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ABSTRACT

Background: The main objective of this study is to determine
whether fatigue in patients with relapsing-remitting multiple
sclerosis (RRMS) is associated with a lower quality of life.

Methods: The study included 50 participants with a confirmed
diagnosis of relapsing-remitting multiple sclerosis. Fatigue levels
were assessed using the Modified Fatigue Impact Scale, while
quality of life was evaluated with the Multiple Sclerosis Quality of
Life-54 questionnaire.

Main findings: Total fatigue and all its components demonstrated a
strong negative correlation with all elements of quality of life. A
greater number of relapses, higher Expanded Disability Status Scale
(EDSS) scores, and the presence of comorbidities were significantly
associated with overall fatigue and all its subtypes, while longer
disease duration showed significant correlation with overall and
physical fatigue. Although women had slightly higher average
fatigue scores, this difference was not statistically significant. Age,
marital status, and employment status were not significantly
associated with fatigue levels, whereas participants with lower
levels of education reported higher psychosocial fatigue.

Principal conclusion: The results of this study showed that fatigue
had a statistically significant negative impact on the quality of life
of patients with RRMS. The duration of the disease, a higher
number of relapses, and elevated EDSS scores, as well as the
presence of comorbidities, contributed to the development of
fatigue, while sex, age, and sociodemographic factors, except for the
level of education, did not demonstrate a significant influence.
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INTRODUCTION

Multiple sclerosis (MS) is the most common
chronic, inflammatory, and autoimmune
disease of the central nervous system,
characterized by demyelination,
neurodegeneration, and gliosis (1). It is caused
by a combination of genetic and environmental
factors, including vitamin D deficiency,
Epstein-Barr virus infection, and smoking (1,
2). The most common form of the disease is
relapsing-remitting MS (RRMS), which may
later evolve into progressive forms (3, 4).
Diagnosis is based on clinical presentation,
brain and spinal cord magnetic resonance
imaging (MRI), cerebrospinal fluid analysis,
and evoked potentials (5-7). The 2017
McDonald criteria allow for early diagnosis by
confirming dissemination of lesions in time
and space (7, 8).

Treatment  includes  immunomodulatory
therapy to slow disease progression and
corticosteroids for relapse management, as
well as symptomatic therapy for specific issues
such as spasticity, pain, and bladder
dysfunction (9-11). The therapeutic approach
may follow a step-wise escalation or early
intensive strategy, depending on disease
severity (12, 13).

Fatigue is one of the most frequent and
disabling symptoms of MS, affecting up to 90%
of patients (28). It is described as a persistent
physical and mental exhaustion that is
disproportionate to activity and not relieved
by rest, significantly reducing daily
functioning and quality of life (14, 15). In
addition  to  neuroinflammation = and
demyelination, factors such as sleep
disturbances, medication side effects, and
depression can worsen fatigue (15). It is
commonly assessed using tools such as the
Modified Fatigue Impact Scale (MFIS), and
treatment involves a combination of non-
pharmacological strategies (e.g., physical
activity, psychotherapy) and pharmacological
agents such as modafinil (16-18).
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Quality of life in MS patients is strongly
influenced by disease-related symptoms,
particularly fatigue, degree of disability, social
support, and psychological disturbances (19,
20). Given the complexity of the disease,
quality of life has become a key indicator of
therapeutic success and a guide for planning
individualized interventions (21, 22).

The aim of this study is to determine whether
fatigue in patients with RRMS is associated
with reduced quality of life. Additional
objectives include examining whether fatigue
intensity is significantly associated with higher
Expanded Disability Status Scale (EDSS)
scores, more frequent relapses, and longer
disease duration, in addition to female sex, as
well as exploring the potential contribution of
other demographic factors and comorbidities
to its development.

PARTICIPANTS AND METHODS

Participants

A cross-sectional study was conducted in
collaboration with patients diagnosed with
RRMS, in accordance with the revised 2017
McDonald criteria. The research took place at
the demyelinating diseases outpatient clinic
and the neurological day hospital of the
Department of Neurology at the University
Clinical Hospital Mostar (SKB Mostar), from
January 15 to April 20, 2025. A total of 50
participants of different sexes and ages, with
varying degrees of neurological impairment,
were included. Eligible participants were over
18 years of age, had a confirmed diagnosis of
RRMS, and had undergone individualized
immunomodulatory treatment within the past
three years. All patients gave informed consent
after being clearly informed about the purpose
of the work, and their data were fully
protected. The exclusion criteria included
patients  with  primary or secondary
progressive forms of MS, as well as those not
receiving immunomodulatory therapies.
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Methods

For the purposes of this study, a structured
questionnaire was created in which patients
provided demographic information (name and
surname, age, sex, marital status, education
level, and employment status) and clinical data
related to their disease (disease duration, total
number of relapses, most recent EDSS score,
and associated comorbidities). Additionally,
two standardized instruments were used: the
Modified Fatigue Impact Scale (MFIS) and the
Multiple  Sclerosis  Quality of Life-54
questionnaire (MSQoL-54) (16, 23). The MFIS
assesses the perceived impact of fatigue on
patients” daily functioning across physical,
cognitive, and psychosocial domains, with
higher scores indicating greater fatigue (23).
The MSQoL-54 evaluates quality of life in MS
patients through multiple domains, with
higher scores reflecting better functioning and
well-being. It also includes two summary
indices: physical and emotional health
components (23).

Statistical analysis

Data analysis was conducted using descriptive
statistical methods, with categorical variables
presented as absolute and relative frequencies.
Descriptive  statistics also enabled the
calculation of means, standard deviations, and
other measures of dispersion for the numerical
variables. The Chi-square test was utilized to
test differences between categorical variables.
The distribution of continuous variables was
assessed with the Kolmogorov-Smirnov test.
Depending on the distribution, differences
between continuous variables were analyzed
with the Student t-test, Mann-Whitney U test,
and Kruskal-Wallis H test. The association
between variables was examined with the
appropriate  correlation tests.  Statistical
analysis of the collected data was performed
with IBM SPSS Statistics (version 25.0, SPSS
Inc., Chicago, Illinois, USA) and Microsoft
Excel 2019 (Microsoft Corporation, Redmond,
WA, USA).
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RESULTS

As seen in Table 1, statistically significant
differences were observed across all examined
sociodemographic variables. Gender
distribution differed significantly, indicating a
disproportion between male and female
participants. Educational attainment also
showed significant variation, with participants
unevenly distributed across different levels of
education. Marital status revealed a
statistically significant difference, suggesting a
predominance of one category over others.
Similarly, = employment  status  varied
significantly among participants, highlighting
an imbalance in work-related roles within the
sample.

Table 1. Sociodemographic characteristics of
studied sample

n % p
Gender 8.000 0.005
M 15 30.0
F 35 70.0

Education 17.680 0.001
Elementary school 2 4.0

Secondary school 19 38.0

University 9 18.0
University 20 40.0
Marital status 50.920 <0.001
Married 40 80.0
Single 9 18.0
Widower 1 2.0

Working status 72.400 <0.001

Employed 38 76.0
Unemployed 9 18.0
Pensioner 1 2.0
Student 2 40

Disease characteristics by sex and the number
of comorbidities are presented in Table 2, with
no statistically significant differences found.
Table 2 shows that the average disease
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duration was slightly longer in men than in
women with RRMS. Average relapse counts,
EDSS scores, and the number of comorbidities
although the
differences were not statistically significant.

were higher in women,
Half of the participants reported having at
least one additional disease besides MS, with
hypertension, hypothyroidism, diabetes, and
sleep disorders being the most common

comorbidities.

Table 2. Gender differences in clinical characteristic

An data the MFIS
questionnaire revealed that most patients

analysis of from
experienced some degree of fatigue in the
preceding four weeks. Average values of
physical, cognitive, psychosocial, and total

fatigue were somewhat higher in female

participants, = but  without statistically
significant differences between the sexes
(Table 3).

s of the disease and associated comorbidities

Sex
M F t p
X SO X SD
Duration of disease (in years) 7.87 6.07 724 6.45 0319 0.751
Number of relapses 3.13 247 4.00 345 0.879 0.384
Last EDSS 223 2.03 224 1.65 0.017 0.986
Number of associated comorbidities 0.33 0.49 0.74 0.82 1.802 0.078
Table 3. Gender differences in MFIS questionnaire scores
Sex
MFIS M F t p
X SD X SD

Physical fatigue 11.07 12.06 14.11 10.14 0.920 0.362

Cognitive fatigue 11.53 10.15 12.69 7.28 0.454 0.652
Psychosocial fatigue 2.00 2.67 3.06 230 1.419 0.162

Total fatigue 24.60 24.08 29.86 18.96 0.827 0.412

A weak positive correlation was observed
between age and overall fatigue level, though
it was not statistically significant (Figure 1).
Fatigue levels compared by marital status
showed no significant differences (Figure 2).
They also varied by working status (Figure 3),
but again, without statistical significance.

Table 4 indicates that participants with lower
educational levels (primary and secondary
reported  higher levels

school) fatigue

compared to those with higher education. The
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most pronounced and statistically significant
differences were found in psychosocial fatigue.
Longer disease duration positively correlated
with higher levels of physical and total fatigue,
but not with the cognitive or psychosocial
types (Table 5). Additionally, the numbers of
relapses and comorbidities, as well as the last
EDSS score, showed statistically significant
positive correlations with total, physical,
cognitive, and psychosocial fatigue.

the

revealed that patients were equally satisfied

Data from MSQoL-54 questionnaire
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and dissatisfied with their quality of life
overall. According to Table 6, the greatest
impairment in quality of life was observed in
physical and emotional limitations, as well as
vitality, health perception, the physical health
component, and health changes. While most
quality-of-life subscale scores were lower in
females than males, no statistically significant
sex differences were found.

r=0,127; p=0,380
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Figure 1. Relationship between participants’ age and total fatigue
level
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Figure 2. Relationship between participants’ marital status and
overall fatigue level
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Figure 3. Relationship between participants’ employment status
and total fatigue level
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Table 7 shows that total fatigue and all its
components significantly negatively correlate
with all quality-of-life subscales, indicating
that greater fatigue is associated with poorer
quality of life across all measured domains.

DISCUSSION

This research examined the impact of fatigue
on quality of life in RRMS patients, focusing on
its  association = with  clinical  disease
characteristics. The results showed that greater
fatigue intensity significantly correlated
negatively with quality of life. Higher EDSS
scores, more relapses, comorbidities, and
longer disease duration were significantly
linked to increased fatigue. The relationship
between fatigue and reduced quality of life
aligns with previous findings. A 2024
American study demonstrated that severe
fatigue in RRMS patients correlates with lower
physical and mental quality-of-life
components (25). A 2021 paper including all
MS types identified fatigue as the most
important quality-of-life factor, surpassing
even disability level (26). This link reflects the
complex pathophysiology of fatigue in MS,
involving neuroinflammatory and
neurodegenerative changes as well as
psychological factors like depression and sleep
disturbances, which worsen subjective quality
of life (22, 27). However, some works note
variability in this association (27, 28). A
number of authors suggest depression and
disability may have a stronger effect on
perceived quality of life than fatigue,
particularly in their interaction, with
differences possibly due to measurement tools,
cultural factors, and sample heterogeneity (28).
A positive correlation between disease
duration and fatigue was noted by Téllez et al.,
attributed to prolonged neuroimmunological
burden and progressive demyelination
reducing functional reserves (22). However,
the lack of association between disease
duration and cognitive or psychosocial fatigue
here suggests these may depend more on

(1]
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lesion location and psychological factors like
anxiety, depression, and social support (30).
Penner and Paul emphasize the multifactorial
nature of fatigue, which is often dominated by
psychological influences (30).

Higher EDSS scores were linked to greater
fatigue, consistent with prior studies (29, 31).
As an indicator of neurological disability,

EDSS reflects the physical burden experienced
daily (29). While severe fatigue occurred in
patients with lower EDSS, it was more
pronounced in those with greater disability,
possibly due to increased energy use or
unrecognized neurodegeneration not fully
captured by EDSS (31).

Table 4. Correlation between MFIS questionnaire scores and participants’ educational level

Education level

MFIS Primary school Secondary school Postsecondary Higher education H P
M IR M IR M IR M IR

Physical fatigue 19.50 16.00 19 6.00 17 11.00 19 5458 0.141

Cognitive fatigue 19.50 11.00 12 7.00 5 10.00 10 6318 0.097

Psychosocial fatigue  5.00 3.00 4 1.00 4 2.00 4  8.159 0.043

Total fatigue 44.00 26.00 32 12.00 24 24.50 31 5.828 0.120

Table 5. Correlation between disease duration, number of relapses, latest EDSS, and number of comorbidities

with MFIS questionnaire variables

MEIS Disease duration Nri?;zzzs()f Last EDSS c§£$gféig£s

r p r p r p r p
Physical fatigue 0.376 0.007 0.674 <0.001 0.930 <0.001 0.424 0.002
Cognitive fatigue 0.170 0.238 0.483 <0.001 0.795 <0.001 0.374 0.008
Psychosocial 0.208 0.146 0.553 <0.001 0.861 <0.001 0.367 0.009
Total fatigue 0.289 0.042 0.610 <0.001 0.904 <0.001 0.414 0.003

More relapses were also associated with higher
fatigue, potentially due to cumulative central
(CNS) (22, 32).

et al. warn that the

nervous system
Strober

predictive value of the relapse count decreases

damage
However,

when accounting for depression and disability,
highlighting the need to control psychosocial
(33). with
comorbidities higher

variables Patients more

reported fatigue,
supporting findings by Marrie et al. and Fiest
et al. (34, 35). The complex relationship

between comorbidities and fatigue requires
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further differentiation, as they vary in intensity
and mechanisms (30).

Regarding demographics, despite a trend of
higher fatigue in women, no significant sex
with
previous research (29, 36). Higher female

differences were found, consistent

fatigue may relate to hormonal fluctuations or

psychosocial factors, as women report

symptoms and seek care more frequently (37).
Conversely, a 2021 Norwegian study identified
female sex as an independent fatigue risk
factor in MS (38).
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Other demographic factors were generally not
significantly associated with fatigue, except
education level. Lower education correlated
with greater fatigue, especially psychosocial,
with significant differences. These results align
with Patti et al., showing higher education
correlates with better quality of life, likely due
to Dbetter disease awareness and coping
strategies affecting fatigue perception and
psychosocial adjustment (39).

The limitations of this work include the small,
single-center sample limiting generalizability
and the use of subjective tools like the MSQoL-
54 and MFIS, which may potentially be
influenced by individual interpretation and
mood. Future studies should involve larger
samples, healthy controls, and additional tools
assessing depression and sleep quality, given
their known impact on MS fatigue.

In conclusion, fatigue significantly negatively
impacts quality of life in RRMS patients. Its
association with clinical and demographic

factors - especially disability, relapse count,
and education - underscores the need for
holistic, individualized care. Fatigue should be
targeted directly as a key intervention goal, not
merely considered a secondary symptom.

CONCLUSION

Based on the results of this study, it can be
concluded that fatigue has a significant
negative impact on the quality of life of
individuals with RRMS. It was observed that
longer disease duration and a greater number
of relapses, as well as higher EDSS scores and
comorbidities, significantly contribute to the
development of fatigue in these patients. On
the other hand,

frequency of fatigue was found in females

no significantly higher
compared to males. Additionally, age, marital
status, and employment status were not
associated with

Table 6. Sex differences in MSQoL-54 questionnaire results

Sex
M t p

MSQoL-54 X SD X SD

Physical health 77.00 34.63 77.29 25.62 0.032 0.974
Physical role limitations 65.00 46.10 56.43 46.31 0.601 0.551
Emotional role limitations 71.11 43.40 66.67 44.28 0.327 0.745
Bodily pain 74.78 32.46 76.57 20.27 0.238 0.813
Emotional well-being 85.07 24.40 77.03 16.56 1.358 0.181
Vitality 67.47 25.38 60.34 22.07 1.000 0.322
Health perception 73.33 25.68 63.26 20.22 1.487 0.144
Social functioning 76.11 30.84 70.71 23.95 0.669 0.507
Cognitive functioning 79.00 22.61 77.00 14.46 0.376 0.709
Health distress 81.00 23.62 73.00 18.48 1.289 0.204
Sexual functioning 86.67 31.94 90.72 15.63 0.605 0.548
Change in health 55.00 25.35 49.29 18.67 0.888 0.379
Sexual satisfaction 73.33 32.00 78.57 16.21 0.771 0.444
Overall quality of life 76.78 22.65 73.40 17.96 0.562 0.576
Physical health composite score 74.65 29.87 70.10 21.93 0.602 0.550
Mental health composite score ~ 78.75 26.58 73.32 20.96 0.773 0.443
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Table 7. Correlation between fatigue and quality of life components

Physical fatigue  Cognitive fatigue Psyfc; ltli(;fedal Total fatigue
r p r p r p r p
Physical health -0.923  <0.001 -0.812 <0.001 -0.861 <0.001 -0.907 <0.001
Physical role limitations -0.855  <0.001 -0.767 <0.001 -0.812 <0.001 -0.848 <0.001
Emotional role limitations -0.842  <0.001 -0.745 <0.001 -0.783 <0.001 -0.829 <0.001
Bodily pain -0.797  <0.001 -0.706 <0.001 -0.768 <0.001 -0.788 <0.001
Emotional well-being -0.724  <0.001 -0.837 <0.001 -0.820 <0.001 -0.808 <0.001
Vitality -0.881  <0.001 -0.903 <0.001 -0.925 <0.001 -0.929 <0.001
Health perception -0.910  <0.001 -0.888 <0.001 -0.922 <0.001 -0.938 <0.001
Social functioning -0.939  <0.001 -0.883 <0.001 -0.915 <0.001 -0.950 <0.001
Cognitive functioning -0.744  <0.001 -0.868 <0.001 -0.798 <0.001 -0.829 <0.001
Health distress -0.845  <0.001 -0.859 <0.001 -0.870 <0.001 -0.886 <0.001
Sexual functioning -0.730  <0.001 -0.730 <0.001 -0.697 <0.001 -0.754 <0.001
Change in health -0.598  <0.001 -0.637 <0.001 -0.638 <0.001 -0.641 <0.001
Sexual satisfaction -0.712  <0.001 -0.714 <0.001 -0.677 <0.001 -0.736 <0.001
Overall quality of life -0.915  <0.001 -0.875 <0.001 -0.923 <0.001 -0.935 <0.001
Physical health composite score  -0.953  <0.001 -0.895 <0.001 -0.932 <0.001 -0.964 <0.001
Mental health composite score -0.899  <0.001 -0.892 <0.001 -0.906 <0.001 -0.931 <0.001

higher levels of fatigue. Participants with
lower educational levels reported greater
fatigue, with statistically significant differences
particularly evident in psychosocial fatigue.
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