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Background:Multiple Sclerosis (MS) is a chronic, progressive, immune-mediated

disease of the central nervous system. Fatigue is a common and disabling

symptom in patients with MS (PwMS). Some psychological factors, such as

depression, stress, and anxiety, also appear to be related to these issues.

Objectives: The study aimed to investigate the fatigue conditions of PwMS in

China and its influencing factors, as well as to explore the correlation between

fatigue with anxiety and depression.

Methods: This study was a cross-sectional study conducted through the

Internet, which collected demographic characteristics, clinical data, Modified

Fatigue Impact Scale (MFIS), Beck Anxiety Inventory (BAI), and Beck Depression

Inventory-II (BDI-II).

Results: A total of 366 PwMS were included in this study. MFIS showed a median

fatigue total score of 40.0 (interquartile range [IQR] 26.0–52.0), with 55.7% (n

= 204) of patients experiencing fatigue. The scores on MFIS were positively

correlated with age, disease duration, BAI score, and BDI-II score.

Conclusion: The prevalence of fatigue among Chinese PwMS is 55.7%. Age,

education, employment, marital status, type of disease, and disease duration are

all factors influencing the fatigue rate in PwMS. Fatigue in PwMS exhibit strong

positive correlations with depression and anxiety.
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1 Introduction

Multiple Sclerosis (MS) is an immune-mediated disease primarily characterized by
inflammatory demyelinating lesions in the central nervous system (CNS), with features
of inflammation, demyelination, gliosis, and neuronal loss. The lesions predominantly
affect the white matter. The etiology remains unclear and may be associated with a variety
of factors including genetics, environment, and viral infections (1). It is estimated that
globally, 2.8 million people are affected by MS (35.9 per 100,000 individuals) (2). The
incidence rate of MS in China is 0.235 per 100,000 people. MS predominantly affects young
and middle-aged individuals (3), with a male-to-female ratio of 1:3 (4).

Patients with multiple sclerosis (PwMS) exhibit a variety of clinical manifestations,
including decreased vision, diplopia, sensory and motor disturbances in the limbs, ataxia,
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fatigue, and bladder or bowel dysfunction. Common psychological
dysfunctions in PwMS include depression, anxiety, stress, and sleep
disorders (5, 6). As the disease progresses, these symptoms impact
the patient’s daily life and reduce their quality of life (7, 8).

The pathophysiology of fatigue in PwMS have not been fully
elucidated and may involve mechanisms related to immune,
metabolic, and inflammatory aspects such as demyelination,
impaired cellular metabolism, and alterations in neurotransmitter
function (9). Some studies indicated that PwMS who have anxiety
disorders are significantly more likely to experience fatigue, pain,
and sleep problems, which are exacerbated by the coexistence of
depression (10).

The purpose of this study is to understand the prevalence of
fatigue in PwMS and its influencing factors, and to explore the
correlation of fatigue to anxiety and depression.

2 Materials and methods

2.1 Study design and participants

This was a cross-sectional study conducted from January 4th
to 22nd, 2024, by distributing an online survey questionnaire to
PwMS in China. The study was fully compliant with national and
international regulations, as well as the Declaration of Helsinki
(2013). This study was approved by the Ethics Committee of
Yan’an University Medical College No. 3 Affiliated Hospital
(number: YDXY-KY-2023-014). All enrolled patients agreed with
the participation in the project and the usage of anonymized data.

Inclusion criteria: The study included PwMS from the patient
database of Yan’an University Medical College No. 3 Affiliated
Hospital. All PwMS were diagnosed according to the 2017 revised
McDonald criteria (11), and their diagnosis was confirmed by a
neurologist. Participants were aged ≥18 years old. Moreover, they
had signed an informed consent form and had the ability to read
and correctly understand the content of the scales and provide
responses. Exclusion criteria: Patients were excluded if they could
not complete the survey questionnaire correctly or had invalid
responses. Also excluded were patients with clinically isolated
syndrome (CIS) in the disease subtype of MS, as well as those
with other neurological immune diseases, such as neuromyelitis
optica spectrum disorder (NMOSD) and MOG antibody-positive
diseases. Patients with severe cognitive impairment or other
functional disabilities that could affect scale assessment were also
excluded. In addition, excluded were patients with other diseases
that might affect fatigue (such as cancer, severe cardiopulmonary
diseases, renal failure, migraine, hypothyroidism, and severe sleep
disorders). Finally, patients who had been in the acute phase of
MS due to a recent onset or relapse with in the past 4 weeks
were excluded.

2.2 Questionnaire data collection

An anonymous questionnaire survey was conducted using the
“Wenjuanxing” software (https://www.wjx.cn/). The questionnaire
is divided into five parts, including demographic characteristics,
clinical characteristics, and Modified Fatigue Impact Scale (MFIS)

(12), Beck Anxiety Inventory (BAI) (13), Beck Depression
Inventory-II (BDI-II) (14). For demographic characteristics, we
collected data on gender, age, current residence, education,
employment, and marital status. For clinical characteristics, we
gathered information on disease type of MS, which is categorized as
relapsing-remitting MS (RRMS), primary-progressive MS (PPMS)
and secondary-progressive MS (SPMS) (11). We also collected
data on disease duration, current medications, use of fampridine
sustained-release tablets, use of modafinil or amantadine, history of
depression disorders, use of anti-depressant medications, history of
anxiety disorders, and use of anti-anxiety medications. For fatigue
assessment, the MFIS is used to measure the fatigue condition of
patients over the past 4 weeks. It is divided into three subscales:
cognitive, physical, and psychosocial, with a total of 21 items,
including 10 items on cognitive function, 9 items on physical
function, and 2 items on psychosocial function. Each item is scored
based on the frequency of symptom occurrence from “none” to
“almost always” with scores ranging from 0 to 4. The total score
ranges from 0 to 84, with higher scores indicating more severe
fatigue and a greater impact on quality of life. An MFIS total score
of ≥38 points can be defined as a state of fatigue (12, 15, 16). For
anxiety assessment, the BAI is used to measure the 21 cognitive and
somatic symptoms of clinical anxiety experienced by patients over
the past week. The scale consists of 21 items, with each item scored
according to the severity of symptoms from “none” to “severe”
ranging from 0 to 3 points. The total score ranges from 0 to 63, with
higher scores indicating a more severe level of anxiety. The scoring
ranges can be defined as 0–7 (normal), 8–15 (mild anxiety), 16–25
(moderate anxiety), and 26–63 (severe anxiety) (13). For depression
assessment, the Beck Depression Inventory-II (BDI-II) is used to
measure the severity of depression in patients over the past 2 weeks.
The scale consists of 21 items, with each item scored according to
the severity of symptoms from “none” to “severe” ranging from 0
to 3 points. The total score ranges from 0 to 63, with higher scores
indicating a more severe level of depression (14). The scoring range
can be categorized as 0–13 (normal), 14–19 (mild depression),
20–28 (moderate depression), and 29–63 (severe depression) (17).

2.3 Statistical analysis

Data analysis was conducted using the SPSS 27.0 statistical
software (IBM, USA). Normally distributed quantitative data
were presented as mean ± standard deviation (SD), while non-
normally distributed quantitative data were presented as median
and interquartile range [M (P25, P75)]. Categorical data are
expressed as frequency and percentage (%). Chi-square tests and
non-parametric Mann–Whitney U tests were used to analyze the
factors affecting fatigue in PwMS. Spearman’s correlation analysis
was utilized to explore the correlations of fatigue to anxiety and
depression. In the correlation analysis, the strength and direction
of the relationships between variables were quantified using the
correlation coefficient (R). The R-value ranges from−1 to 1, where
values closer to 1 or −1 indicate a stronger positive or negative
relationship, respectively, and values near 0 suggest little to no
correlation. Statistical significance was determined at the P <

0.05 level.
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FIGURE 1

Flow diagram representing the data selection process. MS, multiple

sclerosis.

3 Results

3.1 Baseline characteristics of PwMS

A total of 422 questionnaires were collected, with 366 valid
questionnaires, yielding a response rate of 86.7%. Exclusions
accounted for 56 questionnaires, including those who refused to
provide informed consent (n = 6), individuals under the age of
18 years old (n = 7), those with other diseases (n = 29), invalid
responses (n = 2), and patients with acute-phase MS (n = 12)
(Figure 1). A total of 366MS patients were included in this study,
and the baseline characteristics are shown in Table 1. Among the
patients, 75.4% (n = 276) were female and 24.6% (n = 90) were
male, with a gender ratio of 3:1 (female:male). The median age was
33.5 (28.0, 42.0) years old. 246 (67.2%) patients were graduated
from university. In this study, 222 (60.7%) patients were employed,
and 115 (31.4%) patients were unemployed. Among the patients,
114 (31.1%) were single, and 227 (62.0%) were married. The
national distribution map of the patients’ residences in this study
was shown in Figure 2, with the highest number of respondents
from Shandong Province (35 patients), followed by Guangdong
Province (28 patients), Inner Mongolia (27 patients), and Shaanxi
Province as well as Hubei Province (both with 26 patients).

Most of the patient were RRMS, accounting for 87.2% (n= 319)
of the overall patients, followed by SPMS patients at 9.3% (n= 34),
and PPMS patients at 3.6% (n = 13). The median disease duration
was 45.0 (17.0, 96.0) months. The disease modifying therapy
(DMT) currently used were shown in Table 1, with ofatumumab
accounting for the largest proportion at 21.3% (n = 78), followed
by teriflunomide at 18.9% (n = 69), and siponimod at 17.5% (n
= 64). 80 (21.9%) patients had a history of taking fampridine

sustained-release tablets, and 21 (5.7%) patients had a history of
taking modafinil or amantadine (Table 1).

3.2 Prevalence of fatigue, anxiety, and
depression in PwMS

The survey indicated that 13.9% (n = 51) of the patients had a
history of depression disorders, with 10.9% (n= 40) patients having
used anti-depressant medications. And it also shows that 16.1%
(n = 59) had a history of anxiety disorders, with 10.9% (n = 40)
patients having used anti-anxiety medications.

The results from the MFIS showed that the median total fatigue
score was 40.0 (26.0, 52.0), with a median physical score of 18.5
(11.0, 26.0), a median cognitive score of 18.0 (12.0, 23.0), and
a median psychosocial score of 3.0 (1.0, 5.0). The proportion of
patients experiencing fatigue (MFIS total score ≥38) was 55.7% (n
= 204). The results from the BAI indicated that the median total
anxiety score was 8.0 (3.0, 16.0), with 172 patients (47.0%) having
no anxiety, and 194 patients (53.0%) experiencing anxiety. The
results from the BDI-II showed that the median total depression
score was 13.0 (6.0, 23.0), with 193 patients (52.7%) having
no depressive symptoms, and 173 patients (47.3%) exhibiting
depressive symptoms. Significantly, the BAI indicated that 8.7% (n
= 32) of patients had symptoms of severe anxiety, and the BDI-II
showed that 15.8% (n = 58) of patients had symptoms of severe
depression (Table 2).

3.3 Univariate analyses of factors a�ecting
fatigue in PwMS

Patients were divided into fatigue (MFIS total score≥38 points,
n= 204) and non-fatigue group (MFIS total score <38 points, n=

162), as shown in Table 1. The median age of patients with fatigue
was older than that of patients without fatigue (36.0 [30.0, 47.0]
vs. 31.0 [27.0, 36.3], P < 0.001). There was a significant difference
in patients with different education background (P < 0.001),
with patients having a university degree or above experiencing
a lower rate of fatigue compared to those with a high school,
middle school, or lower education level. There was a statistically
significant difference in the occurrence of fatigue among patients
with different occupations (P< 0.001) and unemployed individuals
had a higher rate of fatigue. The pairwise comparisons revealed
that unmarried patients had a lower rate of fatigue than divorced
patients. There was a significant difference in fatigue rates among
different disease types (P < 0.001). SPMS patients showed a
markedly high rate of fatigue compared to RRMS patients. The
median disease duration was greater in the patients with fatigue
than in the patients without fatigue (59.5 [24.0, 133.8] months
vs. 31.5 [9.8, 65.3] months, P < 0.001). The use of fampridine
sustained-release tablets showed a statistically significant difference
between the MS fatigue group and the non-fatigue group (P
< 0.001).

Patients with a history of depression and the use of
antidepressant medication, as well as those with a history of
anxiety disorders and the use of anti-anxiety medication, all had
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TABLE 1 Demographic and clinical data of PwMS investigated in this study (N = 366).

Variables Patients
(n = 366)

Non-fatigue
group (n = 162)

Fatigue group
(n = 204)

P

Gender

Male 90 (24.6%) 34 (21.0%) 56 (27.5%) 0.154∗

Female 276 (75.4%) 128 (79.0%) 148 (72.5%)

Age (years) 33.5 (28.0, 42.0) 31.0 (27.0, 36.3) 36.0 (30.0, 47.0) <0.001‡

Groups of age (years)

18 ≤ Age<28 90 (24.6%) 54 (33.3%) 36 (17.6%) <0.001∗

28 ≤ Age<38 142 (38.8%) 71 (43.8%) 71 (34.8%)

38 ≤ Age<48 77 (21.0%) 30 (18.5%) 47 (23.0%)

48 ≤ Age<58 42 (11.5%) 4 (2.5%) 38 (18.6%)

Age ≥ 58 15 (4.1%) 3 (1.9%) 12 (5.9%)

Education

Junior high school and below 58 (15.8%) 17 (10.5%)a 41 (20.1%)a <0.001∗

Senior high school 62 (16.9%) 17 (10.5%)a 45 (22.1%)a

University and above 246 (67.2%) 128 (79.0%)b 118 (57.8%)b

Employment

Student 29 (7.9%) 16 (9.9%)a 13 (6.4%)a <0.001∗

Employed 222 (60.7%) 115 (71.0%)a 107 (52.5%)a

Unemployed 115 (31.4%) 31 (19.1%)b 84 (41.2%)b

Marital status

Single 114 (31.1%) 62 (38.3%)a 52 (25.5%)a 0.007∗

Married 227 (62.0%) 95 (58.6%)a,b 132 (64.7%)a,b

Divorced 22 (6.0%) 5 (3.1%)b 17 (8.3%)b

Widowed 3 (0.8%) 0 (0.0%)a,b 3 (1.5%)a,b

MS subtype

RRMS 319 (87.2%) 156 (96.3%)a 163 (79.9%)a <0.001∗

SPMS 34 (9.3%) 3 (1.9%)b 31 (15.2%)b

PPMS 13 (3.6%) 3 (1.9%)a,b 10 (4.9%)a,b

Disease Duration (months) 45.0 (17.0, 96.0) 31.5 (9.8, 65.3) 59.5 (24.0, 133.8) <0.001‡

Current medications for MS

Teriflunomide 69 (18.9%) 35 (21.6%) 34 (16.7%) 0.745∗

Dimethyl Fumarate 39 (10.7%) 18 (11.1%) 21 (10.3%)

Siponimod 64 (17.5%) 26 (16.0%) 38 (18.6%)

Fingolimod 7 (1.9%) 3 (1.9%) 4 (2.0%)

Ozanimab 3 (0.8%) 1 (0.6%) 2 (1.0%)

Ofatumumab 78 (21.3%) 32 (19.8%) 46 (22.5%)

Rituximab 5 (1.4%) 4 (2.5%) 1 (0.5%)

Glucocorticoid 15 (4.1%) 4 (2.5%) 11 (5.4%)

Traditional Immunosuppressants (Azathioprine, Tacrolimus,
Cyclophosphamide, Mycophenolate Mofetil, ...)

10 (2.7%) 5 (3.1%) 5 (2.5%)

Glucocorticoid+ Traditional Immunosuppressants 8 (2.2%) 3 (1.9%) 5 (2.5%)

Traditional Chinese Medicine Treatment 14 (3.8%) 8 (4.9%) 6 (2.9%)

None 54 (14.8%) 23 (14.2%) 31 (15.2%)

(Continued)
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TABLE 1 (Continued)

Variables Patients
(n = 366)

Non-fatigue
group (n = 162)

Fatigue group
(n = 204)

P

Use of fampridine

Yes 80 (21.9%) 11 (6.8%) 69 (33.8%) <0.001∗

No 286 (78.1%) 151 (93.2%) 135 (66.2%)

Use of modafinil or amantadine

Yes 21 (5.7%) 5 (3.1%) 16 (7.8%) 0.052∗

No 345 (94.3%) 157 (96.9%) 188 (92.2%)

This table reflects the demographic characteristics and clinical data of the patients surveyed in this study, as well as a comparative summary between the fatigue group and the non-fatigue group
of MS patients. Non-normally distributed quantitative data were presented as median and interquartile range [M (P25, P75)].
MS, multiple sclerosis; PwMS, patients with multiple sclerosis; RRMS, relapsing-remitting multiple sclerosis; SPMS, secondary-progressive multiple sclerosis; PPMS, primary-progressive
multiple sclerosis. P, P-value, indicating the compatibility of observed data with the null hypothesis in significance tests.
∗Chi-square test; ‡Non-parametric test Mann–Whitney U-test. a,bRepresent the results of pairwise comparisons. If the symbols are the same, it indicates no difference between groups; if the
symbols are different, it indicates a difference between groups.

FIGURE 2

National distribution map of patients participating in this online survey. The intensity of the color reflects the number of participants from each

province varies.

a significant impact on the incidence of fatigue (P < 0.001).
The median BAI and BDI-II scores were high in the fatigue
group compared to the non-fatigue group (P < 0.001). There
was a significant difference in the rate of fatigue among patients
with no anxiety symptoms, mild anxiety, and moderate to severe
anxiety (P < 0.001). Similarly, there was a significant difference
in the presence of fatigue among patients with no depressive

symptoms, mild to moderate depression, and severe depression
(P < 0.001). There was no significant difference in the rate of
fatigue between male and female patients (P = 0.154), and the
current treatment medication had no differential effect on the rate
of fatigue (P= 0.745).

The results indicate that age, education, employment, marital
status, disease type, and disease duration are all factors influencing
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TABLE 2 Prevalence of fatigue, anxiety and depression in PwMS in This Study (N = 366).

Variables Patients (n = 366) Non-fatigue group
(n = 162)

Fatigue group
(n = 204)

P

History of depression disorders

Yes 51 (13.9%) 9 (5.6%) 42 (20.6%) <0.001∗

No 315 (86.1%) 153 (94.4%) 162 (79.4%)

Use of anti-depressant medications

Yes 40 (10.9%) 8 (4.9%) 32 (15.7%) 0.001∗

No 326 (89.1%) 154 (95.1%) 172 (84.3%)

History of anxiety disorders

Yes 59 (16.1%) 10 (6.2%) 49 (24.0%) <0.001∗

No 307 (83.9%) 152 (93.8%) 155 (76.0%)

Use of anti-anxiety medications

Yes 40 (10.9%) 3 (1.9%) 37 (18.1%) <0.001∗

No 326 (89.1%) 159 (98.1%) 167 (81.9%)

Fatigue

MFIS total score ≥38 points 204 (55.7%) 0 (0.0%) 204 (100%)

MFIS total score 40.0 (26.0, 52.0) 24.0 (17.0, 31.0) 50.5 (44.0, 58.0) <0.001‡

Physical score 18.5 (11.0, 26.0) 10.5 (7.0, 14.0) 25.0 (20.0, 29.0) <0.001‡

Cognitive score 18.0 (12.0, 23.0) 11.0 (7.0, 15.0) 23.0 (18.0, 26.0) <0.001‡

Psychosocial score 3.0 (1.0, 5.0) 1.0 (0.0, 2.0) 5.0 (3.3, 7.0) <0.001‡

BDI-II Total Score 13.0 (6.0, 23.0) 6.0 (3.0, 12.0) 20.0 (12.0, 29.0) <0.001‡

Groups of depression

Normal (0–13 points) 193 (52.7%) 134 (82.7%) 59 (28.9%) <0.001∗

Mild depression (14–19 points) 50 (13.7%) 16 (9.9%) 34 (16.7%)

Moderate depression (20–28 points) 65 (17.8%) 8 (4.9%) 57 (27.9%)

Severe depression (29–63 points) 58 (15.8%) 4 (2.5%) 54 (26.5%)

BAI total score 8.0 (3.0, 16.0) 4.0 (1.0, 7.3) 14.0 (8.0, 21.0) <0.001‡

Groups of anxiety

Normal (0–7 points) 172 (47.0%) 122 (75.3%) 50 (24.5%) <0.001∗

Mild Anxiety (8–15 points) 101 (27.6%) 34 (21.0%) 67 (32.8%)

Moderate anxiety (16–25 points) 61 (16.7%) 5 (3.1%) 56 (27.5%)

Severe anxiety (26–63 points) 32 (8.7%) 1 (0.6%) 31 (15.2%)

Non-normally distributed quantitative data were presented as median and interquartile range [M (P25, P75)].
MFIS, Modified Fatigue Impact Scale; BDI-II, Beck Depression Inventory-II; BAI, Beck Anxiety Inventory.
∗Chi-square test; ‡Non-parametric test Mann–Whitney U-test.

fatigue. Gender and the current use of disease-modifying therapies
for MS have no significant impact on the presence of fatigue.

3.4 Correlation analysis between PwMS
baseline characteristics and MFIS scale
scores

As shown in Table 3, the fatigue MFIS scale scores (including
total scale score, physical score, cognitive score, and psychosocial
score) were positively correlated with age, disease duration, BAI

scores, and BDI-II scores (all with R> 0, P< 0.001), and negatively
correlated with the education (with R < 0, P < 0.001).

Fatigue was associated with the older age, the longer disease
duration, the higher BAI scores, the higher BDI-II scores, and the
lower levels of education.

4 Discussion

Based on the distribution map across China in this study,
there appears to be a trend of higher incidence rates of MS
patients in the northern regions compared to the southern regions.
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TABLE 3 Correlation analysis of baseline characteristics and MFIS scale scores of PwMS investigated in this study (N = 366).

Variables Values MFIS Total score Physical score Cognitive score Psychosocial score

Age (years) R 0.30 0.34 0.15 0.34

P <0.001 <0.001 0.004 <0.001

Groups of age (years) R 0.31 0.34 0.16 0.34

P <0.001 <0.001 0.002 <0.001

Education level R −0.26 −0.24 −0.21 −0.23

P <0.001 <0.001 <0.001 <0.001

Disease duration (months) R 0.28 0.31 0.14 0.26

P <0.001 <0.001 0.007 <0.001

BDI-II total score R 0.68 0.58 0.66 0.53

P <0.001 <0.001 <0.001 <0.001

Groups of depression R 0.63 0.54 0.59 0.48

P <0.001 <0.001 <0.001 <0.001

BAI total score R 0.64 0.59 0.56 0.51

P <0.001 <0.001 <0.001 <0.001

Groups of anxiety R 0.59 0.56 0.50 0.47

P <0.001 <0.001 <0.001 <0.001

This table represents Spearman’s correlation analysis. correlation coefficient (R): In the correlation analysis, the strength and direction of the relationships between variables were quantified
using the correlation coefficient (R). The R-value ranges from−1 to 1, where values closer to 1 or−1 indicate a stronger positive or negative relationship, respectively, and values near 0 suggest
little to no correlation.

Additionally, we observed that fewer patients from the western
regions participated in this survey compared to those from the
eastern regions. Studies indicate that MS is showing an increasing
global prevalence trend, with the highest rates in North America,
Western Europe, and Oceania (>100 cases per 100,000 people),
and the lowest rates in countries around the equator (<30 cases
per 100,000 people) (18, 19). The geographical distribution of MS
incidence in China shows a latitudinal gradient from north to
south and an altitudinal gradient from east to west, with residents
in high latitude and high altitude areas being more susceptible
to MS (20). The differences may be associated with selection
biases in the population that completed the survey questionnaires.
Other possible reasons include the fact that regions with higher
socioeconomic status have better medical conditions in terms of
diagnostic technology, infrastructure, and access to specialized
physicians, and that some areas with lower economic status may
have lower diagnosis rates for MS or later diagnosis timing (21).

Fatigue is one of the most common symptoms associated
with MS, with a prevalence ranging from 36.5% to 78.0% (22).
Study indicates that fatigue associated with MS is related to the
dysfunction and atrophy of gray and white matter, and activity-
dependent conduction block in the corticospinal tracts or non-
motor pathways may be an important mechanism for fatigue
(23). Significant disruptions in cortical activation and inhibitory
networks are also associated with the patient’s symptoms of fatigue
(24). Our study indicates that the prevalence of fatigue among
PwMS in this study was 55.7%. Other studies have also reported
similar findings. According to the study by Eizaguirre et al., the
prevalence of fatigue in MS patients was 51.6% (25). Chalah et al.
detected fatigue in 55% of MS patients (26). However, Alsharif et al.

found fatigue in 37% of MS patients (27). Rzepka et al. found a
fatigue prevalence rate of 42% among RRMS (28). In numerous
studies, the prevalence of fatigue in PwMS was even higher, such
as a fatigue rate of 73% (29) and 76.4% (30). Javalkar et al. reported
that at least 83% of PwMS experience fatigue (31). The differences
in fatigue rates were quite large, and the reasons may include:
Firstly, the races, countries, and ethnicities of the study subjects
differ among various studies. Secondly, the sample sizes of patients
included in different studies vary, with larger sample sizes generally
offering more reliable fatigue rate statistics than smaller ones.
Thirdly, the different inclusion and exclusion criteria in the studies
also have a certain impact on the fatigue rate statistics. Fourthly,
the fatigue research scales used in the studies are diverse, and the
efficacy of the scales and their criteria for classification may also be
reasons for the differences observed.

The results of this study show that age, education, occupation,
marital status, type of disease, and disease duration are all factors
that affect the fatigue rate in PwMS. Gender and the current use
of disease-modifying therapies for MS have no significant impact
on fatigue. Maier et al. found that in PwMS, the MFIS scores
were positively correlated with age, total number of relapses, total
disease duration, disability status, and BDI-II scores, and negatively
correlated with cognitive performance. And gender is a significant
factor affecting fatigue rates, with female MS patients experiencing
more fatigue than their male counterparts (32). Similarly, Broch
et al. have also shown that women have a higher prevalence of
fatigue than men (5). Some studies suggested that factors such
as hormonal levels, immune system differences, and taking on
more family responsibilities in women could impose physical and
emotional burdens, potentially leading to fatigue (4, 33). However,
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our study demonstrated no significant difference in fatigue rates
betweenmen andwomen (P= 0.154). Some studies have also found
similar results; Trojan et al. discovered no statistically significant
difference in fatigue levels between male and female PwMS (34).
Rzepka et al. stated that there is no difference in the incidence and
level of fatigue between genders in PwMS (28). The possible reasons
for this contradiction are as follows: Although there are biological
differences, social role differences, and lifestyle habit differences
among different genders, the impact of these factors also varies
from individual to individual. Some studies have found that women
show greater resilience when facing fatigue, which may reduce
its impact on them (35). It should be noted that whether there
is a difference in the impact of gender on fatigue rates remains
controversial, and further research is needed for explanation.

This study indicates that the fatigue rate among patients
with SPMS is significantly higher than among those with RRMS.
Similarly, Maier et al. found in their research that patients with
RRMS had significantly lower levels of fatigue compared to those
with SPMS (P = 0.001) (32). However, another study reported no
statistically significant difference in the severity of fatigue between
RRMS and SPMS patients (34). The reasons for the different
outcomes are primarily related to the characteristics of the disease
subtypes. Patients with SPMS experience a slowly progressive
worsening of disease severity (36), unpredictable disease course,
and a high risk of developing severe disability, which may lead
to increasingly severe physiological and psychological conditions.
Compared to those with RRMS, SPMS patients are older and have
a higher degree of disability (32). These factors could contribute to
the increased fatigue rates in SPMS patients. Our study found that
the MFIS scores were negatively correlated with education level,
indicating that lower education levels are associated with more
severe fatigue. The reasons for this outcome may include varying
levels of disease awareness and different extents of psychological,
economic, and social burdens associated with different education
levels. This also suggests that after researchers have excluded
many demographic and immutable factors affecting fatigue rates,
it is necessary to identify, adjust, and control modifiable factors
in future clinical work to improve or reduce the fatigue levels
in PwMS.

Numerous medications have been used to treat fatigue,
including amantadine, modafinil, methylphenidate, and
levocarnitine. Amantadinecan influence fatigue by increasing
the release of dopamine (37). Harirchian et al. have indicated
that both modafinil and levocarnitine have significant effects
on fatigue in PwMS (38). Our study found that among patients
with fatigue, 16 patients (7.8%) had a history of taking modafinil
or amantadine. This suggests two aspects to the researchers:
on the one hand, PwMS may not pay attention to their own
fatigue symptoms. On the other hand, clinicians should conduct a
comprehensive symptom interview and relevant scale assessments
during the diagnosis and treatment process of MS, and provide
patients with disease knowledge popularization and medication
guidance. Fatigue is also influenced by the disease’s progression,
being more severe during exacerbations in MS. It can also worsen
with excessive physical exertion and heat exposure (39, 40). In
addition to pharmacological treatments, fatigue symptoms can be
alleviated through regular exercise, sleep regulation, psychological

interventions, stress management, and heat management
strategies (40).

Mobility disorders are among the most common and
severely impacting symptoms on the quality of life for PwMS.
Approximately 50% of patients require assistance with walking
within 15 years of disease onset, and 50% will need to use a
wheelchair within 25 years after diagnosis (41, 42). Fampridine
sustained-release tablets are a type of potassium (K+) channel
blocker that can improve walking function (43). Clinical studies
have indicated that fampridine sustained-release tablets also have
significant improvement effects on other symptoms in adult PwMS,
such as fatigue, depression, quality of life, vision, and cognitive
function (44). In our study, it was shown that 80 PwMS (21.9%)
had a history of taking fampridine sustained-release tablets, among
whom 33.8% (n = 69) patients experienced fatigue symptoms,
and the difference in the use of this medication between the MS
fatigue group and the non-fatigue group in PwMS was statistically
significant (P < 0.001). The interpretation of this result is as
follows: The study is a statistical analysis of the history of extended-
release amantadine use, it only indicates that patients with fatigue
symptoms are more likely to choose this medication, and does not
imply that patients using fampridine sustained-release tablets have
worse fatigue scores.

The incidence of depression in PwMS is three times
higher than in the general population, with 30%−45% PwMS
experiencing severe depression (31). The etiology of depression
includes immune-inflammatory, immune-genetic, psychological,
and specific brain damage in MS (45). Anxiety disorders are
common symptoms in MS, with an age-standardized prevalence
rate as high as 35.6%. In contrast, the general population has a
rate of 29.6% (46, 47). The baseline characteristics survey of our
study showed that patients with a history of anxiety accounted
for 16.1%, and those with a history of depression accounted for
13.9%. Standard scale assessments revealed that 53.0% of PwMS
had anxiety symptoms, and 47.3% had depressive symptoms.
These results suggest that PwMS experience a wide range of
anxiety and depressive symptoms, and most patients may not seek
medical attention and medication in a timely manner. This study
results also indicate a strong positive correlation between fatigue
with depression and anxiety. Similarly, Thomas et al. found in
their study that scores for anxiety and depression are strongly
correlated with fatigue indices, and weakly tomoderately negatively
correlated with quality of life indices (48). Some studies have
confirmed the same viewpoint as this study, that MFIS scores for
fatigue are positively correlated with BDI-II scores (6, 32, 49).
Studies have shown that depressive symptoms and the use of
sleeping pills are both significantly correlated with fatigue (50).
The possible reasons for the aforementioned study results can
be explained as follows: Fatigue and depressive symptoms may
cluster together with other symptoms of MS, such as anxiety,
sleep problems, or pain, affecting the physical activity behaviors
of PwMS. This perspective is based on the concept of symptom
clusters and the theory of unpleasant symptoms (51–53). Some
studies have also pointed out the shared neurobiological basis for
psychological issues in PwMS, for instance, fatigue and depression
share common mechanisms, such as psychosocial factors and brain
injury (54). Additionally, there is currently a limited literature on
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themechanistic explanation for the significant relationship between
fatigue and anxiety, with most studies increasingly inclined to view
anxiety as a response to an underlying disease, while depression
is associated with the anatomically specific sites of lesions (55).
There is also literature suggesting that the sympathetic nervous
system may play a mediating role between anxiety and fatigue.
Anxiety can activate the sympathetic nervous system, leading to
increased levels of epinephrine and cortisol in the blood, resulting
in a chronic sense of fatigue associated with anxiety, which can be
referred to as “adrenal fatigue”. However, systematic research has
indicated that there is no evidence to prove that “adrenal fatigue”
is an actual existing medical symptom (6, 56). It should be noted
that further research is still needed in the future for clinical and
research workers to explain the mechanisms behind the occurrence
of various symptoms.

The three common comorbidities inMS are depression, fatigue,
and anxiety. Studies have shown that lifestyle changes, such as
maintaining a lower BMI, engaging in regular physical exercise,
and reducing the amount of time spent sitting daily, can alleviate
fatigue, anxiety, and depression. These changes play an important
role in improving symptoms and quality of life for PwMS (17).
Therefore, it is crucial to face emotional disorders head-on, actively
engage in self-management, and seek medical help to find the best
treatment plan.

This study has several limitations. First, this online
questionnaire survey was conducted among PwMS across
China, but due to the distribution process relying on online
channels, there is an inevitable selection bias in the research
subjects. Second, patients’ completion of the questionnaire and
scales is subjective, which may introduce reporting bias and
confounding factors. Additionally, individual differences in
physical activity and types of exercise among patients also affect
the accuracy of the study. Third, this study is a cross-sectional
observational study and is therefore unable to analyze the
longitudinal progression of fatigue symptoms, nor can it determine
the temporal sequence or causal relationships between variables
and fatigue symptoms. As such, the associations identified in this
study merely reflect co-occurrence rather than causation. In light
of these limitations, we emphasize the need for future research to
consider employing longitudinal cohort studies or interventional
studies to further explore the temporal relationships and causal
pathways between psychological symptoms and fatigue, thereby
providing a more robust evidence base for the development of
relevant intervention strategies.

5 Conclusion

This study investigated the fatigue rate (55.7%) among PwMS
in China. Age, education, employment, marital status, disease
type, and disease duration are factors that influence the fatigue
rate in PwMS. This suggests that controlling these factors could
potentially reduce fatigue levels or at least mitigate its adverse
effects. The study revealed a strong positive correlation between the
overall MFIS and its subdomains’ fatigue levels with age, disease
duration, depression, and anxiety, and a negative correlation
with education. By managing the factors related to MS motor

and mental comorbidities, the quality of life for patients can
be improved.
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