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ABSTRACT
Objective: Fatigue is a common finding in patients with multiple sclerosis (MS) and its
etiopathogenesis has not been fully elucidated. The aim of this study was to evaluate the
relationship between fatigue and biochemical data and corpus callosum index (CCI) in brain
magnetic resonance imaging (MRI).
Methods: In this cross-sectional study, 100 individuals (58 MS patients and 42 control subjects) were included. The disability of the patients was determined with the extended disability status scale (EDSS), and their fatigue was evaluated with the Fatigue Severity Scale (FSS).
Biochemical data were analyzed. CCI values were calculated on brain MRI scans.
Results: There was no difference between the groups in terms of age, gender, and BMI
(p>0.05). In MS patients, folate level and CCI values were found to be statistically significantly
lower compared to the control group (p=0.029 and p<0.001, respectively). It was seen that
the triglyceride value was significantly higher in the MS group, and there was no significant
difference between the groups in terms of other biochemical data. It was found that there
was a positive correlation between fatigue and EDSS, and a negative correlation between
the CCI and folate value in the MS group. When MS patients with and without fatigue and
the control group were compared,only folate levels were found to differ between the groups
(p=0.011).
Conclusion: Our results suggest that fatigue in MS patients is associated with corpus callosum atrophy, a higher level of disability, and lower folate levels. Folate replacement therapy
may reduce fatigue, even if folate levels are above the lower limit. Confirming these findings
with larger patient series will contribute to a better understanding of fatigue in MS disease
and the relationship between fatigue and folate.

INTRODUCTION
Multiple sclerosis (MS) is an autoimmune disease of the
central nervous system that occurs with a wide range of
clinical findings as a result of neuroinflammation. Fatigue
is commom in MS patients and affects the quality of life
significantly.[1] The pathophysiology of MS-related fatigue is
complex and multifactorial.[2] Although the role of the central nervous system (cerebral lesion load, cortical atrophy
and activation of neural circuits), immunological factors,
neuroendocrine involvement and the effect of peripheral
abnormalities have been implicated in the pathophysiology,[3–7] it has not been fully clarified yet.The corpus callosum, the largest commissural fiber bundle of the brain
connecting the two cerebral hemispheres, is one of the
sites where MS lesions show a predilection for involvement. Atrophy is observed in the corpus callosum in MS

patients with the impact of both focal lesions and distant
lesions that result in Wallerian degeneration.[8] In the normal population, the corpus callosum is relatively resistant
to age-related changes.[9] The Corpus callosum index measurement is a practical method to assess corpus callosum
atrophy. Corpus callosum atrophy has been evaluated as a
biomarker for neurodegeneration in MS disease, however,
it has been reported to be an independent risk factor for
disease-related fatigue.[10,11] On the other hand, identifying
serum biochemical data that can be analyzed in relation
to fatigue can provide insight into the causes of fatigue
in MS patients. In this study, it was aimed to evaluate the
relationship between fatigue, routine biochemical parameters and corpus callosum atrophy detected with corpus
callosum index measurement on cerebral MRI.
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MATERIALS AND METHODS
Study group
Fifty-eight consecutive patients between the ages of 18-65
who were admitted to the Neurology outpatient clinic of
the Yozgat Bozok University Faulty of Medicine , and were
followed-up by our center with the diagnosis of multiple
sclerosis according to the 2010 McDonald criteria[12] and
forty-two healthy controls were included in this study.
The clinical and demographic characteristics of the patients were recorded. The disability level of the patients
was evaluated by the same neurologist using the Expanded
Disability Status Scale (EDSS).[13] Body mass index (BMI)
was calculated (kg/m2). The biochemical data of the patient and control groups were obtained from the hospital
registry system. Patients who did not have an attack in
the last month and did not receive vitamin D replacement
were included in the study.
Patients with anemia, chronic infections, autoimmune
diseases, cancer, diabetes, liver disease, chronic lung diseases, alcohol or any substance addictions and endocrinological disorders such as hypothyroidism that could
cause unexplained fatigue were excluded from the study.
Furthermore, patients with self-reported depression and
those diagnosed with depression by clinical evaluation
were excluded from the study. The study was conducted
in accordance with the Helsinki declaration and the Yozgat
Bozok University Faculty of Medicine Ethics Committee
approved the study protocol (protocol number: 2017KAEK-189_2020.05.19_07). Written informed consent
was obtained from all participants.

Evaluation of fatigue
Fatigue levels of the patients were assessed using the Turkish version of the Fatigue Severity Scale (FSS).[14] This scale
evaluates the overall effect of fatigue on daily activities
with 9 questions. Each question is rated from 1 (strongly
disagree) to 7 (strongly agree). The FSS score is calculated
as the average of nine parts. We applied 4 cut-off points
on the FSS scale to determine basic fatigue levels. A high
score indicates that the severity of fatigue increases.[15]
The reason we used the FSS scale in this study is that it
provided significant findings in previous randomized clinical trials.[16] The assessment scale was performed by the
same clinician with the face-to-face interview method.

Calculation of corpus callosum index on brain
MR imaging
Brain MRI examinations were performed using a 1.5-channel MRI device (Philips, Philips Medical Systems, Ingenia
1.5, The Netherlands) with a 32-channel cranial coil.
T1-weighted sagittal cranial MRI sections were obtained
from the patients included in the study. The imaging parameters for the T1 series were 3810 ms/114 ms/1; 259x118
matrix, 800-cm field of view (FOV), 130 kHz bandwidth,
13 echo train length and 5 mm section thickness. MRI sec-
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tions were evaluated in sagittal plans in the T1-weighted
series. Corpus callosum index value measurements were
performed as previously described by Yaldizli et al.[17] All
measurements were performed by the same radiologist.

Statistical analysis
The data were analyzed with SPSS (Version 18.0) package
program. While the mean ± standard deviation was used
for HDL that fits the normal distribution pattern in our
data, median 25th-75th percentile was used for our other
data that did not fit the normal distribution pattern and categorical variables as numbers (percent). In the independent
group comparisons, when parametric test assumptions are
provided, Student’s T-Test was used; when parametric test
assumptions were not provided, Mann-Whitney U test was
used. In the analysis of clinical and biochemical data with
CCI, the Pearson correlation test for HDL cholesterol and
Spearman’s correlation test was used in other data since it
did not meet the normality assumptions. In the triple group
comparisons, the Kruskal-Wallis test was used because the
data set displayed a nonparametric distribution. Bonferroni
correction for post-hoc evaluation and group comparison
analyzes were performed. Categorical data were analyzed
using the chi-square test. Statistical significance level was
considered as p≤0.05.

RESULTS
The median age of MS patients was 39.5 (31–45); female/
male ratio was 33/25; the median body mass index (BMI)
value was 24.75 (22.43–27.77) and there was no difference
between the groups in terms of age, gender and BMI. The
median duration of disease in MS patients was 8 years
(4.75–12); the median EDSS score was 1.75 (1–2.62); the
median treatment duration was 3 years (1–5). The median
fatigue severity scale score was 5.26 (3.64–6.30) in the patient group. The demographic characteristics and laboratory
data of the patient and the control groups are summarized
in Table 1. When both groups were compared in terms of
hematological and biochemical values, the folate level in the
MS group was lower (p=0.029) and the triglyceride level
was higher (p=0.010). There was no difference in terms
of any other biochemical parameters (p>0.05). The corpus
callosum index (CCI) value was 4.95±1.02 in the patient
group and 7.87±0.83 in the control group, this difference
was statistically significant (p<0.001).
Seventeen (29.3%) of patients were receiving interferon,
10 (17.2%) were on glatiramer acetate, 11 (19%) were on
fingolimod, 7 (12.1%) were on teriflunamide, 4 (6.9%) were
on dimethyl fumarate, 3 (5.2%) were on ocrelizumab therapy and 2 (3.4%) were receiving natalizumab treatment. Four
of the patients (6.9%) were not receiving any treatment.
When the correlation between fatigue and demographic
characteristics, corpus callosum index value and laboratory data (hemoglobin, sedimentation, glucose, sodium,
potassium, calcium, magnesium, TSH and vitamin B12) in
MS patients were evaluated; a negative correlation was
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Table 1.
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The demographic characteristics and biochemical data of patients with MS and controls
Multiple sclerosis patients (n=58)

Control group (n=42)

Age (years)
39.5 (31–45)
35 (30.75–40.25)
Sex (female/male)
33/25
31/11
24.75 (22.43–27.77)
23.82 (22.05–24.27)
BMI (kg/m2)
Disease duration (years)
8 (4.75–12)
–
EDSS
1.75 (1–2.62)
–
Treatment duration (years)
3 (1–5)
–
Fatigue Severity Scale
5.26 (3.64–6.30)
–
Biochemical data			
Glucose (mg/dL)
90.65 (83.80–95.81)
85.82 (78.72–92.62)
Creatinine (mg/dL)
0.73 (0.65–0.79)
0.71 (0.66–0.76)
AST (U/L)
17.17 (13.67–19.82)
16 (13.15–17.42)
HDL (mg/dL)
50.1±11.27
52.2±12.07
LDL (mg/dL)
97.50 (76.37–122.81)
96.94 (78.62–107.80)
Cholesterol (mg/dL)
172.95 (145.65–202.45)
167.82 (149.67–181.85)
Triglycerides (mg/dL)
122.10 (73.75–166.02)
85.5 (61.42–101.07)
Sodium (mEg/L)
140 (139–141)
140 (139–141)
Potassium (mEg/L)
4.40 (4.2–4.61)
4.35 (4.09–4.55)
Calcium (mg/dL)
9.30 (9.1–9.54)
9.46 (9.30–9.60)
Magnesium (mg/dL)
1.98 (1.91–2.06)
1.98 (1.90–1.98)
Vitamin D (ng/ml)
17.98 (10.57–22.54)
17 (12.77–17)
Vitamin B12 (pq/mL)
332 (250.5–386)
323 (250–341.2)
Folate (ng/ml)
6.55 (5.39–7.94)
8.03 (6.3–9.22)
TSH (µIU/mL)
1.46 (0.96–1.99)
1.68 (0.96–2.23)
Radiological finding			
CCI
5.10 (4.05–5.80)
8 (7.20–8.45)

p
0.071
0.084
0.088
–
–
–
–
0.055
0.588
0.080
0.374
0.683
0.379
0.010
0.372
0.377
0.074
0.325
0.444
0.333
0.029
0.820
<0.001

MS: Multiple sclerosis; BMI: Body mass index; EDSS: Expanded disability status scale; AST: Aspartate aminotransferase; HDL: High density lipoprotein; LDL:
Low density lipoprotein; TSH: Thyroid stimulating hormone; CCI: Corpus callosum index. Data are expressed as mean±standard deviation or median (25th, 75th
percentile). Bold indicates statistically significant values (p< 0.05).

When MS patients with and without fatigue symptoms and
the control group were evaluated as 3 groups, there was
a difference between the three groups in terms of folate
(p=0.011), when we look at the statistical analysis in terms
of folate in the subgroups, p=0.028 in the groups of MS
with and without fatigue, p=0.708 between the MS group
without fatigue and the control group, and p=0.006 between the groups with fatigue and the control group. No
difference was found in terms of other data (Table 3). The
corpus callosum index measurements of the three groups
are shown in Figure 1.
As shown in Table 4, when the fatigue level of MS patients
and the distribution of drug treatments were evaluated,
no relation was found between medications and fatigue (p
(Fisher’s exact test)=0.145). In the group with significant
fatigue (FSS>4), it was observed that the patients received
mostly interferon therapy (25.6%), and the second most
frequently used treatment was fingolimod (17.9%).

DISCUSSION
The results of this study suggested that fatigue in MS patients was associated with a higher level of disability, corpus callosum atrophy, and a lower folate level. In addition,

Measurament of corpus callosum index

found with CCI; there was a positive correlation with
EDSS (p=0.033, r=-0.280 and p=0.001, r=0.421, respectively). When the relationship between fatigue and other
data was evaluated, no significant correlation was found
(p>0.05). Details are given in Table 2.

10
8
6
4
2
0
Non-fatigue
MS patients

Severi fatigue
MS patients

Control Group

Figure 1. Box plot presentation of corpus callosum measurement in MS patients with and without fatigue symptoms and
control group.
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triglyceride level was found higher in MS patients.

The correlation of fatigue with disease
characteristics, laboratory data and cospus
callosum index value in patients with MS

Age (years)
Sex (female/male)
BMI (kg/m2)
Disease duration (years)
EDSS
Treatment duration (years)
Glucose (mg/dL)
HDL (mg/dL)*
LDL (mg/dL)
Cholesterol (mg/dL)
Triglycerides (mg/dL)
Sodium (mEg/L)
Potassium (mEg/L)
Calcium (mg/dL)
Magnesium (mg/dL)
Vitamin D (ng/ml)
Vitamin B12 (pq/mL)
Folate (ng/ml)
TSH (µIU/mL)
Corpus callosum index

p

r/rho

0.818
0.223
0.271
0.661
0.003
0.948
0.439
0.508
0.085
0.089
0.424
0.991
0.562
0.721
0.519
0.622
0.337
0.010
0.712
0.041

0.031
-0.162
0.147
0.059
0.389
-0.009
-0.104
-0.089
0.228
0.225
0.107
0.001
0.078
-0.048
0.086
0.066
0.160
-0.334
0.049
-0.269

*Data are presented as r value. Bold indicates statistically significant values
(p<0.05). MS: Multiple sclerosis; BMI: Body mass index; EDSS: Expanded
disability status scale; HDL: High density lipoprotein; LDL: Low density lipoprotein; TSH: Thyroid stimulating hormone.

Table 3.

The relationship between fatigue, a subjective symptom
in MS patients affecting the quality of life and the disability
level of MS patients has been evaluated in many studies,
and the results differ. While some studies have stated that
fatigue is associated with disability,[18–20] this has not been
confirmed in other studies.[21,22] In our study, we found a
strong relationship between fatigue and disability. On the
other hand, in a study with a large patient series, it was
emphasized that the initial severe fatigue may be predictive
for worsening of disability.[23]
In a recent study using multimodal MRI, it has been reported that fatigue in MS patients is associated with apparently normal diffuse white matter damage, not lesion
load or gray matter atrophy. It has been suggested that
functional disconnection caused by diffuse microstructural
damage in white matter may be the main neural basis of
fatigue in MS.[24] In our study, we detected corpus callosum
atrophy evaluated by CCI measurement in MS patients.
CCI measurement is a practical method that gives an idea
about the whole brain volume of MS patients and shows a
strong correlation with the total lesion load.[25] Similar to
our finding, Yaldizli et al.[10] found that fatigue and corpus
callosum atrophy are correlated. Furthermore, apart from
fatigue, corpus callosum atrophy was also associated with
cognitive dysfunction.[26]
One of the most important findings of our study is that
the folate level is lower in MS patients, the fatigue increases as the folate level decreases, and the folate level is the
lowest in MS patients with fatigue. Similar to our results,

Demographic and laboratory values of MS patients with and without fatigue and controls

Age (years)
BMI (kg/m2)
Glucose (mg/dL)
HDL (mg/dL)
LDL (mg/dL)
Cholesterol (mg/dL)
Triglycerides(mg/dL)
Sodium (mEg/L)
Potassium (mEg/L)
Calcium (mEg/L)
Magnesium (mEg/L)
Vitamin D (ng/ml)
Vitamin B12(pq/mL)
Folate (ng/ml)
TSH (µIU/mL)
CCI

MS patients without fatigue
(n=19)

MS patients with fatigue
(n=39)

Control group
(n=42)

p

40 (30–44)
24.8 (21.8–27.6)
92.9 (84.2–99)
50.39±10.77
88.7 (69.2–124.0)
155.1 (137.8–199.6)
130 (59–134.3)
140(139–141)
4.30 (4–4.4)
9.2 (9.1–9.5)
1.98 (1.89–2.19)
14 (9.6–22.2)
334.4 (252–346)
6.7 (6.3–8.6)
1.78 (0.79–2.28)
5.2 (3.9–6.3)

39 (31–46)
24.6 (22.4–28.1)
90.3 (83.2–95.7)
49.96±11.65
98.5 (83.1–119)
175.1 (155.3–203.8)
117.2 (74.4–171)
140 (139–142)
4.40 (4.2–4.7)
9.3 (9.1–9.5)
1.97 (1.92–2.06)
18.2 (13.2–23.1)
331.2 (243–417)
5.9 (5.2–6.7)
1.40 (1.02–1.97)
4.9 (4.1–5.5)

35 (30–40)
23.8 (22–24.2)
85.8 (78.7–92.6)
52.20±12.07
96.9 (78.6–107.8)
167.8 (149.6–181.8)
85.5 (61.4–101)
140 (139–141)
4.35 (4–4.5)
9.4 (9.3–9.6)
1.98 (1.9–1.98)
17 (12.7–17)
323.1 (250–341.2)
7.6 (6.3–8.9)
1.68 (0.96–2.23)
8 (7.2–8.45)

0.881
0.934
0.380
0.892
0.332
0.123
0.584
0.519
0.208
0.590
0.849
0.312
0.545
0.011a
0.842
0.158

Data are expressed as mean±standard deviation or median (25th, 75th percentile). Kruskal Wallis analysis is used. Bold indicates statistically significant values
(p< 0.05). aThere was a significant difference between the groups without fatigue and the control group in the post–hoc comparison (p=0.006). MS: Multiple
sclerosis; BMI: Body mass index; EDSS: Expanded disability status scale; HDL: High density lipoprotein; LDL: Low density lipoprotein; TSH: Thyroid stimulating
hormone; CCI: Corpus callosum index.

392

Table 4.
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Distribution of drug treatments according to fatigue severity scale cut of value

Drugs

MS Patients (n=58)

		
None
Interferons
Glatiramer Asetat
Dimetil Fumarat
Teriflunomid
Fingolimod
Ocrelizumab
Natalizumab

Fatigue Severity Scale		
Non-fatigue patients (n=19)

Severe-fatigue patients (n=39)

2 (50)
10.5
7 (41.2)
36.8
4 (40)
21.1
1 (25)
5.3
1 (14.3)
5.3
4 (36.4)
21.1
0 (0)
0
0 (0)
0

2 (50)
5.1
10 (58.8)
25.6
6 (60)
15.4
3 (75)
7.7
6 (85.7)
15.4
7 (63.6)
17.9
3 (100)
7.7
2 (100)
5.1

Count, n (%)
Within groups (%)
Count, n (%)
Within groups (%)
Count, n (%)
Within groups (%)
Count, n (%)
Within groups (%)
Count, n (%)
Within groups (%)
Count, n (%)
Within groups (%)
Count, n (%)
Within groups (%)
Count, n (%)
Within groups (%)

Total

4
6.9
17
29.8
10
17.2
4
6.9
7
12.1
11
19
3
5.2
2
3.4

P (Fisher’s exact test) = 0.145. MS: Multiple sclerosis.

in a study, it was found that the folate level was lower in
MS patients; however in their meta-analysis, Zhu et al.[28]
did not find any difference in folate levels between MS
patients and control groups.[27] In a recent meta-analysis,
it was reported that there was no difference in folate levels in the patient and the control groups.[29] This may be
related to our patients’ nutritional habits. Further studies
with larger patient series evaluating homocysteine levels as well can provide additional information.Another
finding of this study is that only triglyceride levels are
higher among lipid markers in MS patients. Triglyceride
metabolism pathways have been shown to interact with
the immune system.[30,31] Triglyceride increases the expression of antigen markers on the surface of leukocytes,
thereby triggering inflammation.[32] Andersen ve Vance[33]
suggested that high triglyceride levels mean increased
leukocyte profiles and that lipid-lowering intervention
may exert beneficial anti-inflammatory and immunomodulatory effects. In a study evaluating 492 MS patients, it
was suggested that high triglycerides in MS patients had
a negative effect on the course of the disease.[34] In their
study, Pinhas-Hamiel et al.[35] found that 28.8% of patients
have high triglyceride levels, although the BMI value of
adult MS patients is lower than the normal population.
We did not detect any relationship between fatigue and
lipid parameters. Yadav and colleagues have shown that a
very low-fat, plant-based diet reduced fatigue in patients
with RRMS.[36] The results of a diet-based longitudinal
study suggested that lipid biomarkers, especially total
cholesterol and HDL, contribute to the development of
fatigue.[37]
In a study, similar to our findings, no relationship was
found between vitamin D levels and fatigue in MS pa-

tients.[38] Fatigue in the clinical isolated syndrome stage
was evaluated as an independent predictive factor for
the diagnosis of MS.[39] Interestingly, we did not find any
difference in vitamin D between the groups. This may
be due to the current awareness of both physicians and
patients about vitamin D and the treatment of deficiencies with replacement. On the other hand, it has been
shown that increasing the levels of vitamin D in the general population does not have a clinically significant effect on fatigue symptoms.[40] In a recent review, it was
reported that Magnesium (Mg) deficiency has an impact
on immune system functions.[41] In a post-mortem study
of definitive MS patients, Yasui et al.[42] took samples from
various parts of the central nervous system and found
that patients with MS have a lower Mg level and the tissue
with the lowest Mg level is demyelinated plaques in white
matter. It has been suggested that there is an increase in
axonal calcium levels in neuroinflammatory lesions,[43,44]
and accumulation of cytoplasmic calcium predicts axonal
degeneration.[45] Although magnesium and calcium have
a role in inflammation at the cellular level, no difference
was found between the groups in terms of electrolytes
measured by routine biochemical tests such as calcium,
magnesium, sodium and potassium. The most important
limitation of the study is the low sample size. A second
limitation is that MS patients with relapsing-remitting and
progressive forms were included in the study. Further
studies comparing larger patient series with equalized
groups of progressive and relapsing-remitting forms or
medication groups for which these patients could provide
more detailed information. It should also be noted that
we did not evaluate sleep disorders, which are common
in MS or overlap with fatigue in our patients.
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CONCLUSION
Our results suggest that fatigue in MS patients is associated with corpus callosum atrophy, a higher level of disability, and a lower folate levels. Even if the folate level is above
the specified lower limit in MS patients, folate replacement
may reduce fatigue because it is a water-soluble vitamin.
Confirming these findings with larger patient series will
contribute to a better understanding of fatigue in MS disease and the relationship between fatigue and folate.
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Multipl Skleroz Hastalarında Yorgunluğun Biyokimyasal Veriler ve Korpus Kallosum
Atrofisi İle Değerlendirilmesi
Amaç: Multipl skleroz (MS) hastalarında yorgunluk etyopatogenezi tam aydınlatılamamış sık görülen bir bulgudur. Bu çalışmada yorgunluğun
biyokimyasal veriler ve beyin manyetik rezonans (MR) görüntülemede korpus kallosum indeksi (CCI) ile ilişkisinin değerlendirilmesi amaçlanmıştır.
Gereç ve Yöntem: Kesitsel özellikte olan bu çalışmaya 58 MS hastası, 42 kontrol olmak üzere 100 kişi dahil edildi. Hastaların özürlülüğü
genişletilmiş özürlülük durum ölçeği (EDSS) ile belirlendi ve yorgunlukları Fatigue Severity Scale (FSS) ile değerlendirildi. Biyokimyasal veriler
analiz edildi. Beyin MR’da CCI değerleri hesaplandı.
Bulgular: Gruplar arasında yaş, cinsiyet, vücut kitle indeksi açısından farklılık tespit edilmedi (p>0.05). MS hastalarında kontrol grubuna
göre folat düzeyi ve CCI değeri istatistiksel olarak anlamlı derecede düşük saptandı (sırasıyla p=0.029 ve p<0.001). MS grubunda trigliserit
değerinin anlamlı derecede yüksek olduğu gözlendi, gruplar arasında diğer biyokimyasal veriler açısından anlamlı farklılık yoktu. MS grubunda
yorgunluk ile EDSS arasında pozitif korelasyon, korpus kallosum indeks ve folat değeri arasında ise negatif korelasyon olduğu belirlendi. Yorgunluk ile diğer veriler arasında anlamlı korelasyon saptanmadı. Yorgunluğu olan ve olmayan MS hastaları ve kontrol grubu karşılaştırıldığında
ise gruplar arasında sadece folat açısından farklılık olduğu tespit edildi (p=0.011).
Sonuç: Sonuçlarımız MS hastalarında yorgunluğun; daha belirgin korpus kallosum atrofisi, daha ileri özürlülük seviyesi ve daha düşük folat
düzeyi ile ilişkili olduğunu göstermektedir. MS hastalarında belirlenmiş alt sınırın üstünde bile olsa folat replasmanı yorgunluğu azaltabilir. Bu
bulguların daha geniş hasta serileri ile doğrulanması MS hastalığındaki yorgunluğun ve yorgunluk ile folat ilişkisinin daha iyi anlaşılmasına katkı
sağlayacaktır.
Anahtar Sözcükler: Folat; korpus kallosum atrofi; korpus kallosum indeks; multipl skleroz; trigliserit; yorgunluk.

