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ABSTRACT

Background: Fatigue is a common and disabling symptom in Multiple Sclero-
sis (MS), yet its underlying mechanisms and neuroimaging findings remain unclear,
particularly in understudied populations such as Iran.

Objective: This study aimed to determine the prevalence of fatigue in MS com-
pared with healthy controls and to explore its associations with brain and spinal cord
Magnetic Resonance Imaging (MRI) findings.

Material and Methods: In this cross-sectional study, 100 MS patients and
100 age- and sex-matched controls were enrolled. Fatigue was assessed using the
Fatigue Assessment Scale (FAS). MRI data for MS patients, including lesion counts
and volumetric measures, were analyzed using the volBrain platform. Statistical analy-
ses (Mann-Whitney U, Kruskal-Wallis, and Spearman’s correlation) were performed
using SPSS.

Results: Significant fatigue (FAS >22) was reported by 92% of MS patients
(mean =29.55+4.41) versus 62% of controls. In MS patients, fatigue correlated posi-
tively with total lesion count (rho=0.203, P=0.043) and juxtacortical lesion count. No
significant associations were found with brain volume, spinal lesions, or demographic
variables. Cervical plaques were present in 85% of patients, but were not significantly
linked to fatigue.

Conclusion: Fatigue is highly prevalent and more severe in MS patients than
in healthy individuals, correlating with total and juxtacortical lesion burden. These
findings suggest a role for lesion load in MS-related fatigue and underscore the need
for longitudinal and functional imaging studies to clarify its mechanisms and guide
targeted interventions.
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Introduction
ultiple Sclerosis (MS) is a chronic autoimmune disease char-
acterized by demyelination, axonal loss, and inflammation in
the central nervous system, leading to a wide range of neu-
rological impairments, including motor, sensory, and cognitive deficits
[1]. Fatigue, reported by 50-80% of MS patients, is one of the most
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debilitating symptoms, profoundly affecting
quality of life, employment, and mental health
[2, 3]. Unlike typical tiredness, MS-related
fatigue is often disproportionate to physi-
cal exertion and resistant to rest, making it a
complex clinical challenge [4, 5].

The pathophysiology of MS-related fatigue
is multifactorial, potentially involving lesion
load, brain atrophy, and disruptions in corti-
cal and subcortical networks [6, 7]. Magnetic
Resonance Imaging (MRI) is the gold stan-
dard for assessing MS pathology, providing
detailed insights into white matter lesions,
gray matter atrophy, and spinal cord involve-
ment [8, 9]. However, A study exploring the
relationship between fatigue and MRI findings
has yielded inconsistent results, with some re-
porting associations with white matter lesion
load [10] and others with cortical atrophy or
network dysfunction [11, 12]. Notably, some
studies have compared fatigue prevalence be-
tween MS patients and healthy controls, and
no such studies have been conducted in Iran,
where MS prevalence is rising [13, 14].

This study addresses these gaps by inves-
tigating fatigue prevalence in MS patients
compared to healthy controls. Additionally, it
examines the association between fatigue and
MRI findings in MS patients, focusing on le-
sion counts (total, periventricular, juxtacorti-
cal, deep white matter, infratentorial, spinal)
and volumetric measures of brain structures
(white matter, gray matter, subcortical, and
cortical regions). The findings aim to contrib-
ute to a better understanding of fatigue mecha-
nisms and guide clinical management in MS.

Material and Methods

Study Design and Population

This cross-sectional, descriptive-analytical
study was conducted at Imam Reza Clinic,
Shiraz University of Medical Sciences, Shiraz,
Iran, from January 2023 to December 2024.
The study population comprised 100 MS pa-
tients, diagnosed according to the revised

McDonald criteria [15, 16], and 100 age and
sex-matched healthy control group, recruited
via convenience sampling. MS patients were
selected from those with available MRI data
in the university’s Infinity system, ensuring
comprehensive neuroimaging records. Con-
trols were recruited from the local community,
with no history of neurological or psychiatric
conditions.

In this study, MS patients aged >18 years
with a confirmed diagnosis based on clinical
and MRI evidence; controls aged >18 years
with no neurological, psychiatric, or chronic
medical conditions were included. Addition-
ally, the patients with incomplete medical re-
cords, concurrent neurological or psychiatric
disorders, use of psychotropic medications,
sleep disorders, pregnancy, substance abuse,
or unreliable data (inconsistent Fatigue As-
sessment Scale (FAS) responses) were exclud-
ed from the study.

Data Collection

Fatigue Assessment: Fatigue was measured
using the FAS, a validated, self-administered
10-item questionnaire with scores ranging
from 10 to 50, where scores >22 indicate sig-
nificant fatigue [17, 18]. The FAS assesses
both physical and mental fatigue, with items
addressing energy levels, task endurance, and
cognitive impact. The questionnaire was com-
pleted in approximately 2 minutes during clin-
ic visits or follow-up assessments.

MRI Analysis: For MS patients, MRI scans
were performed using a standardized MS pro-
tocol on a 1.5 T scanner, including T1-weight-
ed, T2-weighted, Fluid Attenuation Inversion
Recovery (FLAIR), and gadolinium-enhanced
sequences [19]. Data were analyzed using
the volBrain platform, an automated tool for
quantifying brain volumes and lesion charac-
teristics [20]. Lesions were identified in peri-
ventricular, juxtacortical, deep white matter,
infratentorial, and spinal regions, with counts
recorded for each. Volumetric measures in-
cluded white matter, gray matter, subcortical
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gray matter, cortical gray matter, cerebellar
gray matter, and Cerebrospinal Fluid (CSF). A
board-certified radiologist reviewed all MRI
findings to ensure accuracy and consistency.
Controls did not undergo MRI, as the study
prioritized fatigue prevalence comparisons.

Demographic and Clinical Data: Demo-
graphic variables included sex and education
level, categorized as below high school, high
school, post-high school certificate, bachelor’s
degree, master’s degree, and doctorate. For
MS patients, clinical data included the pres-
ence of cervical plaques and cervical/spinal
atrophy, extracted from medical records and
MRI reports.

Statistical Analysis

Data were analyzed using IBM SPSS Sta-
tistics (Version 26). Descriptive statistics,
including means, standard deviations, and
frequencies, were used to summarize fatigue
prevalence, demographic characteristics, and
MRI findings. Normality was assessed using
Kolmogorov-Smirnov and Shapiro-Wilk tests,
revealing non-normal distributions for FAS
scores (P-value<0.001), justifying non-para-
metric tests. Mann-Whitney U tests compared
FAS scores between MS patients and con-
trols, and within MS patients by sex, cervical

plaques, cervical atrophy, and spinal atrophy.
Kruskal-Wallis tests evaluated FAS score dif-
ferences across education levels. Spearman’s
rank correlation coefficients assessed asso-
ciations between FAS scores and MRI mea-
sures (lesion counts and volumetric data) in
MS patients. Statistical significance was set at
P-value<0.05.

Results

The study enrolled 100 MS patients and 100
controls, all with valid FAS data. Table 1 pres-
ents demographic characteristics and fatigue
prevalence. The MS cohort was 82% female,
with education levels distributed as follows:
20% below high school, 30% high school,
11% post-high school certificate, 31% bache-
lor’s degree, 6% master’s degree, and 2% doc-
torate. The control cohort was 86% female,
with education levels: 23% below high school,
30% high school, 13% post-high school cer-
tificate, 24% bachelor’s degree, 9% master’s
degree, and 1% doctorate.

Fatigue Prevalence

In MS patients, the mean FAS score was
29.55+4.41 (range: 16—44, median: 30.00,
Inter Quartile Range (IQR): 27-31), with
92% (92/100) reporting significant fatigue

Table 1: Demographic Characteristics and Fatigue Prevalence

Characteristic

MS Patients (n=100) Controls (n=100)

Female, n (%)
Below high school
High school

Post-high school certificate

Education, n (%) Bachelor’s degree

Master’s degree
Doctorate

FAS Score, mean £SD

Median FAS Score (IQR)

Significant Fatigue (FAS 222)
MS: Multiple Sclerosis, FAS: Fatigue Assessment Scale

82 (82) 86 (86)
20 (20) 23 (23)
30 (30) 30 (30)
11.(11) 13 (13)
31(31) 24 (24)

6 (6) 9(9)
2(2) 1(1)
29.55:+4.41 25.86+6.06
30.00 (27-31) 25.00 (20-30)
92 (92%) 62 (62%)
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(FAS >22). The distribution was slightly left-
skewed (skewness: -0.172) with a kurtosis
of 2.017, indicating near-normal distribution
with minor outliers. In controls, the mean FAS
score was 25.86+6.06 (range: 17-39, median:
25.00,IQR: 20-30), with 62% (62/100) report-
ing significant fatigue. The control distribu-
tion was positively skewed (skewness: 0.609)
with a kurtosis of -0.731, suggesting moderate
variability. The Mann-Whitney U test revealed
significantly higher FAS scores in MS patients
compared to controls (U=3107.500, Z=-4.639,
P-value<0.001), indicating greater fatigue
severity in MS patients.

MRI Findings (MS Patients)

MRI data for MS patients showed mean
brain volumes (cm?®) as follows: white matter
(503.29+73.55), gray matter (634.00+£73.52),
subcortical gray matter (37.62+5.46), corti-
cal gray matter (499.02+76.86), and cerebel-
lar gray matter (100.22+11.14). Cerebrospinal
fluid volume was 188.05+50.52 cm?. Lesions
were identified in periventricular, juxtacorti-
cal, deep white matter, infratentorial, and spi-
nal regions (Figure 1), with cervical plaques
present in 85% of patients and cervical
atrophy in 4%. Spinal atrophy was rare (1%).
Correlations with
Patients)

Spearman’s correlations identified significant
positive associations between FAS scores and
total lesion count (r=0.203, P-value=0.043)
and juxtacortical lesion count (r=0.208, P-
value=0.038). No significant correlations were
found with other MRI measures, including
white matter (r=-0.022, P-value=0.825), gray
matter (r=0.047, P-value=0.639), subcortical
gray matter (r=-0.144, P-value=0.153), corti-
cal gray matter (r=0.056, P-value=0.577), cer-
ebellar gray matter (r=-0.035, P-value=0.732),
spinal lesions (r=0.018, P-value=0.858), or
cortical regions such as the anterior cingulate
gyrus (right: r=0.064, P-value=0.531; left:
r=0.115, P-value=0.258) or insular cortex

Fatigue (MS

Figure 1: Shows the lesions in patients (Red
Arrows)

(right: 1=0.044, P-value=0.662; left: r=0.025,
P-value=0.808). Table 2 summarizes signifi-
cant correlations.

Group Comparisons

In MS patients, Mann-Whitney U tests
showed no significant differences in FAS
scores by sex (P-value=0.383), presence of
cervical plaques (P-value=0.065), cervical at-
rophy (P-value=0.777), or spinal atrophy (P-
value=0.903). The Kruskal-Wallis test indicat-
ed no significant differences across education
levels (¥*=5.191, P-value=0.393), suggesting
that demographic factors did not influence
fatigue severity in this cohort. In controls,
Mann-Whitney U tests revealed no signifi-
cant difference in FAS scores by sex (P-val-
ue=0.231). The Kruskal-Wallis test showed no
differences across education levels (¥*=3.650,
P-value=0.601).

The significant difference in FAS scores
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between MS patients and controls (P-value
<0.001) highlights greater fatigue severity in
MS patients (Figure 2).

Discussion

This study confirms a high prevalence of fa-
tigue in MS patients (92%) compared to con-
trols (62%), with significantly higher fatigue
severity in MS patients (mean FAS: 29.55
vs. 25.86, P-value<0.001), reflecting the
neurological burden of MS [21]. The higher
prevalence and severity of fatigue in MS pa-
tients align with expectations, as fatigue is a
hallmark symptom driven by central nervous
system pathology [22]. The lower prevalence
(62%) and fatigue severity in controls sug-
gest that fatigue in healthy individuals may be
influenced by factors such as lifestyle, occu-
pational demands, or psychosocial stressors,
though these were not assessed in this study
[23].

In MS patients, fatigue was significantly

associated with total lesion count (r=0.203,
P-value=0.043) and juxtacortical lesion count
(r=0.208, P-value=0.038), supporting evi-
dence that lesion burden contributes to fatigue
[12, 24, 25]. Juxtacortical lesions, located near
the cortex, may disrupt cortical-subcortical
networks involved in attention, motivation,
and energy regulation, contributing to fatigue
perception [26, 27]. The absence of significant
correlations with volumetric measures (white
matter, gray matter) or specific cortical re-
gions (anterior cingulate gyrus, insular cortex)
contrasts with studies suggesting a role for
cortical atrophy in fatigue [28, 29]. This dis-
crepancy may reflect cohort-specific factors,
such as disease duration or lesion distribution,
or the use of Spearman’s correlations, which
are sensitive to non-linear relationships. The
non-significant association with spinal lesions
(r=0.018, P-value=0.858) or cervical plaques
(P-value =0.065) suggests that spinal pathol-
ogy plays a limited role in fatigue compared to

Table 2: Significant Spearman’s Correlations with Fatigue Assessment Scale (FAS) Scores in

Multiple Sclerosis (MS) Patients

MRI Measure Correlation Coefficient (r) P-value
Total Lesion Count 0.203 0.043
Juxtacortical Lesions 0.208 0.038

MRI: Magnetic Resonance Imaging

45 ~
40 =
35

2 30

L
25
20 3
15 :

Case

Control

Group

Figure 2: Shows the higher Fatigue Assessment Scale (FAS) score in Multiple Sclerosis (MS)

patients compared to control group
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supratentorial lesions [30].

The lack of MRI data for controls precludes
direct comparisons of brain pathology, limit-
ing mechanistic insights into their fatigue lev-
els. Additionally, the absence of detailed lesion
volume data restricts the ability to quantify the
extent of lesion burden beyond counts.

The current study has some limitation, as fol-
lows: the cross-sectional design of the study
precludes causal inferences regarding the re-
lationship between fatigue and MRI findings.
Additionally, the use of convenience sampling
may introduce selection bias, particularly
among the control group, which may not be
fully representative of the general population.
Although the FAS is a validated instrument, it
relies on subjective self-reporting, which can
be influenced by mood or cognitive factors
[31]. Furthermore, the stressful conditions ex-
perienced by the Iranian population may con-
tribute to higher levels of fatigue even among
healthy individuals compared to other coun-
tries; this may partly explain the relatively
high prevalence of fatigue (62%) observed in
the healthy control group in the present study.
Finally, the small subgroup sizes (e.g., spinal
atrophy, n=1; control doctorate, n=1) limit the
statistical power for some analyses.

The association between fatigue and le-
sion load in MS patients supports the use of
disease-modifying therapies to reduce lesion
accumulation, potentially alleviating fatigue
[32]. The higher fatigue prevalence and se-
verity in MS patients emphasize the need
for targeted interventions addressing neuro-
logical contributors to fatigue. These findings
highlight the importance of regional studies
in understanding population-specific disease
characteristics, particularly in Iran where MS
prevalence is rising. Future studies should
incorporate longitudinal designs, functional
MRI to assess network connectivity, and tight-
ly matched controls to validate these findings.

Conclusion
Fatigue is highly prevalent (92%) and more

severe in MS patients compared to healthy
controls (62% prevalence), reflecting the neu-
rological burden of the disease. In MS patients,
fatigue is associated with increased total and
juxtacortical lesion counts, underscoring the
role of lesion burden in its pathophysiology.
These findings highlight the need for further
research with longitudinal designs and ad-
vanced neuroimaging techniques, such as
functional MRI, to elucidate the mechanisms
of fatigue and develop effective therapeutic
strategies. This study contributes valuable
insights into fatigue in MS within an Iranian
context, advancing progress toward improved
clinical management.
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