunc on 0.34
p<0.0001

-.46
p<0.0001

-.36
p<0.0001

Bowel dysfunc on -.20
p=0.038

-.24
p=0.013

sexual dysfunction: 0- sexually active, sexually less or no active, but not concerned, 1- sexually less or no active, but concerned.  
MCS: mental component summary, PCS: physical component summary. Spearman´s coefficient and p- values are displayed

Table3.3. Correlations between the variables in the group with disease  duration > 5 years

Bladder 
dysfunc on

Bowel 
dysfunc on PCS MCS 

Sexual dysfunc on 0.26
p=0.016

0.11
p=0.318

-.30
p=0.003

-.29
p=0.006

Bladder 
dysfunc on

.56
p<0.0001

-.54
p<0.0001

-.38
p<0.0001

Bowel dysfunc on -.39
p<0.0001

-.29
p=0.005

sexual dysfunction: 0- sexually active, sexually less or no active, but not concerned, 1- sexually less or no active, but concerned. 
MCS: mental component summary, PCS: physical component summary. Spearman´s coefficient and p-values are displayed

Associations of bladder, bowel and sexual dysfunction with self-perceived 
health 
Self-perceived physical health. The variance in self-perceived physical health 
(PCS) was explained by a model consisting of  bladder dysfunction, 
bowel dysfunction and sexual dysfunction, EDSS, use of DMD, disease 
duration, gender, age and education  in both disease duration groups 
(Table 3.4). This model  shows that the adjusted explained variance of PCS 
in both groups was very similar: 40% in the group with shorter versus 
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45% in the group with the longer disease duration. Bladder dysfunction 
was significantly associated with lower PCS in both groups, with higher 
explained variance occuring in patients with the longer disease duration 
(  =-0.23, p≤0.05, 95% CI: -1.6; -0.1versus  =-0.24, p≤0.05, 95% CI: -1.6; 
-0.1). Bowel and sexual dysfunction were not found to be significantly 
associated with PCS in either groups.
Self-perceived mental health. The variance in self-perceived mental health 
(MCS) was explained by the same model as was used for PCS. The final 
model explained 12% of the variance in the group of patients with the 
shorter disease duration and 32% in the group with the longer disease 
duration. In the final model more sexual dysfunction was  associated 
with lower MCS in the group with disease duration of 5 years or less 
(  =-0.23, p≤0.05, 95% CI: -20.7; -0.4). Elementary education appeared 
to be the strongest variable associated with lower MCS in the group of 
patients with the longer disease duration (  =-0.41, p≤0.01, 95% CI: -23.5; 
-4.3). To exclude the interference between  the variables, we completed 
multi-collinearity statistics that showed no linear relationship among 
study variables (the variance inflation factor ranged from 1.04 -3.31).
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Table 3.4. Associations of bladder, bowel and sexual dysfunction with PCS and MCS (SF-36) by 
disease duration controlled for clinical and sociodemographic variables

PCS MCS

Disease 
dura on

≤ 5 yrs > 5 yrs ≤ 5 yrs > 5 yrs

Adjusted 
beta

B (95%CI 
for B)

Adjusted  
beta

B (95%CI 
for B)

Adjusted  
beta

B (95%CI 
for B)

Adjusted  
beta

B (95%CI 
for B)

sexual 
dysfunc on

.02 1.3
(-8.6; 11.2)

-.08 -4.3
(-14.7; 6.1)     -.23*

-10.6
 (-20.7;-0.4)

-.08 -3.3
(-12.2; 5.6)

bowel 
dysfunc on

-.02 -0.2
(-1.2; 0.8)

.01 -0.04
(-0.9; 1.0)

-.17
-0.7

(-1.7; 2,5)
-.08 -0.3

(-1.1;0.5)

bladder 
dysfunc on

      -.23* -0.8
(-1.6; -0.1)

   -.24* -0.8
(-1.6; -0.1)

-.05
-0.1

(-0.9; 0.61)
-.16 -0.4

(-1.1;0.2)

EDSS
-.35*** -5.2

(-8.0; -2.4)
  -.43*** -5.7

(-8.4; -3.0)
-.13

-1.6
(-4.4; 1.2)

-.17 -1.8
(-4.1; 0.5)

use of DMD
.05 2.1

(-4.9;  9.1)
.08 3.3

(-6.0; 12.6) .08
2.6

(-4.4; 9.5)
  .01 0.1

(-7.9; 8.1)

disease dura on .05 0.7
(-1.7; 3.0)

.09 0.4
(-0.5; 1.4)

.03 0.3
(-2.0; 2.6)

  .12 0.5
(-0.4; 1.3)

female gender
-.03 3.6

(-8.4; 5.9)
-.14 -5.7

(13.4; 1.9) -.14
-4.8

(-12.0; 2.4)
 -.21* -6.7

(-13.3;-
0.05)

age
-.29*** -0.6

(-0.9; -0.2)
-.01 -0.2

(-0.6; 0.2)
-.11

-0.2
(-0.5; 1.2)

 -.17 -0.3
 (-0.6; 0.08)

elementary 
educa ona

-.15 -6.8
(-16.8;3.1)

    -.28* -12.2
(-23.0;-1.1)

 .16
5.8

(-4.0; 15.8)
 -.41** -14.0

(-23.5; -4.3)

secondary 
educa ona

-.02 -0.9
(-9.7; 7.8)

-.12 -5.0
(-15.5; 5.5)

 .20
6.7

(-2.0; 15.4)
-.05 -1.5

(-10.6; 7.5)

R2  / Adjusted R2 .46/.40 .52/.45 .21/.12 .42/.32

EDSS: Expanded disability status scale, DMD: disease modifying drugs ; 
* - p ≤ 0.05, ** - p ≤ 0.01, *** - p ≤ 0.001;  a – university education was set as reference category.

Discussion
The aim of the study was to explore whether the presence of bladder, 
bowel and sexual dysfunction may explain the worse physical and mental 
component of health related quality of life in MS patients stratified by 
disease duration (≤5 and >5 years) and controlled for other clinical and 
sociodemographic variables. We found that bladder dysfunction was 
associated with low PCS in both disease duration groups, while more 
severe sexual dysfunction was associated with low MCS in the group of 
patients with a disease duration of 5 years or less.

Bladder dysfunction is a common symptom of MS (5-7, 9-10). In 
this study, we confirmed our expectations that patients with bladder 
dysfunction had a low PCS. The scores were low for patients in an early 
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stage of the disease and also for patients with longer disease duration. 
No association between bladder dysfunction with MCS was found. Our 
findings are in line with the results of a study performed by Nortvedt 
et al. who observed an association of bladder dysfunction with HRQoL 
independently from other clinical data in a sample of 218 MS patients 
with disease duration from 9-19 years (5). In the early stage of MS, the 
importance of bladder dysfunction controlled for other variables has not 
yet been analyzed. 

Our study is the first that analyzed the association of bowel 
dysfunction with PCS and MCS independently from other clinical data. We 
did not find any statistically significant relation between bowel problems 
and PCS and MCS in either groups, those with shorter and with longer 
disease duration. We cannot compare these findings with previous ones 
as there is no study investigating the association of bowel dysfunction 
with HRQoL adjusted for other variables. An explanation for the lack of 
an association with HRQoL may be that the majority of the patients (70%) 
in our sample marked their bowel dysfunction (mainly constipation) as 
being uncomfortable for them, but not changing their daily activities. 
It might be that the more severe cases of bowel dysfunction, i.e. faecal 
incontinence, have a poorer HRQoL, but this group was rather small in 
our sample.

Many studies have shown a high prevalence of sexual dysfunction 
in MS patients, including in those with short disease duration (6-8, 11-21). 
In our study, we observed whether the sexual dysfunction in MS patients 
may explain their worse HRQoL. We found that sexual dysfunction was 
associated with low self-perceived mental health in the group of the 
patients in the early stage of the disease. However, sexual difficulties 
were not associated with HRQoL in the longer disease duration group. 
This finding contrasts with the results of the study of Nortvedt et al. who 
showed that sexual dysfunction was related to lower PCS and MCS after 
adjustment for disability in MS patients with disease duration from 9-19 
years (5). Our results might be explained in two ways. First, by the age 
of patients, the patients with shorter disease duration were significantly 
younger and may have had a higher frequency of sexual intercourse than 
those older with a longer disease duration. Kontula and Haavio-Mannila 
in their study showed that age was significantly associated with sexual 
activity in a sample of 844 healthy people (32). A second explanation 
might be the adjustment to the disease in the group with a longer disease 
duration (33). As increased age and a more advanced stage of the disease 
are not distinguishable, both explanations might be relevant.

This is the first study exploring the association of bladder, bowel 
and sexual dysfunction and health related quality of life independently 
of sociodemographic and clinical data using linear regression analyses 
and stratified by disease duration. Some limitations of this study should 
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be mentioned. The participating MS patients were significantly younger 
than the non-responders, so we may assume that non-responders were a 
proportion of the oldest group with the longest disease duration, and thus 
possibly the most affected group, which might have prevented them from 
the participating. A possible consequence of this might be that outcomes 
are more related to younger patients than to older ones, and the results 
cannot be generalized to the whole MS population. A second limitation 
is that the study has a cross-sectional design, which does not provide 
us information about changes over time, and thus does not allow us to 
explore causal pathways.

Bladder and sexual dysfunction are associated with a significantly 
lower score on HRQoL in MS patients even if they have had MS for 
a relatively short time. We suggest to pay more attention to those 
problems in routine care. Recognition, examination and proper treatment 
is needed to prevent the development of more severe dysfunction and 
this also may lead to an improvement of HRQoL. All MS patients should 
be regularly screened for bladder and sexual dysfunction. The private 
nature of the sexual dysfunction can inhibit the patient and the physician 
during an interview. It might therefore be useful to use the questionnaires 
as a screening method for the recognition of sexual problems. It would 
be interesting to follow the sample over time. Longitudinal data could 
provide us with more information regarding causal relationships between 
bladder and sexual dysfunction and PCS and MCS. 
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Abstract
Sleep disturbance is a common symptom of multiple sclerosis (MS) and 
knowledge about factors that contribute to poor sleep quality is scarce. The 
aim was to explore the differences in the prevalence and determinants of 
poor sleep quality in a sample of patients with MS with disease duration 
≤5 years and >5 years.

We collected data from 152 consecutive patients with MS; 66 patients 
(78% women, averaged 37.35±10.1 years) were in the group with disease 
duration ≤5 years and 86 patients (73.3% women, averaged 42.10±9.4 
years) in the group with disease duration >5 years. Patients filled out the 
Pittsburgh Sleep Quality Index, the Hospital Anxiety and Depression 
Scale, the Multidimensional Fatigue Inventory, one item of the Incapacity 
Status Scale regarding bladder problems and one item of the Short Form-
36 regarding pain. Multiple linear regression was used to analyze the 
relationship between the study variables. 

The prevalence of poor sleep is significantly higher in patients with 
longer disease duration (34.8 vs. 51.2%). Anxiety, reduced motivation and 
mental fatigue (all p<0.05) were associated with poor sleep quality in 
patients with disease duration ≤5 years, whereas pain (p<0.01), depression 
and mental fatigue (both p<0.05) were in patients with disease duration 
>5 years.

Sleep problems are present in patients with MS with both short and 
long disease duration, but these problems are associated with different 
factors. These should be recognized and managed  in addition to the 
treatment of sleep disorders.
Keywords:  multiple sclerosis, sleep quality, disease duration , anxiety, 
pain
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Introduction
Sleep disturbances are common symptoms of multiple sclerosis (MS), 
and their prevalence ranges from 47 to 62% (1-6). Patients with MS report 
reduced quality of night sleep more frequently compared with the healthy 
population (1,3,7), and the association with poorer health-related quality 
of life is also known (3,5). Merlino et al., in their analysis with 120 patients, 
found that poor sleep was an independent predictor of a patient’s mental 
and physical quality of life (5). While more is known about the high 
prevalence and impact of sleep disturbances on quality of life in patients 
with MS (1-5), less is known about the factors that contribute to poor sleep 
quality. 

Previous research has shown that poor sleep is associated with 
fatigue, mood disorders, pain, nocturia, sexual dysfunction and the use 
of medication (4, 5,8, 9); however, these analyses used only descriptive 
statistical methods (4, 8, 9) or correlations (5). Few studies have found 
several independent variables to be associated with a reduced quality 
of sleep (6, 7, 10). A case control study by Bøe Lunde et al. explored 
sociodemographic and clinical associations with poor sleep in a sample 
of 90 patients with MS and 108 sex- and age-matched healthy controls. 
The results indicated that poor sleep is independently associated with 
female gender, use of immunotherapy and the high psychological burden 
of MS (7). Neau et al. reported associations of sleep disorders with 
disability, depression, anxiety, pain, spasticity and bladder dysfunction in 
a univariate analysis, although in a multivariate analysis only depression, 
disability and pain remained associated with poor sleep (6). Bamer et 
al., in their study with 473 patients, found that depression, leg cramps, 
younger age, pain, female gender, fatigue and nocturia were associated 
with reduced quality of sleep. Depression accounted for the majority of 
the variance in sleep problems. Except the variables mentioned above, this 
study also showed that shorter disease duration was associated with more 
severe sleep complaints (10).  

On the basis of previous studies we can expect different factors to be 
related to poor sleep quality in patients with shorter and longer disease 
duration. Patients in the early stage of disease have a lower Expanded 
Disability Status Scale (EDSS) score, and the symptoms of MS are not 
so severe in comparison with those having longer disease duration (11). 
Therefore, we can rather expect psychological factors and mood disorders 
to contribute to poor sleep quality in these patients. Both depression 
and anxiety occur in patients with MS (12,13). The prevalence of anxiety 
seems to be higher when compared with depression in an early stage 
of disease (14). Janssens et al. showed an increase in the occurrence of 
reported anxiety symptoms soon after the announcement of the diagnosis 
to patients with MS (15). Patients with longer disease duration are more 
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disabled, have greater problems with ambulation (11), have a higher 
prevalence of pain (16) and more severe sphincter dysfunction (17) than 
patients with shorter disease duration. Based on this, we can expect that 
factors related to the disease itself could be associated with poor sleep 
quality in patients with longer disease duration. 

To the best of our knowledge there is no study exploring the 
prevalence and factors associated with poor sleep quality separately by 
disease duration. Thus, the aim of our study was to explore the differences 
in prevalence and determinants of poor sleep quality in a sample of 
patients with MS with disease duration ≤5 years and those with disease 
duration >5 years.

Methods
Sample and procedure
The study comprised consecutive patients with MS from the eastern part 
of Slovakia. The patients were recruited between September, 2011 and 
May, 2013. Of the 241 patients with MS who were deemed eligible for the 
study, 182 patients initially agreed to participate (response rate of 76%). 
Patients with cognitive dysfunction determined by a MMSE score of <24 
(N=1) and those who initially agreed to participate but did not fill in the 
questionnaires (N=29) were excluded. 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, 2009. Each patient provided 
a signed informed consent form prior to the study. 

The procedure started by sending an invitation letter, the 
questionnaires, a written informed consent form and a non-response 
sheet to the participants’ home by postal mail. After two weeks, a 
trained interviewer called each patient in order to arrange a face-to-face 
interview, allowing clarification of the patient’s responses and completion 
of missing answers in the questionnaires. A neurological examination 
was performed immediately after the interview; the same neurologist 
was used for all patients. Standardized neurological examination assessed 
seven functional systems: visual, brainstem, pyramidal, cerebellar, 
sensory, bowel / bladder and cerebral.

Measures
All questionnaires used in this study were translated from the original 
language. Next, a backwards translation was made to ensure that no 
meaning was lost in translation. Final changes in the translated version 
were made accordingly (18). 
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Sleep quality
The Pittsburgh Sleep Quality Index (PSQI) is a self-rated questionnaire 
which assesses sleep quality and disturbances over a 1-month time 
interval (19). Nineteen individual items generate seven component scores: 
subjective sleep quality, sleep latency, sleep duration, habitual sleep 
efficiency, sleep disturbances, use of sleeping medication, and daytime 
dysfunction. Each component has a possible score of 0-3, where a higher 
score indicates a greater sleep problem. 

The global PSQI score is the sum of all components scores (range 
0-21); a score of >5 indicates poor sleep (19). Cronbach’s alpha was 0.87 
in our sample.  

Anxiety and Depression 
The Hospital Anxiety and Depression scale (HADS) is a self-administered 
14- item scale with two subscales for detecting clinically significant 
depression (HADS- D) and anxiety (HADS- A) (20). Each item has 
response categories ranging from 0 (no problem) to 3 (extreme problem). 
The summary score for both subscales ranges from 0-21, with the higher 
score meaning worse condition. A score of 7 or lower indentifies non-
cases, 8-10 possible cases, and ≥11 definite cases (20). In the present study 
Cronbach’s alpha was 0.85 for the depression and 0.86 for the anxiety 
subscale.

Fatigue
Fatigue was assessed using the 20-item Multidimensional Fatigue 
Inventory (MFI-20), which measures five dimensions of fatigue: general 
fatigue, physical fatigue, reduced activity, reduced motivation and mental 
fatigue (21). There are 4 items in each dimension which are scored on a 
five-point Likert-scale. The total score in each dimension ranges from 1 
(no fatigue) to 20 (highest possible fatigue) (21). In our sample Cronbach’s 
alpha was 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.

Bladder dysfunction 
Bladder dysfunction was assessed using the Incapacity Status Scale, 
which contains an item regarding bladder problems (22). The patients 
were asked to circle one of the 5 responses: 0 - no difficulty; 1 - occasional 
hesitancy or urgency; 2 - frequent hesitancy or urgency or retention, and/
or use of indwelling or external catheter applied or maintained by self, 
and/or intermittent catheterization by self; 3 - occasional incontinence 
and/or use of indwelling or external catheter applied or maintained 
by others, and/or intermittent catheterization by others; 4 - frequent 
incontinence. A higher score indicates more bladder problems (22). The 
score was used as a continual variable.
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Pain
To assess pain, we asked participants the pain question from the SF-36 
(23): ‘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 (23). The score was used as a continual variable.

Sociodemographic and clinical data
Sociodemographic data about the participants, including gender and 
age, were derived from the interview. Clinical data were obtained from 
medical records. Disability was assessed by the Expanded Disability 
Status Scale (EDSS). Disability is graded on a continuum from 0 (normal 
neurological examination) to 10 (death caused by MS). EDSS scores 1.0 
to 4.5 refer to people with MS who are fully ambulatory. EDSS steps 5.0 
to 9.5 are defined by the impairment to ambulation (24). Other clinical 
data consisted of clinical course (relapse-remitting form or secondary 
progressive form) (25). We dichotomized disease duration according to 
Kallmann et al. (26) as ≤5 and >5 years.

Statistical analyses
Statistical analyses were performed using SPSS 20.0 for Windows. Patients 
were divided into two groups according to disease duration; patients with 
disease duration ≤5 years and those >5 years. Firstly, the study variables of 
the sample were described. T-tests, Mann-Whitney U- tests and Chi-Square 
tests were conducted to determine the differences in scores between both 
disease duration subgroups. Next, the relationship between age, gender, 
anxiety, depression, pain, fatigue and bladder dysfunction were analyzed 
with multiple linear regression analysis (the enter method), using sleep 
quality by disease duration as the dependent variable. The statistical 
analyses were calculated separately for both groups.

Results
The main clinical and demographic data for the whole sample and for 
the two subgroups are presented in Table 4.1. The MS sample consisted of 
76% women; mean age was 40±10 years. After dividing the sample, a total 
of 66 patients (78% women, averaged 37.35±10.1 years old) remained in 
the group with shorter disease duration and 86 patients (73.3% women, 
averaged 42.10±9.4 years old) in the group with longer disease duration. 
Patients with MS duration ≤5 years were younger, had predominantly a 
relapse-remitting course of MS, lower EDSS and higher reduced activity 
than those with longer disease duration. More depressive patients 
and those with more severe bladder dysfunction were in the group of 
patients with disease duration >5 years. The prevalence of poor sleep in 
all patients was 44.1%; in the group with the duration of MS >5 years this 
was significantly higher (51.2% vs. 34.8%). 
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Table 4.1  Background and clinical characteristics of the sample by disease duration 

All Disease dura  on 
≤5 years

Disease dura  on 
>5 years P value

N (%) or 
Mean±SD (range)

N (%) or 
Mean±SD (range)

N (%) or 
Mean±SD (range)

No. of pa  ents, n 152 66 86

Gender 

Female 115 (75.7) 52 (78.8) 63 (73.3) ns

Disease dura  on 7.54±5.4 (1-28) 2.9±1.5 (1-5) 11.1±4.6 (6-28) <.001

Age (years) 40.0±10.0 (18-61) 37.3±10.2 (18-61) 42.10±9.4 (21-61) .003

Clinical course 

RR 122 (80.3) 66 (100) 56 (65.1) <.001

SP 30 (19.7) 0 30 (34.9) <.001

EDSS 3.2±1.4 (1.0-8.0) 2.5±1.0 (1.0-6.0) 3.6±1.4 (1.5-8.0) <.001

PSQI 5.8±3.6 (0-16) 5.3±3.4 (0-13) 6.2±3.6 (0-16) ns

Poor sleep (PSQI >5) 67 (44.1) 23 (34.8) 44 (51.2) .045

HADS-anxiety 6.8±4.3 (0-17) 6.2±4.3 (0-17) 7.2±4.3 (0-17) ns

HADS-depression 5.7±4.2 (0-19)  4.8±4.2 (0-17) 6.3±4.1 (0-19) .015

Pain (SF-36) 2.78±1.3 (1-5) 2.56±1.2 (1-5) 2.95±1.4 (1-5) ns

Bladder problems (ISS ≥1) 87 (57.2) 28 (42.4) 59(68.6) <.001

Fa  gue

General fa  gue 14.0±4.4 (4-20) 13.2±4.7 (4-20) 14.5±4.2 (6-20) ns

Physical fa  gue 14±4.9 (4-20) 12.5±5.0 (4-20) 14.1±4.7 (4-20) ns

Reduced ac  vity 11.0±4.8 (4-20) 10.0±4.8 (4-20) 11.7±4.7 (4-20) .026

Reduced mo  va  on 8.5±3.7 (4-20) 8.0±3.6 (4-16) 8.9±3.7 (4-20) ns

Mental fa  gue 10.3±4.5 (4-20) 9.6±4.5 (4-20) 10.9±4.4 (4-20) ns

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; ISS: Incapacity Status Scale, t-Test, 
Mann-Whitney est and chi-square tests were used to determine the differences between the subgroups. Bold values indicate the 
significance p<0.05

Poor sleep among patients with disease duration ≤5 years
The model consisting of age, gender, anxiety, depression, pain, bladder 
dysfunction and all dimensions of fatigue explained 43% of the variance 
in PSQI (Table 4.2). Variables significantly associated with poor sleep 
quality included anxiety (  = 0.29, p≤ 0.02) and two MFI domains – mental 
fatigue (  = 0.31, p≤ 0.02) and reduced motivation (  = 0.44, p≤ 0.04). 
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Poor sleep among patients with disease duration >5 years
The variance in PSQI was explained by the same model that was used 
in the group of patients with shorter disease duration. The final model 
explained 43% of the variance in PSQI (Table 4. 2). Pain was the strongest 
variable associated with poor sleep (  = 0.27, p≤ 0.01). Also, depression 
( = 0.26, p≤ 0.04) and mental fatigue (  = 0.24, p≤ 0.04) showed a significant 
relationship with poor sleep.

Table 4.2 Factors associated with poor sleep in patients with disease duration  5 years and >5 
years; adjusted betas and p-values from linear regression models 

PSQI

Disease dura  on ≤ 5 yrs > 5 yrs

age -.13 (0.25) -.05(0.58)

gender -.12 (0.29) -.04(0.66)

depression (HADS-D) .22 (0.09)   .26 (0.04)

anxiety (HADS-A) .29 (0.02) -.07(0.54)

bladder dysfunc  on (ISS) -.04 (0.67) .12(0.22)

pain (SF-36) .22 (0.06) .27(0.01)

general fa  gue     .27 (0.18)    .01(0.96)

physical fa  gue -.26 (0.27) .14(0.41)

reduced ac  vity -.02 (0.91) -.28(0.06)

reduced mo  va  on .44 (0.02) .23(0.08)

mental fa  gue .31 (0.04)    .24 (0.04)

R2  / Adjusted R2 .53/.43 .50/.43

Adjusted R2: explained variance; gender: male gender was set as the reference category; HADS-D Hospital Anxiety and Depression 
Scale – depression subscale; HADS-A Hospital Anxiety and Depression Scale – anxiety subscale; ISS Incapacity Status Scale; 
SF-36 Short-Form Health Survey. Bold values indicate the significance p<0.05

Discussion
We explored the differences in prevalence and determinants of poor 
sleep quality in a sample of patients with MS with disease duration 
≤5 years and >5 years. We found that the prevalence of poor sleep was 
significantly higher in patients with longer disease duration. Furthermore 
we found that both disease duration groups differed in factors associated 
with poor sleep quality. The factors associated with poor sleep quality in 
patients with disease duration ≤5 years were anxiety, reduced motivation 
and mental fatigue, whereas pain, depression and mental fatigue were 
associated with reduced sleep quality in patients with disease duration 
>5 years.
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Our study showed that the prevalence of poor sleep is significantly 
higher in patients with longer disease duration. We found the prevalence 
of poor sleep in the whole sample to be lower than described in previous 
papers (1-4, 6). This inconsistent result might be explained by the shorter 
mean disease duration in our sample compared with those in samples 
from previous studies: the rate of prevalence in the group with longer 
disease duration is consistent with previous findings (1-4, 6).

In this study, we confirmed our expectations that anxiety was 
significantly associated with poor sleep in the group of patients with 
shorter disease duration, but it did not play a significant role in the 
patients with longer disease duration. This finding is similar to that of 
Bøe Lunde et al. showing that a high psychological burden of MS was 
independently associated with poor sleep quality (7), although the role 
of disease duration had not been considered. Furthermore, we found that 
depression is significantly associated with poor sleep in patients with 
disease duration longer than 5 years. In patients with shorter disease 
duration depression did not show any significant association with sleep 
problems. Our findings are in line with the results of earlier studies in 
that they showed depression to be associated with poor sleep (6, 10, 27-
28). Bamer et al., in a sample of 473 patients with mean disease duration 
of 14.5 years, described depression as a major determinant of poor sleep 
(10). Another study by Neau et al. showed anxiety and depression to be 
associated with sleep disorders; however, after controlling for other clinical 
variables only the association with depression remained significant. The 
mean disease duration of those patients was 11.6 years (6). Next, we found 
that pain was the strongest variable associated with poor sleep quality in 
our sample of patients with disease duration of more than 5 years. This 
is consistent with the findings of previous studies showing a negative 
association between pain and the quality of night sleep (6, 10). Pain is a 
very frequent distressing symptom associated with MS and is reported by 
more than half of patients with MS; its prevalence increases with greater 
disability and longer disease duration (16).

From our findings on anxiety, depression and pain it must be 
concluded that all three play a different role regarding quality of sleep, 
depending on disease duration: in the early stage of disease anxiety is 
more important, and in the advanced stage depression and pain. An 
explanation for these differences by disease duration in factors related to 
poor sleep may be that shortly after the diagnosis patients suffer more 
from anxiety and fear connected with the uncertainty of the disease 
progression and that they realize that their life will change (14). In 
contrast, patients with a longer disease duration have already adjusted to 
the presence of the disease (29), and the role of depression and pain (30) 
is more relevant regarding the progressive disability and impairment in 
ambulatory status (31). 
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In our study only the mental aspects of fatigue were found to be 
associated with poor sleep quality in both groups; reduced motivation 
and mental fatigue in the group with shorter disease duration and mental 
fatigue in the group with longer disease duration. The majority of the 
research on sleep in MS has been focused on the relationship between 
fatigue and sleep disturbances (4, 9, 32). Most studies have shown an 
association between these two conditions (4, 9, 33, 34). An increased risk 
of fatigue in patients with MS suffering from a sleep disorder was also 
confirmed in a polysomnographic cross-sectional study by Veauthier et 
al.(35). These results are in line with our findings. This relationship might 
be explained by the way that poorer sleep quality can lead to greater 
fatigue, but the design of our study did not allow us to clarify such a 
pathway. Further research with case control studies and longitudinal data 
is needed to clarify these causal pathways.

To the best of our knowledge, this is the first study showing differences 
in the prevalence and determinants of poor sleep quality in a sample of 
patients with disease duration ≤5 years and those with disease duration 
>5 years. Some limitations of this study should be mentioned. Most of 
the variables were evaluated by means of self-reported questionnaires, 
although these have been used in different cultural settings and properly 
translated. In our sample the women-to-men ratio was a bit higher (75.7% 
women), so the results may better explain the sleep quality of women 
than men. A third limitation is that the study has a cross-sectional design, 
which does not provide us information about changes over time and thus 
does not allow us to explore the causal pathways between the studied 
variables.

Our findings of different symptoms associated with poor sleep 
quality in the early and later stages of the disease should be taken into 
account when considering an appropriate intervention. Depression 
or pain may contribute to poor sleep in patients with a shorter disease 
duration, but it seems very likely that anxiety plays a more dominant 
role. Thus, physicians should pay more attention to the potential presence 
of anxiety in all patients who complain about poor sleep quality in an 
early stage of the disease. A short-term anxiolytic treatment combined 
with psychological interventions supporting coping strategies may lead 
to a decline of both symptoms and significantly improve quality of life 
in these patients. The same principle applies for patients with a longer 
disease duration. Routine assessment of pain and depression, and their 
specific treatment should be included into the management strategies of 
poor sleep quality.
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Abstract
Most of the psychological and physical factors associated with poor sleep 
quality in patients with multiple sclerosis (MS) have a different prevalence 
in women and men but whether or not these factors contribute differently 
to sleep quality in women and men with MS is not clear. The aim of this 
study was to identify possible gender differences in factors related to poor 
sleep quality in MS patients.  

We collected data from 153 patients with MS. Patients filled out 
the Pittsburgh Sleep Quality Index (PSQI), the Hospital Anxiety and 
Depression Scale, and one item of the Short Form-36 regarding pain. 

The best model of predictors of poor sleep quality consisting of 
gender, depression, anxiety and the interaction between gender and 
pain showed that the only variable interacting with gender, which 
was significantly associated with poor sleep quality was pain (B=1.01, 
95%CI:  0.28; 1.8). Separate models for men and women consisting of 
pain, depression, anxiety, after adjustment for age, disease duration and 
disability showed that pain was the only variable associated with poor 
sleep quality in men (B=3.32, 95%CI: 0.99; 5.6), whereas depression (B= 
0.27, 95%CI: 0.07; 0.46) and anxiety (B= 0.24, 95%CI: 0.01; 0.42) were in 
women.

Factors contributing to poor sleep quality in MS patients differ by 
gender.  Depression and anxiety are associated with poor sleep quality in 
women; whereas pain is in men. This highlights the need to apply gender 
specific approaches to the treatment of sleep disorders.
Keywords: gender differences, multiple sclerosis, sleep quality 
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Introduction
Most of the patients with multiple sclerosis (MS) complain of poor sleep 
quality (1), which frequently interferes with their daily activities and 
worsens their health-related quality of life (2). MS patients with poor 
sleep complain of excessive daytime sleepiness, impaired concentration, 
memory and learning deficits, altered mood and fatigue (3, 4). Merlino et 
al. showed that poorer sleep quality was directly correlated with a higher 
disability measured by EDSS (2). 

The prevalence of sleep problems in the MS population ranges 
from 47 to 62% with a higher prevalence in women (1, 5). Boe Lunde et 
al. found that females also had a much poorer sleep quality, in a sample 
of 90 patients with MS (6).  A similar female predisposition for poorer 
sleep quality has been found in studies among otherwise healthy people 
(7, 8) which have proposed several explanations for this finding. First, sex 
hormones and genetic mechanisms may contribute to sleep differences 
between women and men (9, 10). Second, gender differences may exist 
in psychosocial factors that affect sleep quality (7, 8). More specifically, 
the prevalence of anxiety and/or depression is consistently found to be 
higher in women which may lead to a poorer sleep quality in women than 
in men. Third, some physical factors disrupt sleep such as pain, which are 
again more prevalent in female subjects (10).

Factors associated with poor sleep quality in MS patients are very 
similar to those reported in the general population. A higher level of 
depression and/or anxiety, increased fatigue, more severe pain or bladder 
dysfunction have all been reported as important contributors of poor 
sleep (1, 2, 6). Studies in the general population (7) or in patients with 
other chronic disorders (11) explained the role of gender in sleep quality 
mostly by different prevalence rates of factors contributing to poor sleep 
in women and men. The conclusions of those studies cannot be clearly 
translated to the MS population. Research findings in these patients 
are rather ambiguous regarding gender differences in the prevalence 
of factors associated with sleep quality in MS patients. They seem to be 
different from those reported for the general population and for other 
chronic disorders (7, 11).

Regarding the higher prevalence of depression/anxiety in women, 
some studies confirmed such an association for MS patients (12), whereas 
others did not (13,14). Research on gender differences in the prevalence of 
pain among patients with MS is very scarce and findings are conflicting. 
Some studies reported an association between pain and gender (15, 16) 
others found no gender differences in the prevalence of pain (17, 18). 
Regarding fatigue, previous research failed to show any association 
between fatigue and gender in MS patients (19). 
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To the best of our knowledge there is no study exploring whether 
the predictors of poor sleep quality are different in women and men 
with multiple sclerosis. Thus, the aim of our study is to identify possible 
gender differences in psychological and physical factors related to poor 
sleep quality in patients with MS. 

Methods
Sample and procedure
The study comprised 213 consecutive patients with MS from the eastern 
part of Slovakia. Patients were recruited from our clinical MS database 
between September 2011 and November 2013. All patients were diagnosed 
according to the McDonalds criteria (2010). Out of these, 60 patients 
refused to participate (response rate of 72%) in the study. Patients were 
excluded if they had a cognitive dysfunction determined by a Mini-
Mental State Examination (MMSE) score of <24 or a history of psychiatric 
or medical conditions affecting the outcomes of the study. No patients 
were excluded because of the exclusion criteria. The final sample consisted 
of 153 patients. The local Ethics Committee of the Faculty of Medicine, 
PJ Safarik University in Kosice approved the study in 2009. All patients 
provided a written informed consent 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 find 
whether the patients 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).

The same sample of participants and obtained data were analyzed 
in our previous study, but no overlapping results have previously been 
published (1).

Measures
Questionnaires regarding sleep quality, pain, bladder dysfunction, 
depression and anxiety were translated from the original language into 
Slovak. A back-translation was then made to ensure that no meaning was 
lost in the original translation, with final changes in the translated version 
made accordingly (20).

Sleep quality
Sleep quality was assessed by the Pittsburgh Sleep Quality Index (PSQI). 
The PSQI is a self-rated questionnaire which consists of nineteen individual 
items generating seven component scores: subjective sleep quality, sleep 
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latency, sleep duration, habitual sleep efficiency, sleep disturbances, use 
of sleeping medication and daytime dysfunction (21). After recoding, each 
component has a possible score of 0-3, where a higher score indicates a 
greater sleep problem. The global PSQI score is the sum of all components 
scores (range 0-21); a score higher than 5 indicates poor sleep (21). The 
PSQI assesses sleep quality and disturbances over a 1-month time interval. 
Cronbach’s alpha was 0.87 in our sample.  

Psychological and physical factors 
Depression and anxiety were assessed by the self-administered Hospital 
Anxiety and Depression Scale (HADS) questionnaire. The HADS consists of 
two subscales for assessing anxiety (HADS-A) and depression (HADS-D). 
Each subscale consists of seven items with scoring from 0 (no problem) to 
3 (extreme problem) (22). The summary score for both subscales ranges 
from 0-21, with a higher score indicating a worse condition. Cut-off values 
applied are: a score of 7 or lower indentifies non-cases, 8-10 possible cases, 
and ≥11 definite cases (22).  In our sample Cronbach’s alpha was 0.85 for 
the depression and 0.86 for the anxiety subscale. 
Pain was assessed by the pain question from the SF-36 (23):”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 (23).

Covariates
Sociodemographic and clinical data about the participants, including gender, 
age and disease duration, were obtained from structured interview and 
medical records. 
Disability assessment. The Expanded Disability Status Scale (EDSS) was 
used to rate the neurological disability (24). The EDSS quantifies disability 
in eight functional systems: pyramidal, cerebellar, brain stem, sensory, 
bowel and bladder, visual, cerebral (mental) and others. The EDSS scale 
ranges from 0 (normal neurological examination) to 10 (death caused 
by MS). EDSS scores from 1.0 to 4.5 refer to people with MS who are 
fully ambulatory. EDSS steps 5.0 to 9.5 are defined by the impairment to 
walking (24).

Statistical analyses
Firstly, we described the characteristics of the sample (sleep quality, 
anxiety, depression, pain, disease duration, age, disease course, EDSS), 
by gender. Statistical significance of gender differences were tested 
by T-tests, Mann-Whitney U-tests and Chi-Square tests. Next, we 
computed bivariate correlations between anxiety, depression, pain, 
disease duration, age, disease course, EDSS and sleep quality, to select 
the variables with a statistically significant association with sleep quality 
for further analysis. Then, linear regression analyses were performed to 
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assess the association of pain, depression and anxiety, with sleep quality, 
including the interactions between gender and these variables, leading 
to standardized (betas), and to unstandardized regression coefficients 
(B’s) with 95%-confidence intervals (CI). The analyses were adjusted for 
age, gender, disease duration and EDSS. A stepwise method (backward 
elimination) was used to find the best set of predictors. Finally, linear 
regression analyses were performed on the same variables, stratified 
by gender. Statistical analyses were performed using IBM SPSS 20.0 for 
Windows. 

Results
A basic description of the MS sample is given in Table 5.1. The sample 
consisted of 37 men (mean age 42.5±10.7 and mean disease duration 8.0±5.3) 
and 116 women (mean age 39.2±9.6 and mean disease duration7.4±5.5). 
There were no statistically significant differences in the studied variables 
between gender groups, except that women suffered significantly more of 
the relapse-remitting form of MS. 

Table 5.1 Background and clinical characteristics of the sample by gender 

All men women P value

No. of pa  ents; n (%) 152 37 (24.0) 115 (76.0)

Disease dura  on; mean, SD (range) 7.54±5.4 (1-28) 8.0±5.3 (1-19) 7.4±5.5 (1-28) .80

Age (years); mean, SD (range) 40.0±10.0 (18-61) 42.5±10.7 (18-61) 39.2±9.6 (21-59) .08

Clinical course <.001

Relapse- remi   ng; n (%) 122 (80.3) 22 (60.0) 100 (87.0)

Secondary progressive; n (%)   30 (19.7) 15 (40.0) 16 (13.0)

EDSS; mean, SD (range) 3.1±1.3 (1.0-8.0) 3.5±1.6 (1.0-8.0) 3.0±1.3 (1.5-7.5) .05

PSQI; mean, SD (range) 5.8±3.5 (0-16) 5.3±3.6 (0-16) 6.0±3.5 (0-16) .30

Poor sleep (PSQI >5); n (%) 68 (44.4) 14 (37.8) 54 (46.6) .35

HADS-anxiety; mean, SD (range) 6.8±4.3 (0-17) 6.2±4.1 (0-17) 7.0±4.3 (0-17) .33

HADS-depression; mean, SD (range) 5.7±4.2 (0-19)  6.0±4.0 (0-17) 5.6±4.3 (0-19) .47

Pain (SF-36); mean, SD (range) 2.8±1.3 (1-5) 3.1±1.4 (1-5) 2.7±1.3 (1-5) .11

EDSS  Expanded Disability Status scale; PSQI Pittsburgh Sleep Quality Index; HADS Hospital Anxiety and Depression Scale; SF-36 
Short Form Health Survey. t-Test, Mann-Whitney U-Test and chi-square tests were used to determine the differences between the 
subgroups. Bold values indicate significant gender differences p<0.05
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Gender differences in predictors of poor sleep quality
The best model of predictors of poor sleep quality consisted of gender, 
depression, anxiety and the interaction between gender and pain. Thus, 
the only variable which significantly interacted with gender was pain 
(B=1.01, 95%CI: 0.28; 1.80). This model explained 38% of the variance in 
the PSQI scores (Table 5.2). 

Regression analyses stratified by gender yielded a different set of 
predictors of poor sleep quality in men and women with MS. In men, the 
final model consisted of pain, depression and anxiety after adjustment 
for age, disease duration and EDSS and explained 39% of the variance 
in the PSQI scores (Table 5.3). The only variable significantly associated 
with poor sleep quality in men was pain (B=3.32, 95%CI: 0.99; 5.60). In 
women, the final model explained 35% of the variance in the PSQI scores 
(Table 3). The variables significantly associated with poor sleep quality in 
women included depression (B= 0.27, 95%CI: 0.07; 0.46) and anxiety (B= 
0.24, 95%CI: 0.01; 0.42). 

Table 5.2 Factors associated with poor sleep; adjusted betas, beta (B) and 95% confidence 
intervals (CI) for B from linear regression models 

PSQI

Adjusted beta B 95% CI for B

Predictors

Gender -.16* -1.30 -2.40 – -.11

Depression (HADS-D)  .31** .26     .10 – .43

Anxiety (HADS-A)  .26** .22     .06 – .38

Gender*pain (SF-36) .20** 1.01    .28 –  1.80

R2 / Adjusted R2 .40/.38

PSQI Pittsburgh Sleep Quality Index; HADS-D  Hospital Anxiety and Depression Scale – depression subscale; HADS-A Hospital Anxiety 
and Depression Scale – anxiety subscale; SF-36 Short-Form Health Survey;  adjusted R2: explained variance by the predictors,
 * - p < 0.05, ** - p <0.01
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Table 5.3 Factors associated with poor sleep in men and women; adjusted betas, beta (B) and 
95% confidence intervals (CI) for B from linear regression models 

PSQI

Men Women

Adjusted 
beta

B
(95% CI for B)

Adjusted
beta

B
(95% CI for B)

Predictors

Pain (SF-36) .46** 3.32 (.99-5.6) .04 .35 (-.93- 1.6)

Depression (HADS-D) .25   .23  (-.18-.65)    .32** .27 (.07- .46)

Anxiety (HADS-A) .16  .14 (-.28-.56)  .29* .24 (.01- .42)

Covariates

Age .04 .01 (-.08-.12) .05 .03 (-.08- .41)

Disease dura  on .08  .07 (-.21-.28) .06 -.04 (-.14 - .06)

Disability (EDSS) -.13 -.31 (-.98-.54) .11 .29 (-.21- .80)

R2  / Adjusted R2 .50/.39 .39/.35

PSQI Pittsburgh Sleep Quality Index;  SF-36 Short-Form Health Survey; HADS-D Hospital Anxiety and Depression Scale – 
depression subscale; HADS-A Hospital Anxiety and Depression Scale – anxiety subscale; EDSS Expanded Disability Status Scale. 
Adjusted R2: explained variance by the predictors after adjustment for age, disease duration and EDSS. * - p < 0.05, ** - p <0.01

Discussion
The aim of this study was to identify possible gender differences in factors 
related to poor sleep quality in patients with MS. Our results supported 
our expectations that different conditions may contribute to poor sleep 
quality in women and men with MS. We found that factors associated 
with poor sleep quality in women were depression and anxiety, whereas 
pain was associated with poor sleep quality in men.

We found that depression and anxiety were factors significantly 
associated with poor sleep quality in women with MS. Anxiety and 
depression are known to be common among the individuals with MS (25, 
26). In earlier studies, both conditions were found to be important factors 
contributing to poor sleep quality in MS patients (1, 6) although we found 
no studies presenting data about their impact on sleep quality in women 
and men with MS. The observation from previous studies conducted 
among the general population and other chronic conditions showed 
depression and/or anxiety to be specific contributors of poor sleep in 
women (7, 27, 28). A recently published study by Palagini et al. showed 
that the presence of depressive symptoms was the main determinant of 
poor sleep quality among women with systemic lupus erythematosus 
(27). A similar finding was shown among women with fibromyalgia (28). 
The results of our study are in line with the findings among other types of 
diseases (27, 28) and confirmed our expectation that in the MS population 
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both conditions were the main contributors of poor sleep quality in 
women. 

Concerning the factors associated with poor sleep quality in men the 
strongest association was observed with pain. Pain is a common symptom 
in MS and is reported by more than half of MS (1, 29, 30). Our observation 
that pain worsens sleep in men and not in women with MS seems to be 
inconsistent with the previous research in the general population or other 
chronic diseases (9, 31). Considering that the prevalence of pain in our 
sample was almost similar across the gender groups our findings cannot 
be explained by a different prevalence of pain in women and men. That 
was found in several studies in the general population or other chronic 
diseases (16, 17). Thus, we might expect that other aspects of pain may have 
played a role in the association of pain with sleep quality. For example, 
gender differences in the peak time and characteristics of pain have been 
found in a study by Morin et al. in a sample of patients with postsurgical 
pain (32). Women reported the highest pain intensity during the day, 
whereas men experienced higher intensities of pain in the evening. This 
observation could explain a more dominant role of pain in influencing 
sleep in men than in women. Furthermore, we used a self-reported pain 
scale and the research in this area indicates that males are less likely to 
self-report pain. When they do self-report they often have difficulty in 
explaining the extent of their real pain experience (33). Thus, it can be 
deduced, that women may have rated low intensity stimuli without the 
potential to influence the sleep as already painful, whereas men have 
rated as painful only those which interfered with their sleep. Further 
research is needed to explore this, in particular in MS patients.

This is the first study investigating gender differences in factors 
related to poor sleep quality in MS patients. We used internationally 
frequently used and carefully validated questionnaires to obtain the 
data. Furthermore all recorded answers were personally checked during 
the interview with the patient to avoid any confusion and increase the 
credibility of the answers. 

Some limitations of this study should also be mentioned. The study 
has a cross-sectional design, which does not allow us to explore the causal 
pathways between the studied variables. Most of the variables were 
measured by means of self-report questionnaires. However, these have 
been used in different cultural settings and properly translated. 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. Finally, we found different models for men 
and women, but only a statistically significant interaction with gender for 
pain. This may imply chance findings of gender differences, showing a 
need for future research with a larger sample.
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We found a stronger association between depression, anxiety and 
sleep quality in women rather than in men, in whom the presence of 
pain was the main predictor of poor sleep quality. Therefore, a gender-
differential approach should be applied when assessing poor sleep quality 
in women and men as we found gender differences regarding factors 
contributing to poor sleep. A more dominant role of mood disorders in 
women than in men implies that anti-depressive or anxiolytic treatment 
may be useful in women with poor sleep. Men with sleep problems also 
can suffer from mood disorders, but it seems that physical symptoms 
such as pain have a more important role in disturbing their sleep. Thus, in 
men an effective pain management in particular deserves attention. 

The present study should be replicated with a larger sample to 
confirm our findings as we were the first to assess such gender differences. 
Moreover, as previous research hypothesized that the relationship between 
pain, depression, anxiety and sleep disorders might be bidirectional (34) 
it would be interesting to explore the causal pathways between those 
variables to improve the understanding of poor sleep quality in MS 
patients.

We found that depression and anxiety contributed to poor sleep 
quality in women, but pain in men. Understanding gender differences in 
sleep will allow for better diagnosis, treatment and eventually prevention 
of poor sleep. Our findings highlight the need to apply gender specific 
approaches to the treatment of sleep disorders. 
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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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Abstract 
Poor sleep quality is a common complaint in patients with multiple 
sclerosis (MS). Research exploring the association between sleep quality 
and disability is scarce and does not present conclusive findings. The aim 
of the study is to assess whether the association between sleep quality and 
functional disability in MS patients controlled for age, gender and disease 
duration is mediated by depression, pain and physical fatigue.

We collected data from 152 consecutive patients with MS (75% 
women, average age 40±10 years). Patients filled out the Pittsburgh 
Sleep Quality Index, the Hospital Anxiety and Depression Scale, the 
Multidimensional Fatigue Inventory and one item of the Short Form-36 
regarding pain. Mplus (v7.1) was used to test the mediation.

Sleep quality was associated with greater disability after controlling 
for age, gender and disease duration (β=.35, p<0.001) but did not 
contribute to disability (β=.09, p>0.05) after controlling for depression, 
pain and physical fatigue. The relationship between poor sleep quality 
and disability was mediated by depression (p<0.05), pain (p<0.001) and 
physical fatigue (p<0.01). 

Treatment of sleep disturbances may have beneficial effects beyond 
improving sleep. It may reduce depressive symptoms, levels of pain and 
physical fatigue, which in turn may lessen disability.
Keywords: sleep quality, disability, multiple sclerosis
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Introduction
Poor sleep quality is an serious burden for patients with multiple 
sclerosis (MS) and could have an adverse impact on patients’ health 
and quality of life (1,2). Research has shown that patients suffering from 
sleep disturbances have daytime impairment of cognition, mood, or 
performance that impacts on the patient and potentially on family, friends, 
coworkers and caretakers (3). Next, sleep disturbances may contribute to 
the genesis of fatigue, another debilitating symptom associated with MS 
(4). A few studies have even shown, that poor sleep quality in MS patients 
was related to greater disability (1,5). However, research on this topic is 
scarce with inconsistent findings (1, 5-7). The study of Neau et al. showed 
that disturbed night sleep was related to greater disability, estimated 
using EDSS, independently from depression and pain (5). Merlino et al. 
reported similar results, showing that a significantly higher EDSS score 
was found more frequently among poor sleepers than among good 
sleepers and that the EDSS score was associated directly with the global 
PSQI score (1). On the other hand, some studies have found no connection 
between the presence of poor sleep quality in MS patients and disability 
as measured by the EDSS score (6, 7). Bamer et al., exploring the role of 
multiple factors on sleep problems, did not find a relationship between 
sleep quality and disability (6), similarly to the results of Stanton et al. (7). 
The ambiguity of these results underlines the possible role of other factors 
that may influence this relationship.  

Poor sleep quality in MS has been associated with a spectrum of 
variables. Mood disorders, pain and fatigue are the most common 
symptoms related to poor sleep quality in MS patients (1, 8, 9). Relationship 
of pain and depression with poor sleep quality have been suggested to 
be bidirectional, where more severe pain and depression worsen sleep 
quality and vice versa, while the presence of fatigue is mostly explained 
as a consequence of poor sleep (10,11). Depression, pain and fatigue are 
also known to be associated with greater functional disability in patients 
with MS (12,15-18). A study by Solaro et al. showed that pain led to greater 
disability, as measured by the Expanded Disability Status Scale (EDSS) 
(12). Several studies have examined the link between depression and 
disability with contradictory results (13-15). Some of the studies found 
no association (13, 14), whereas others found a strong association between 
these two factors (15). Other analyses exploring the association between 
fatigue and disability have shown the presence of fatigue to be related to 
greater disability (16, 17). Moreover, one longitudinal study found that a 
higher physical dimension of fatigue predicted increased disability after 
3 years (18). 

On the basis of the aforementioned studies showing links between 
sleep quality, depression, pain, fatigue and disability and previous 
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conflicting results regarding the relationship between poor sleep quality 
and functional disability, we aim to assess whether this relationship 
controlled for age, gender and disease duration is direct or indirect, 
mediated by depression, pain and physical fatigue. To the best of 
our knowledge, there is no study investigating the mediating role of 
depression, pain and physical fatigue on the relationship between sleep 
quality and disability in an MS population controlled for age, gender 
and disease duration. Understanding of interrelationships between these 
symptoms may help to find the most effective therapeutic strategies.  

Methods
Sample and procedure
The participants consisted of a consecutive sample of patients with MS 
from the eastern part of Slovakia from our clinical MS database. The 
patients were recruited between September 2011 and January 2014. 
Exclusion criteria were cognitive dysfunction determined by a MMSE 
score of <24 and a history of a psychiatric or medical condition affecting 
the outcomes of the study. Of the 210 MS patients who were deemed 
eligible for the study, 58 patients refused to participate (response rate of 
72%), and no patients were excluded because of the exclusion criteria. 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 in 2009. All participants 
signed an informed consent form prior to the study. 

Data for this cross-sectional study were collected by means of mailed 
self-report questionnaires, a face-to face interview and a neurological 
examination. The invitation letter, the questionnaires, a written informed 
consent form and a non-response sheet were sent to the participant’s home 
by postal mail. After two weeks, patients were contacted by a phone call 
to arrange an interview, enabling clarification of the patient’s responses 
and completion of missing answers in the questionnaires. After this, a 
neurological examination was performed; the same neurologist (MV) 
examined all patients.

Measures
All questionnaires used in this study were translated from the original 
language into Slovak. A back-translation was then made to ensure that 
no meaning was lost in the original translation, with final changes in the 
translated version being made accordingly (19).

Disability assessment
The degree of functional disability was measured using the Expanded 
Disability Status Scale (EDSS) (20). The final EDSS score was based upon 
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the neurological examination of eight functional systems: pyramidal, 
cerebellar, brain stem, sensory, bowel and bladder, visual, cerebral 
(mental) and the other. Disability is graded on a continuum from 0 (normal 
neurological examination) to 10 (death caused by MS). EDSS scores from 
1.0 to 4.5 refer to people with MS who are fully ambulatory. EDSS scores 
from 5.0 to 9.5 are defined as impairment to ambulation (20).

Sleep quality
The Pittsburgh Sleep Quality Index (PSQI) is a self-administered 
questionnaire which assesses sleep quality and disturbances over the 
previous 4-week period. (21). It consists of nineteen questions, resulting 
in seven domain scores: subjective sleep quality, sleep latency, sleep 
duration, habitual sleep efficiency, sleep disturbances, use of sleeping 
medication and daytime dysfunction. Each domain has a possible score 
of 0-3, where a higher score indicates poorer sleep. The global PSQI score 
is the sum of all the domains scores (range 0-21); a higher score means 
lower quality of sleep, and a score higher than 5 indicates poor sleep (21). 
Cronbach’s alpha was 0.87 in our sample.  

Depression 
The depression subscale of the self-administered Hospital Anxiety and 
Depression Scale (HADS) questionnaire was used to measure the level 
of depression (22). This questionnaire comprises 14 items. Seven of those 
assess the severity of depressive symptoms. Each item is rated on a 4-point 
scale ranging from 0 (no problem) to 3 (extreme problem), yielding the 
summary score of depression subscale (HADS-D), which ranges from 
0-21, with a higher score meaning worse depression. A score of 7 or lower 
identifies non-cases, 8-10 possible cases, and ≥11 definite cases (22). In the 
present study Cronbach’s alpha for the depression subscale was 0.85.

Pain
To assess pain we asked participants the pain question from the SF-36 (23): 
“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 (23).

Fatigue
The Multidimensional Fatigue Inventory (MFI-20) comprises 20 items 
which are designed to measure fatigue in five dimensions: general 
fatigue, physical fatigue, reduced activity, reduced motivation and mental 
fatigue (24). There are 4 items in each dimension which are rated on a 
five-point Likert-scale; patients mark how much they agree with the given 
statements: 1 (“Yes, that is true”) and 5 (“No, that is not true”). The total 
score in each dimension ranges from 4 (no fatigue) to 20 (highest possible 
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fatigue) (24). Only the physical fatigue dimension was used in our study. 
Cronbach’s alpha for physical fatigue was 0.85.
Sociodemographic and clinical data
Sociodemographic data were obtained from medical records, including 
information on gender, age and disease duration.

Statistical analyses
Firstly, the characteristics of the sample (age, gender, disease duration, 
quality of sleep, pain, depression and physical fatigue) were described. 
Next, hierarchical regression analyses were performed using the enter 
method to explore the association between sleep quality and disability. 
In the first step the relationship between sleep quality and disability was 
analyzed, and in the second step it was controlled for age, gender and 
disease duration. In the third step depression, pain and physical fatigue 
were added to the model. Finally, bivariate correlations and multiple 
linear regression analyses were performed in order to calculate data for 
mediations. Tests of mediation (specific indirect effects for each mediator) 
were conducted to test our hypothesis that the effect of sleep quality on 
disability is mediated by the selected variables (depression, pain and 
physical fatigue). Statistical analyses were performed using IBM SPSS 20.0 
for Windows and Mplus version 7.1 (25).

Results
The main clinical and demographic data for the sample are given in Table 
7.1. The MS sample consisted of 152 patients (75% women) with an average 
age of 40±10 years and mean disease duration of 7.5±5.4 years. The mean 
EDSS score was 3.1±1.31. The mean PSQI score was 5.8±3.5. 
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Table 7.1 Background characteristics of the sample 

All

N (%) or 
Mean±SD (range)

No. of pa  ents, n 152

Gender 

Female 115 (75.7)

Disease dura  on 7.5±5.4 (1-28)

Age (years) 40.0±10.0 (18-61)

Clinical course 

relapse-remi   ng 122 (80.3)

secondary -progressive 30 (19.7)

EDSS 3.1±1.3 (1.0-8.0)

PSQI 5.8±3.5 (0-16)

HADS-depression 5.7±4.2 (0-19)

Pain (SF-36) 2.8±1.4 (1-6)

Physical fa  gue (MFI-20) 13.5±4.9 (4-20)

EDSS - Expanded Disability Status Scale; PSQI - Pittsburgh Sleep Quality Index; HADS - Hospital Anxiety and Depression Scale; 
SF-36 - Short-Form Health Survey, MFI-20 - Multidimensional Fatigue Inventory-20

Factors associated with disability
Hierarchical regression analyses were carried out to find the relationship 
between sleep quality and disability, controlled for the other study 
variables. Firstly, the relationship between sleep quality and disability was 
controlled for age, gender and disease duration. This model explained 33% 
of the variance in the EDSS score and confirmed that poor sleep quality 
is significantly associated with greater disability (β=.31, p≤.001) after 
adjustment for age, gender and disease duration. In the following step, 
depression, pain and physical fatigue were entered to explore whether 
this relationship remains significant after controlling for these variables. 
The final model explained 43% of the variance in the EDSS score, but the 
quality of sleep was no longer found to be significantly associated with 
disability (β=0.09, p>0.05). The predictors of EDSS were disease duration 
(β=.29, p≤.001), depression (β=.19, p≤.01), pain (β=.27, p≤.001), physical 
fatigue (β=.17, p≤.05) and male gender (β=-.18, p≤.05) (Tab 7.2). 
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Table 7. 2 Factors associated with disability (EDSS); beta (B), adjusted betas, and p-values from 
hierarchical regression model

B β
(p-value) R2 Adjusted 

R2 ∆ R2 F/sig F 
change

1. model .13 .12*** .13 21.70***

sleep quality (PSQI) .12   .35***

2. model .35 .33*** .23 20.07***

sleep quality (PSQI) .10    .31***

age .03  .22**

gender -.54 -.20**

disease dura  on .07    .31***

3. model .45 .43*** .02 17.02*

sleep quality (PSQI) .03      .09

age .02      .12

gender -.50     -.18*

disease dura  on .06    .29***

depression (HADS-D) .11  .19**

pain (SF-36) .23    .27***

physical fa  gue (MFI-20) .05      .20*

Adjusted R2: explained variance by the predictors Gender: male gender was set as the reference category; PSQI – Pittsburgh Sleep 
Quality Index; HADS-D – Hospital Anxiety and Depression Scale – depression subscale; SF-36 – Short-Form Health Survey; MFI-20 
– Multidimensional Fatigue Inventory. *** p<0.001, ** p<0.01, *p<0.05

Mediation 
Because the results of the regression analysis did not show a direct 
relationship between sleep quality and disability, multiple mediations 
were used to test the hypothesis that the effect of sleep quality on disability 
might be mediated by depression, pain and physical fatigue. Following 
the Mplus version 7.1 guidelines for mediation analyses, bivariate 
correlations among the study variables were completed. The results 
showed a significant regression coefficient between sleep quality and all 
potential mediators: depression (β=.23, p<0.01), pain (β=.48, p<0.01) and 
physical fatigue (β=.28, p<.01), as well as significant relationships between 
disability and depression (β=.19, p<.01), pain (β=.27, p<.01) and physical 
fatigue (β=.20, p<.01). The initial relationship between sleep quality and 
disability was also significant (β=.35, p<.01). Finally, the standardised 
indirect effects for each mediator were calculated. The results confirmed 
that all variables – depression (p<.05), pain (p<.001) and physical fatigue 
(p<.01) – carried an influence of sleep quality on disability (Figure 7.1). 
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Discussion
The aim of this study was to assess whether the association between 
sleep quality and functional disability in MS patients, controlled for age, 
gender and disease duration, was direct or mediated by depression, pain 
and physical fatigue. Our results showed that poorer sleep quality was 
associated with greater disability after controlling for age, gender and 
disease duration; however, after controlling for depression, pain and 
physical fatigue, the significant relationship between sleep quality and 
disability disappeared. The mediation model in this study indicated that 
poorer sleep quality is related to greater disability, but this relationship 
was indirect and was fully mediated by depression, pain and physical 
fatigue. 

Research exploring the association between sleep quality and 
disability has thus far been scarce and has not presented any conclusive 
findings (1,5-8). Our results indicating that poorer sleep quality was 
not associated with greater disability after controlling for age, gender, 
disease duration, depression, pain and physical fatigue are in line with 
the analyses of Bamer et al. (6) and Stanton et al. (7). These studies also 
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provided evidence that the EDSS score was not significantly associated 
with sleep problems after controlling for several sociodemographic 
and clinical variables. On the other hand, a few studies have presented 
contrasting results (1,5). Specifically, a study by Merlino et al. showed 
that a significantly higher EDSS score was found more frequently among 
poor sleepers than among good sleepers, and that the EDSS score was 
correlated directly with the global PSQI score, although the relationship 
was not controlled for other variables (1). Contradictory findings of 
previous research (1, 5) indicate that other factors may play a role in this 
relationship, but none of these studies analyzed the possible mediating 
effect of other variables on the relationship between sleep quality and 
disability.

Depression is a frequent disabling neuropsychiatric symptom in 
MS. Our mediation model showed that poor sleep quality in MS patients 
may worsen depressive symptoms, which in turn may be associated 
with greater disability. Several studies have clearly shown that poor 
sleep quality and depression are closely linked (6, 8) and appear to have 
a bidirectional relationship, where unrestful sleep worsens depression 
and vice versa (10). On the other hand, research investigating whether 
more depressive MS patients also have higher disability did not find 
such consistent results. Some studies found no significant association (13-
14), whereas others found a strong association between depression and 
disability (15, 26). 

We also found that pain is closely related to poor sleep quality and 
disability. In general, sleep and pain represent two strictly associated 
clinical conditions, and their relationship is considered to be bidirectional 
(11, 27-28). That is, having pain disrupts the initiation and maintenance of 
sleep, whereas it is also possible that sleep disruption worsens pain (27). 
Research findings supported this by showing that sleep deprivation may 
interfere with pain processes that enhance pain sensitivity (11). Another 
study showed that a single night of sleep deprivation is able to induce 
generalized hyperalgesia (28). On the other hand, higher pain levels in 
MS patients are associated with greater disability. Several studies have 
confirmed this relationship (12, 29). Solaro et al. showed a correlation 
between pain and EDSS. Moreover, this correlation was present for both 
neuropathic and somatic pain (12). Cross-sectional results from a study by 
Ehde et al. pointed out the contribution of pain to disability measured by 
EDSS; however, the authors stated that more research with longitudinal 
data is needed to clarify the causal pathways (29). 

Fatigue is a disabling MS symptom that affects up to 80% of MS 
patients (16, 30). Our results show that MS patients who complain of sleep 
disturbances have a greater level of fatigue, and those who experience 
greater levels of fatigue, especially its physical dimension, may then 
become increasingly disabled. These results are supported by previous 
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research showing a significant relationship between poor sleep quality 
and an increased level of fatigue (4, 16, 31-32). The study of Kaynak et 
al. showed that sleep disturbance in MS patients was a significant 
independent contributor to fatigue (33). We found that patients with a 
greater level of physical fatigue also had greater disability. This finding 
was confirmed in a longitudinal study by Debouverie et al., which showed 
that more physical fatigue predicted increased disability after 3 years (34). 

The study is the first one conducted among MS patients which 
presents a complex model controlled for age, gender and disease duration 
showing that the relationship between sleep quality and disability is 
mediated by depression, pain and physical fatigue. Some limitations of 
this study should be mentioned. too Most of the variables were evaluated 
by means of self-reported questionnaires, although these have been used 
in different cultural settings and properly translated. A second limitation 
is that the study has a cross-sectional design, which does not allow us 
to fully explore the causal pathways between the studied variables. It is 
possible that functional disability may affect depression, pain severity 
and fatigue, which in turn may affect sleep quality. It is likely that the 
relationships are bidirectional to some extent. Longitudinal research 
is needed to examine the inter-relationships between these variables to 
clarify causal associations.

The presented mediation model implies that the treatment of sleep 
disturbances may have beneficial effects beyond improving sleep. It may 
reduce depressive symptoms, levels of pain and physical fatigue, which in 
turn may lessen disability. Again, the importance of longitudinal studies 
of samples of MS patients in predicting disability over time is emphasized 
by the current findings. 
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Chapter 8

General discussion, implications 
and conclusions

This thesis is focused on the neuropsychiatric symptoms of multiple 
sclerosis (MS), especially on poor sleep quality in patients with MS. 
Emphasis is put on physical and psychological symptoms associated with 
MS, such as pain, depression, anxiety, fatigue or bladder dysfunction, and 
how they are related to poor sleep quality in MS. The thesis also focuses 
on the often overlooked bladder, bowel and sexual dysfunction and their 
relation to sleep quality and health-related quality of life in MS patients. 
In this chapter the main findings of the thesis are first summarized (8.1) 
and discussed (8.2). The subsequent section then refers to the strengths 
and limitations of the included studies (8.3). Finally, in the last part the 
implications for clinical practice and future research are presented (8.4).

8.1  Main findings
Research question 1 (Chapter 3) 
Are bladder, bowel and sexual dysfunction associated with the physical and 
mental dimensions of HRQoL in patients stratified by duration of MS (≤5 years 
and >5 years)? 
We found that more severe disability, as measured by the EDSS and 
bladder dysfunction, was associated with lower physical health status 
in both disease duration groups. More severe sexual dysfunction was 
associated with lower mental health status in the group of patients with 
disease duration of 5 years or less. Bladder, bowel or sexual dysfunction 
was not found to play a role in mental health status in the group of patients 
with longer disease duration.

Research question 2 (Chapter 4) 
Are there differences in the prevalence and determinants of poor sleep quality in a 
sample of MS patients with disease duration ≤5 years and >5 years? 
We found that the prevalence of poor sleep quality is significantly higher 
in patients with longer disease duration. Both disease duration groups 
differed in factors associated with poor sleep quality. The symptoms 
related to poor sleep quality in patients with disease duration of 5 years or 
less were anxiety, mental fatigue and reduced motivation, whereas pain, 
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depression and mental fatigue were associated with reduced sleep quality 
in patients with disease duration of more than 5 years.

Research question 3 (Chapter 5) 
Do gender differences exist in factors related to poor sleep quality in patients with 
MS? 
We found that factors associated with poor sleep quality in women 
concerned depression and anxiety, whereas pain was associated with 
poor sleep quality in men. Our results supported our expectations that 
different conditions may contribute to poor sleep quality in women and 
men with MS.

Research question 4 (Chapter 6) 
What are the interrelationships between pain, depression, fatigue and poor sleep 
quality? 
Our study showed that both pain and depression have a bidirectional 
relationship with sleep quality, with more severe pain or depression 
worsening 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.

Research question 5 (Chapter 7) 
Do depression, pain and physical fatigue mediate the association between sleep 
quality and functional disability in MS patients?
We found that the relationship between poor sleep quality and disability 
in MS patients was indirect and fully mediated by depression, pain and 
physical fatigue. Our mediation model showed that poor sleep quality in 
MS patients may worsen depressive symptoms, pain and physical fatigue, 
which in turn may be associated with greater overall disability.

8.2 Discussion of the main findings
MS is a chronic disease that leads to progressive disability over time 
(1). Several MS-related impairments in body functions, together with 
limitations in activities and restrictions in participation, form the overall 
disability of people with MS, which is the main contributor to decreasing 
HRQoL in the MS population (2). 

8.2.1  Bladder, bowel and sexual dysfunction and their relationship with 
 HRQoL 
Bladder, bowel and sexual dysfunction are common MS-related 
disabilities (3-6). Despite their high prevalence, they are often overlooked. 
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Our study showed that all of the dysfunctions –  bladder, bowel and 
sexual – can occur even in the early stage of disease. Bladder dysfunction, 
combined with neurological disability measured by the EDSS, was found 
to be a significant contributor to a lower perception of physical health in 
patients with shorter and longer disease duration groups (cut off point 
5 years). Our findings are in line with the results of a study performed 
by Nortvedt et al., who observed an association of bladder dysfunction 
with HRQoL independently of other clinical data in a sample of 218 MS 
patients with disease duration from 9 to 19 years (3). The importance of 
bladder dysfunction in the early stage of MS controlled for other variables 
has not yet been analysed. 

Regarding bowel dysfunction, we did not find a significant relation 
with perceived physical or mental health in MS patients with shorter or 
longer disease duration. We cannot compare these findings with previous 
ones, as no previous study has investigated the association of bowel 
dysfunction with HRQoL adjusted for other variables. An explanation for 
the lack of an association with HRQoL may be that bowel dysfunction 
comprises mostly concerned constipation. The majority of the patients in 
our sample (70%) marked this bowel dysfunction as being uncomfortable 
for them, but not changing their functioning. It might be that the more 
severe cases of bowel dysfunction, i.e. faecal incontinence, have a poorer 
HRQoL, but this group was rather small in our sample.

Furthermore, we explored whether sexual dysfunction in MS patients 
may explain their worse HRQoL. We found that sexual dysfunction was 
associated with low perceived mental health only in the group of the 
patients who were in the early stage of the disease. Our results might be 
explained in two ways. First by the age of patients: patients with shorter 
disease duration were significantly younger and may have had a higher 
frequency of sexual intercourse than those older and with longer disease 
duration. Kontula and Haavio-Mannila showed in their study that older 
age was significantly associated with less frequent sexual activity in 
a sample of 844 healthy people (7). A second explanation might be the 
adjustment to the disease in patients with a more advanced stage of 
disease (8). As increased age and a more advanced stage of the disease are 
not distinguishable, both explanations might be relevant. 

8.2.2  Sleep quality and factors associated with poor sleep quality
Poor sleep quality is a common symptom associated with MS (9). In our 
study approximately 45% of the MS patients reported having poor sleep 
quality, with the prevalence being higher in women than in men. Women 
also rated their sleep on average as poorer than men, but these gender 
differences did not reach statistical significance. We also found that sleep 
problems can occur even during the first five years of the disease, although 
less frequently than in patients with longer disease duration. Up to now, 
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numerous MS-related symptoms have been found to be associated with 
poor sleep quality. Adequate recognition in patients of pain, depression, 
anxiety or bladder dysfunction as the most frequent determinants of poor 
sleep in the MS population may improve the treatment strategies for these 
patients. 

Determinants of poor sleep quality: the role of disease duration and 
gender
We found that determinants of poor sleep quality vary by duration of 
MS. Anxiety was the most important symptom influencing sleep quality 
in patients with disease duration of 5 years or less, whereas pain and 
depression were the main contributors to poor sleep in patients with 
disease duration of more than 5 years. All symptoms of anxiety, depression 
or pain have been previously found to be related to poor sleep (10), but the 
role of disease duration has not yet been considered. An explanation for 
these differences by disease duration in factors related to poor sleep may 
be that shortly after diagnosis patients suffer more from anxiety and fear 
connected with the uncertainty of the disease progression and that they 
realize that their life will change (11). In contrast, patients with longer 
disease duration have already adjusted to the presence of the disease 
(12), and the role of pain and depression is more relevant regarding the 
progressive neurological impairment and overall disability (13). 

Furthermore, we found some differences regarding the factors 
influencing sleep in women and men. Anxiety and depression were the 
main symptoms contributing to poor sleep in women, whereas pain 
worsened sleep quality in men. No studies exist about the differences in 
determinants of poor sleep quality in women and men with MS. Previous 
studies conducted among the general population and among patients 
with other chronic conditions have shown that not only depression and/
or anxiety (14, 15) but also pain was a specific contributor to poor sleep 
in women (16, 17). Our observation that pain worsens sleep in men and 
not in women with MS thus seems to be inconsistent with those previous 
studies. As the prevalence of anxiety, depression and pain was almost the 
same across the gender groups, our findings cannot be explained by the 
different prevalence of pain in women and men that was found in several 
studies in the general population (16, 17). 

Thus, other factors may have played a role in the association of 
pain with poor sleep. For example, women with chronic postsurgical 
pain reported the highest pain intensity during the day, whereas men 
experienced higher intensities of pain in the evening (18). This observation 
could explain the more dominant role of pain in influencing sleep in men 
than in women. Furthermore, we used a self-reported pain scale, and 
research in this area indicates that males are less likely to self-report pain. 
When they do self-report, they often have difficulty explaining the extent 
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of their real pain experience (19). Thus, it can be deduced that women may 
have rated low intensity stimuli without the potential to influence sleep 
as already painful, whereas men have rated as painful only those which 
interfered with their sleep. The findings on different determinants of poor 
sleep by disease duration indicate that clinicians should apply a different 
approach when assessing poor sleep quality in patients with shorter and 
longer disease duration. Similarly, women and men with MS differ in 
factors disturbing their sleep. This observation should also be taken into 
account during the diagnostic process of poor sleep quality.

Consequences of poor sleep quality
Poor sleep quality is a debilitating symptom with several consequences. 
We found that it can worsen fatigue, pain and depression and indirectly 
influence the overall disability of patients with MS. The results of our 
pathway analysis showed that depression and pain had a bidirectional 
relationship with sleep quality, with more severe depression or pain 
worsening sleep quality and vice versa. This finding implies that both 
symptoms are not just the determinants, but also the consequences of 
poor sleep. Furthermore, we extended the existing knowledge by showing 
that pain also contributed to poor sleep quality indirectly through its 
relationship with depression. Patients who reported increased levels of 
pain had more severe depressive symptoms, which in turn worsened their 
quality of sleep. This confirms the previous finding that the symptoms 
pain and depression tend to cluster (20). Care providers should pay more 
attention to search for pain in all patients with depression and vice versa.

More severe mental fatigue was found to be another consequence of 
poor sleep, which is consistent with previous research (21, 22). We found 
such a relationship in patients in both the early and advanced stage of 
disease. However, the association of poor sleep quality with fatigue was 
much weaker than previously reported (21, 23). In our pathway analysis 
the strongest predictor of mental fatigue was depression, which was also 
a significant mediator of the effect of pain on fatigue. These conflicting 
results may be 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. The finding of 
a negative influence of poor sleep quality on fatigue was also confirmed 
in a polysomnographic cross-sectional study by Veauthier et al (22). They 
suggested that in all MS patients suffering from fatigue, a careful history 
assessing sleep problems and, where appropriate, polysomnographic 
investigations should be done (22).
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We showed that there was no direct relationship between poor sleep 
quality and disability measured by the EDSS, but that this relationship 
was fully mediated by depression, pain and fatigue. Our study is the 
firstto evaluate this relationship from this perspective of mediation. More 
specifically, patients with MS who suffered from poor sleep were more 
depressed, had more severe pain and experienced more severe fatigue, 
which in turn might lead to greater functional disability. Previous research 
regarding this topic has presented conflicting results (24-26). Some studies 
confirmed that problematic sleep may be directly associated with greater 
disability (24, 25), whereas others did not confirm such a relationship (26). 
The latter group of studies explored the determinants of poor sleep in MS 
patients, but the model adjusted for several variables, including EDSS, 
did not show a significant association between poor sleep and disability. 
Our findings imply that the treatment of sleep problems may have 
beneficial effects beyond improving sleep. These conflicting results might be 
explained by the fact that authors adjusted their models for factors that 
we considered to be mediators. Further studies on this topic should be 
completed to confirm our results. 

8.3  Strengths and limitations of the study
Among the strengths of this study are the relatively high response rate 
within our sample (72%) and the comprehensive method of collecting 
data on all MS patients at a clinic that covers a full catchment area. 
Furthermore, we used questionnaires that are internationally recognized, 
commonly used and carefully validated to obtain the data. All recorded 
answers were personally checked during the interview with the patient 
to avoid any confusion and to increase the validity of the answers. For 
Chapters 4-7 all patients were examined by the same neurologist, which 
prevented an interrater examination bias in determining functional 
disability measured by the EDSS. Employing SEM in the data analyses 
(Chapter 6,7) is another particular strength of our study.

Our study also has some limitations, however. All analyses on both 
samples concerned cross-sectional data, which did not allow us to explore 
the full causal relationships between the studied variables, though the 
use of SEM in Chapters 6 and 7 did somewhat support the validity of 
such inferences. Despite this, our findings should still be confirmed in 
longitudinal research. Second, 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 sleep disturbances and those measured by e.g. polysomnograms 
to obtain a more comprehensive assessment of sleep problems. Third, in 
the sample reported on in Chapter 3, the participating MS patients were 
significantly younger than the non-respondents. This will have led to a 
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lower share in our sample of the oldest group with the longest disease 
duration and probably the most affected group of that age in particular. A 
consequence of this is that our results may be an underestimation of the 
impact of MS in the longer run.

Despite the relatively high prevalence of anxiety and depression 
among the study population, only 7% of patients have used antidepressants 
and/or anxiolytics, so the use of these drugs has not been taken into 
account. We also did not analyse the potential effects of other drugs 
(e.g.analgetic, antiepileptics or disease modifying treatment) on sleep 
quality or on symptoms contributing to poor sleep quality. 

8.4 Implications for clinical practise and future research
Bladder and sexual dysfunction are associated with a significantly lower 
HRQoL score in MS patients even if they have had MS for a relatively 
short time, showing a need to pay more attention to these problems in 
routine care. Recognition, examination and proper treatment are needed 
to prevent the development of more severe dysfunction, and this also 
may lead to an improvement in HRQoL. All patients with MS who 
report bladder or sexual dysfunction should be sent for a urological or 
gynecological examination. The private nature of sexual dysfunction may 
inhibit a patient and the physician in communication about it during an 
interview. It might therefore be useful to use questionnaires as a screening 
method for the recognition of sexual problems. 

Our findings of different symptoms associated with poor sleep 
quality in the early and later stages of the disease should be taken into 
account when considering an appropriate intervention. Depression 
or pain do contribute to poor sleep in patients with shorter disease 
duration, but it seems very likely that anxiety plays a more dominant 
role. Thus, physicians should pay more attention to the potential presence 
of anxiety in all patients who complain about poor sleep quality in the 
early stage of the disease. A short-term anxiolytic treatment combined 
with psychological interventions supporting coping strategies may lead 
to a decline in both symptoms and significantly improve quality of life in 
these patients. The same principle applies for patients with longer disease 
duration. Routine assessment of pain and depression and their specific 
treatment should be included into the management strategies of poor 
sleep quality.

A gender-differential approach should be applied when assessing 
poor sleep quality in women and men, as we found gender differences 
regarding the factors that contribute to poor sleep. The more dominant 
role of mood disorders in women than in men implies that anti-depressive 
treatment may be useful in women with poor sleep. Men with sleep 
problems can also suffer from mood disorders, but it seems that physical 
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symptoms such as pain have a more important role in disturbing their 
sleep. Thus, in men effective pain management in particular deserves 
attention. Adequate management strategies of sleep disturbances in both 
genders may also have beneficial effects beyond improving sleep. They 
may reduce depressive symptoms, levels of pain and physical fatigue, 
which in turn may lessen disability.

Next, an important implication of our findings regards the fact 
that pain, depression, anxiety, poor sleep quality and fatigue are closely 
linked with each other and could be defined as a symptom cluster to be 
handled as a cluster (27). If patients are complaining of at least one of 
the symptoms mentioned above, healthcare providers should pay more 
attention to the potential presence of the others. When treating patients 
with poor sleep quality, it is possible that treatment directed at all 
symptoms combined may 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 (28). Some antidepressants, such as tertiary 
amine tricyclic antidepressants, venlafaxine or duoxetine, also appear to 
be efficacious in the treatment of pain (29) and could therefore be used in 
people with depression and chronic pain. Reduction of both symptoms 
may in turn improve sleep and reduce fatigue. Our findings may support 
such handling of these highly prevalent and disturbing symptoms of MS. 

Poor sleep quality is a commom symptom with multiple 
determinants in MS patients and with major consequences on patients  
quality of life. Longitudinal research allowing the exploration of the full 
causal relationships is needed to confirm our findings. A few studies have 
demonstrated the effect of treating sleep on fatigue, and this shows a need 
for randomized controlled intervention studies to confirm such findings. 
As we found that pain, depression, poor sleep quality and fatigue are 
closely related to each other, future research should verify if treatment 
directed at all symptoms combined is indeed more effective than treating 
each separate symptom. Despite extensive research regarding the etiology 
of poor sleep quality in MS patients, the proportion of primary sleep 
disorders caused by demyelination or axonal damage in central nervous 
system and what treatment strategies should be used in such a case 
still remain unclear. Much work needs to be done to better understand 
the interrelationships between multiple neuropsychiatric MS-related 
symptoms and to develop the best therapeutic approach. 

8.5  Conclusion
We found that bladder dysfunction has a negative impact on HRQoL 
in patients with MS irrespective of disease duration, whereas sexual 
dysfunction decreases the mental component of HRQoL in patients with 



107

shorter disease duration. Moreover, we found that anxiety, depression, 
pain and fatigue are the most frequent symptoms related to poor sleep 
quality in MS patients, but that their influence on sleep quality differs 
by disease duration and by gender. Anxiety was the main contributor to 
poor sleep in patients with shorter disease duration, whereas pain and 
depression were associated with reduced sleep quality in patients with 
disease duration of more than 5 years. Regarding gender differences, 
we found that mood disorders (anxiety and depression) were the main 
symptoms contributing to poor sleep in women, whereas pain worsened 
sleep quality in men. Fatigue was found to be the frequent consequence 
of poor sleep, but we also found other possible consequences, such as 
worsening of depressive symptoms and pain severity. Finally, by means 
of these symptoms functional disability can worsen indirectly. Poor sleep 
quality is a frequent neuropsychiatric symptom of MS with multiple 
causes and consequences, which should be taken into account when 
treating patients with MS. Our findings provide major clues for improving 
the quality of life of MS patients.
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Summary

Multiple sclerosis (MS) is a chronic disorder affecting mostly young 
adults which has an unpredictable course and leads to progressive 
disability. MS produces a wide spectrum of clinical symptoms, resulting 
in impairments in body functions, limitations in activities and restrictions 
in participation. In routine clinical practice attention is mostly paid to 
physical disability, even though some evidence exists that the total burden 
of the neuropsychiatric symptoms of MS has more impact on overall 
Health-Related Quality of Life (HRQoL) than the physical symptoms. In 
our research we focused on bladder, bowel and sexual dysfunction, which 
are often overlooked physical symptoms, and on sleep quality in patients 
with MS. Poor sleep represents one of the MS-related neuropsychiatric 
symptoms.  

Chapter 1 provides a review of the existing knowledge about MS, 
with a focus on symptoms associated with poor sleep quality. It further 
lays out the research questions and the outline of the thesis.

Chapter 2 provides information about the samples, data collection 
procedures, measures and statistical analyses used in the studies.

Chapter 3 explores the association of bladder, bowel and sexual 
dysfunction with the physical and mental dimensions of HRQoL in MS 
patients with a different disease duration (≤5 years and >5 years). We 
found that more severe bladder dysfunction and disability measured by 
the EDSS were associated with a poorer physical health status in both 
disease duration groups. More severe sexual dysfunction was associated 
with a poorer mental health status in the group of patients with disease 
duration of 5 years or less. Bladder, bowel or sexual dysfunction were not 
been found to play a role in mental health status in the group of patients 
with longer disease duration. Our results suggest that recognition and 
proper treatment of these functional problems may lead to improvement 
of HRQoL in MS patients.

Chapter 4 explores the differences between MS patients with disease 
duration ≤5 years and >5 years in terms of prevalence and determinants 
of poor sleep quality. We found that the prevalence of poor sleep quality is 
significantly higher in patients with longer disease duration. Both disease 
duration groups differed in factors associated with poor sleep quality. The 
symptoms related to poor sleep quality in patients with disease duration 
of 5 years or less were anxiety, mental fatigue and reduced motivation, 
whereas pain, depression and mental fatigue were associated with 
reduced sleep quality in patients with disease duration of more than 
5 years. Our finding of different symptoms associated with poor sleep 



quality in the early and late stage of the disease should be taken into 
account when considering an appropriate treatment.

Chapter 5 explores whether gender differences exist in factors related 
to poor sleep quality in patients with MS. We found that depression and 
anxiety were associated with poor sleep quality in women, whereas pain 
was so associated in men. Our findings supported our expectations that 
different conditions may contribute to poor sleep quality in women and 
in men with MS.

Chapter 6 explores the interrelationships between pain, depression, 
fatigue and poor sleep quality. We found that pain, depression, anxiety, 
poor sleep quality and fatigue were closely linked with each other. Pain 
and depression had a bidirectional relationship with sleep quality, with 
more severe pain and depression worsening sleep quality and vice versa. 
Depression was also found to be the strongest predictor of mental fatigue, 
with the role of poor sleep quality being much smaller. Finally, depression 
was also found to be a significant mediator of the association of pain with 
fatigue and with sleep quality.

Chapter 7 explores whether depression, pain and physical fatigue 
mediate the association between sleep quality and functional disability in 
MS patients. We found that the relationship between poor sleep quality and 
disability in MS patients was indirect and fully mediated by depression, 
pain and physical fatigue. More specifically, poor sleep quality in MS 
patients may worsen depressive symptoms, pain and physical fatigue, 
which in turn may be associated with greater overall disability.

Chapter 8 provides a summary of all the findings, a discussion of 
them in the context of existing knowledge and the implications of our 
results for clinical practice and research. The chapter also addresses the 
strengths and limitations of the study. Generally, we found that bladder 
and sexual dysfunction have a negative impact on HRQoL in patients 
with MS. This implies that care providers should pay more attention to 
these problems. Poor sleep quality is a common symptom associated with 
MS. In our study it has been reported by almost half of all MS patients, 
with the prevalence being higher in women. We found that determinants 
of poor sleep quality vary by duration of MS and by gender. This implies 
that a different approach should be used when assessing poor sleep 
quality in an early versus an advanced stage of the disease and also in 
women versus in men. We found that poor sleep quality can worsen 
fatigue, pain and depression and can indirectly influence the overall 
disability of patients with MS. Furthermore, we found that depression 
and pain had a bidirectional relationship with sleep quality, with more 
severe depression or pain worsening sleep quality and vice versa. This 
finding implies that these two symptoms are not just determinants but 
can also be consequences of poor sleep. More severe mental fatigue was 
found to be another negative consequence of poor sleep. We found such 
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an association in patients in the early and advanced stages of disease. 
However, the role of poor sleep quality was much smaller than previously 
reported. In summary, poor sleep quality is a frequent neuropsychiatric 
symptom of MS, with multiple causes and consequences that should be 
taken into account when treating patients with MS. 
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Samenvatting

Multiple sclerose (MS) is een chronische aandoening die vooral jong 
volwassenen treft, een onvoorspelbaar verloop heeft en leidt tot progressieve 
handicaps. MS is verantwoordelijk voor een breed spectrum aan klinische 
symptomen en leidt tot stoornissen in lichaamsfuncties, beperkingen in 
activiteiten en restricties in participatie. In de dagelijkse klinische praktijk 
wordt vooral aandacht besteed aan de lichamelijke handicaps, ook al is er 
wat bewijs dat de totale last van neuropsychiatrische symptomen van MS 
meer invloed heeft op de algemene gezondheid-gerelateerde kwaliteit van 
leven (GGKvL) dan de lichamelijke symptomen. In ons onderzoek hebben 
we ons met name gericht op blaas-, darm- en seksuele dysfuncties, die 
vaak over het hoofd worden gezien bij de lichamelijke klachten, en op de 
kwaliteit van de slaap bij patiënten met MS. Slechte slaap is  één van de 
MS-gerelateerde neuropsychiatrische symptomen.

In Hoofdstuk 1 wordt een overzicht gegeven van de bestaande 
kennis over MS met een accent op de symptomen die gepaard gaan met 
een slechte kwaliteit van de slaap. Verder worden de onderzoeksvragen 
beschreven en de hoofdlijnen van het proefschrift.

In Hoofdstuk 2 wordt ingegaan op de steekproeven, wijze van 
gegevensverzameling, meetinstrumenten en statistische analyses die 
gebruikt zijn in dit proefschrift.

In Hoofdstuk 3 wordt het verband onderzocht tussen blaas-, darm- 
en seksueel disfunctioneren, en fysieke en mentale dimensies van kwaliteit 
van leven (KvL) bij MS-patiënten met een verschillende ziekteduur (≤5 jaar 
en> 5 jaar). We vonden een verband tussen ernstiger blaas dysfunctie en 
ziekte-ernst gemeten met de EDSS en een slechtere lichamelijke KvL in 
beide ziekteduur groepen. Ernstiger seksuele disfunctie was geassocieerd 
met een slechtere mentale KvL in de groep patiënten met een ziekteduur 
van 5 jaar of minder. We vonden geen verband tussen blaas-, darm- of 
seksuele disfunctie en mentale KvL in de groep patiënten met een 
langere ziekteduur. Onze resultaten suggereren dat herkenning en juiste 
behandeling van deze functionele problemen kunnen leiden tot een 
verbetering van de KvL bij MS-patiënten.

In Hoofdstuk 4 werden de verschillen onderzocht tussen MS-
patiënten met een ziekteduur van ≤5 jaar en > 5 jaar wat betreft de 
prevalentie en determinanten van slechte kwaliteit van de slaap. We 
vonden dat de prevalentie van slechte slaapkwaliteit significant hoger 
was bij patiënten met een langere ziekteduur. Beide ziekteduur groepen 
verschilden in factoren die samenhingen met een slechte kwaliteit van de 
slaap. De symptomen die samenhangen met slechte kwaliteit van de slaap 



bij patiënten met een ziekteduur van 5 jaar of minder zijn angst, mentale 
vermoeidheid en verminderde motivatie. We vonden een verband tussen 
pijn, depressie en mentale vermoeidheid en een verminderde kwaliteit 
van de slaap bij patiënten met een ziekteduur van meer dan 5 jaar. Onze 
bevinding dat verschillende symptomen samenhangen met een slechte 
kwaliteit van de slaap in het vroege en late stadium van de ziekte moet 
een rol spelen bij het kiezen van een passende behandeling.

In Hoofdstuk 5 werd onderzocht of er sekseverschillen bestaan in 
factoren die samenhangen met de slechte kwaliteit van de slaap bij patiënten 
met MS. We vonden bij vrouwen depressie en angst samenhingen met 
een slechte kwaliteit van de slaap, terwijl dat bij mannen pijn was. Onze 
bevindingen ondersteunen onze verwachting dat verschillende factoren 
bijdragen aan de slechte kwaliteit van de slaap bij vrouwen en bij mannen 
met MS.

In Hoofdstuk 6 werden de verbanden onderzocht tussen pijn, 
depressie, vermoeidheid en slechte kwaliteit van de slaap. We vonden 
dat pijn, depressie, angst, slechte slaapkwaliteit en vermoeidheid nauw 
met elkaar samen hingen. Pijn en depressie hadden een bidirectionele 
relatie met de kwaliteit van de slaap, waarbij ernstiger pijn en depressie 
de kwaliteit van de slaap verergerden en vice versa. Depressie bleek ook 
de sterkste voorspeller te zijn van mentale vermoeidheid en de invloed 
daarop van slechte kwaliteit van de slaap bleek veel kleiner te zijn. Tot 
slot bleek depressie eveneens een belangrijke mediator te zijn van de 
samenhang van pijn met vermoeidheid en met slaap kwaliteit.

In Hoofdstuk 7 is onderzocht of depressie, pijn en lichamelijke 
vermoeidheid het verband tussen kwaliteit van de slaap en functionele 
beperkingen bij MS-patiënten mediëren. We vonden dat het verband tussen 
de slechte kwaliteit van de slaap en invaliditeit bij MS-patiënten geheel 
gemedieerd werd door depressie, pijn en lichamelijke vermoeidheid. 
Meer specifiek kan een slechte kwaliteit van de slaap bij MS-patiënten 
depressieve symptomen, pijn en lichamelijke vermoeidheid verergeren 
die op hun beurt kunnen samenhangen met een grotere algemene 
beperkingen.

In Hoofdstuk 8 wordt de bevindingen samengevat en besproken in 
het kader van de bestaande kennis. Verder worden implicaties gegeven van 
onze bevindingen voor de klinische praktijk en onderzoek. Het hoofdstuk 
behandelt ook de sterke en zwakke punten van het onderzoek. In het 
algemeen vonden we dat er een negatief verband bestaat tussen de blaas- 
en seksuele disfunctie en de KvL bij patiënten met MS, wat impliceert 
dat zorgverleners meer aandacht moeten besteden aan deze problemen. 
Slechte kwaliteit van de slaap is een veel voorkomend symptoom bij MS. In 
onze studie rapporteerde bijna de helft van MS-patiënten dit symptoom, 
met een hogere prevalentie bij vrouwen. We vonden dat determinanten 
van slechte kwaliteit van de slaap verschillen naar duur van de MS en per 
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geslacht, hetgeen impliceert dat een andere aanpak moet worden toegepast 
bij de beoordeling van een slechte kwaliteit van de slaap in een vroeg of 
gevorderd stadium van de ziekte, evenals bij vrouwen en mannen. Wij 
vonden ook dat een slechte kwaliteit van de slaap vermoeidheid, pijn en 
depressie kan verergeren en indirect invloed kan hebben op de algehele 
beperkingen van de patiënten met MS. Verder vonden we dat depressie 
en pijn een bidirectionele relatie had met de kwaliteit van de slaap, in die 
zin dat meer ernstige depressie of pijn kwaliteit van de slaap verergeren 
en vice versa. Deze bevinding impliceert dat beide symptomen niet alleen 
determinant kunnen zijn, maar ook gevolg van slecht slapen. We vonden 
dat een ernstiger mentale vermoeidheid een ander negatief gevolg van 
slecht slapen kan zijn, zowel in het vroege en in het gevorderde stadium 
van de ziekte. Echter, de rol van slechte slaapkwaliteit was veel kleiner dan 
eerder gerapporteerd. Kortom, een slechte kwaliteit van de slaap is een 
veel voorkomende neuro-psychiatrisch symptoom van MS met meerdere 
oorzaken en gevolgen, waarmee rekening moet worden gehouden bij de 
behandeling van patiënten met MS.
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Zhrnutie

Sclerosis multiplex (SM) je chronické ochorenie centrálneho nervového 
systému, ktoré postihuje prevažne mladých dospelých. Ochorenie 
sa prejavuje širokým  spektrom  klinických príznakov, má nepredvídateľný 
priebeh a postupne vedie k ireverzibilnej invalidizácii pacienta. V bežnej 
klinickej praxi je dôraz lekárov kladený najmä na fyzické symptómy 
ochorenia ako sú poruchy chôdze, citlivosti, obmedzenie hybnosti 
končatín či poruchy zrakovej ostrosti.  Existujú však dôkazy, že pre  
niektorých pacientov sú neuropsychiatrické symptómy  tie, ktoré znižujú 
kvalitu ich života. 

V tejto práci  sme sa zamerali na často prehliadané symptómy 
ochorenia ako je sfinkterová  a sexuálna dysfunkcia a ich vplyv na kvalitu 
života pacientov.  Druhá časť tejto práce je venovaná  kvalite nočného 
spánku u pacientov s SM.   

Kapitola 1 poskytuje všeobecný prehľad o SM a o základných 
premenných skúmaných v tejto práci. Súčasne popisuje ciele  práce  ako 
formuluje výskumné otázky.

Kapitola 2 poskytuje informácie o výskumných vzorkách , zbere dát, 
metodike práce a štatistickom spracovaní údajov. 

Kapitola 3 sa bližšie zaoberá problematikou dysfunkcie močového 
mechúra, črevnej dysfunkciu a sexuálnej dysfunkciueu pacientov s SM 
a ich asociáciu s fyzickou (PCS) a mentálnou  komponentou (MCS)  
kvality života. Skúmané vzťahy boli hodnotené u pacientov s rozdielnou 
dĺžkou  trvania ochorenia (≤5 rokov a> 5 rokov). Zistili sme, že dysfunkcia 
močového mechúra bola spolu s vyššou miernou  zneschopnenia meranou 
pomocou škály EDSS spojená s horšou PCS v oboch skupinách pacientov. 
Sexuálna dysfunkcia bola asociovaná s horšou MCS  v skupine pacientov 
s dĺžkou  trvania choroby  5 rokov alebo menej. Črevná dysfunkcia  
nepredstavovala signifikantný príspevok k variancii  v rámci PCS či MCS.  
Naše výsledky naznačujú, že sfinkterová a sexuálna dysfunkcia negatívne 
ovplyvňujú kvalitu života pacientov s SM.  Skoré rozpoznanie týchto 
dysfunkcií a ich správna liečba by tak mohli viesť k zlepšeniu kvality 
života chorých s SM.

Cieľom Kapitoly  4 bolo zistiť rozdiely v prevalencii a determinantoch 
nízkej kvality nočného spánku  u pacientov s SM. Skúmané vzťahy boli 
opäť hodnotené osobitne u pacientov  s trvaním choroby  ≤5 rokov a > 
5 rokov.  Zistili sme, že nízka kvalita nočného spánku sa vyskytovala 
častejšie u pacientov s dlhším trvaním ochorenia.  Faktory súvisiace 
s nízkou kvalitou nočného spánku sa u obidvoch skúmaných skupín 
líšili.  U pacientov  s dĺžkou  trvania choroby  5 rokov alebo menej bola 



hlavným determinantom  nekvalitného nočného spánku  úzkosť, zatiaľ 
čo bolesť a depresia reprezentovali hlavné faktory ovplyvňujúce nočný 
sánok u pacientov s trvaním ochorenia viac ako 5 rokov.  U oboch 
sledovaných skupín bol zistený pozitívny vzťah medzi nekvalitným 
spánkom a mentálnou únavou.  Na základe našich výsledkov môžeme 
konštatovať, že u pacientov vo včasnom a neskoršom štádiu ochorenia sa 
faktory súvisiace s nekvalitným nočným spánkom odlišujú, čo by malo 
byť zohľadnené  pri výbere správneho terapeutického postupu. 

Cieľom Kapitoly 5 bolo zistiť rozdiely v determinantoch nízkej 
kvality nočného spánku medzi pohlaviami.  Zistili sme, že depresia 
a úzkosť predstavovali hlavné faktory spojené s nízkou  kvalitou  
nočného spánku u žien, zatiaľ čo u mužov s na nekvalitnom nočnom 
spánku podielali najmä bolesti. Výsledky tejto štúdie  poukazujú pri pri 
menežovaní pacientov  s poruchami spánku by mali byť zohľadnené aj 
pohlavné rozdiely medzi faktormi, ktoré nočný spánok ovplyvňujú.

V Kapitole 6 sme študovali  vzájomné vzťahy medzi  bolesťou, 
depresiou, únavou a nízkou kvalitou nočného spánku. Zistili sme, že 
všetky uvedené symptómy navzájom spolu súvisia.  Štatistická analýza 
štruktúrovaného modelovania ukázala, že bolesť a depresia negatívne 
ovplyvňujú kvalitu nočného spánku, avšak táto asociácia je obojsmerná, 
čo znamená, že nekvalitný nočný spánok môže zhoršovať symptómy 
depresie a bolesť.  Najsilnejším prediktorom  mentálnej únavy bola 
depresia, zatiaľ čo príspevok nekvalitného nočného spánku  k variancii 
v rámci únavy bol signifikantne nižší v porovnaní s depresiou. Depresia  
bola takisto mediátorom asociácie medzi bolesťou a nekvalitným nočným 
spánkom a medzi bolesťou a únavou.

Kapitola 7 sa zameriavala na otázku či určité symptómy asociované 
s SM ako je depresia, bolesť a  fyzická únava mediujú asociácie medzi 
nekvalitným nočným spánkom a mierou funkčného zneschopnenia 
pacientov so SM.  Zistili sme, že vzťah medzi nekvalitným nočným 
spánkom  a funkčným zneschopnením pacienta je nepriamy, plne 
mediovaný  depresiou, bolesťou a fyzickou únavou. Presnejšie povedané, 
zlá kvalita spánku  u pacientov s SM môže zhoršiť príznaky depresie, 
bolesť a fyzickú únavu,  čo v konečnom dôsledku súvisí s vyššou mierou 
funkčného zneschopnenia. 

Kapitola 8 predstavuje sumár všetkých výsledkov, ktoré sú 
diskutované v kontexte ďalších štúdii. V ďalšej časti sú prezentované silné 
stránky a limitácie práce ako aj implikácie pre klinickú prax a budúci 
výskum. 

Vo všeobecnosti sme dospeli k záverom, že dysfunkcia močového 
mechúra a sexuálna dysfunkcia majú  negatívny vplyv na kvalitu života 
chorých s SM. Včasné rozpoznanie a adekvátna terapia týchto dysfunkcií 
tak môžu viesť k zlepšeniu kvality života chorých.  Ďalším symptómom 
spojeným s SM, ktorý ovplyvňuje kvalitu života je nekvalitný nočný 
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spánok. Takmer polovica pacientov sledovaných v tejto štúdii reportovalo 
zníženú kvalitu spánku, pričom vyšší výskyt bol zaznamenaný v ženskej 
populácii.  Zistili sme, že faktory súvisiace s nekvalitným nočným spánkom 
sú rozdielné u pacientov vo včasnom a neskoršom štádiu ochorenia ako aj 
u mužov a žien. Kvalita spánku u pacientov vo včasnom štádiu ochorenia 
je prevažne ovplyvnená prítomnosťou úzkosti, zatiaľ čo depresia a bolesti 
sa javia ako významné determinanty u pacientov  v neskoršom  štádiu 
ochorenia. Výsledky sledovania kvality spánku  u mužov označujú za 
hlavný faktor s negatívnym vplyvom  na spánok bolesť. V ženskej populácii 
bola pozorovaná najsilnejšia asociácia medzi  kvalitou spánku, depresiou 
a úzkosťou. Tieto výsledky naznačujú, že pri posudzovaní a manažovaní  
porúch spánku by mala byť okrem iného zohľadnená aj dĺžka trvania 
ochorenia a pohlavie pacienta.  Depresia, úzkosť a bolesti nemusia byť 
len príčinou, ale aj dôsledkom nekvalitného spánku.  Zistili sme, že 
vzťahy medzi jednotlivými premennými sú obojsmerné.  Prítomnosť 
depresie a bolesti na jednej strane negatívne ovplyvňuje spánok, 
rovnako však nízka kvalita spánku môže prehĺbiť symptómy depresie 
či bolesti. Ďalším dôsledkom spánkových problémov je prítomnosť  
únavy. Pozitívna asociácia bola zachytená medzi nízkou kvalitou 
spánku a mentálnou únavou či redukovanou motiváciou.  Zhoršovanie 
symptómov depresie, bolesti a únavy u pacientov  s nekvalitným 
spánkom vedie v konečnom dôsledku k vyššej miere zneschopnenia. 
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