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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. 



24 CHAPTER 2

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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