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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 



10 CHAPTER 1

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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