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ABSTRACT
Objectives: Multiple sclerosis (MS) is an immune-mediated, inflammatory, demyelinating, neurodegenerative
disease of the central nervous system affecting young adults. Cholesterol and lipids are essential components
of nerve cells and are abundant in the myelin sheath. In this study, we aimed to investigate the relationship
between plasma cholesterol levels and severity of the disease and lesion burden in cranial magnetic resonance
imaging. 
Methods: A total of 70 patients (22 males and 48 females) with the diagnosis of MS were included in the
study. Age, gender, duration of disease, Expanded Disability Status Scale (EDSS) scores, total number of
relapses since diagnosis, current treatment and lipid levels of all participants were recorded. The patients were
grouped according to EDSS scores, total number of relapses and number of lesions observed in cranial MRI
and the data were compared among the groups. 
Results: The mean age was 38.62 ± 9.94 years and the duration of the disease was 7.50 ± 5.88 years. The
mean EDSS score was 2.80 ± 1.69. Total cholesterol, triglyceride and LDL levels were found to be significantly
higher in the group with more than 3 relapses. Patients with > 9 lesions were older and EDSS scores were
higher. In correlation analysis; there was a significant positive correlation between total cholesterol and LDL
levels and EDSS scores and disease duration. 
Conclusions: We found that the number of relapses, disease duration, and EDSS scores were significantly
correlated with cholesterol levels. The changes in plasma cholesterol levels which are easily accessible
laboratory tests may provide insight into MS disease activity and progression. 
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ultiple sclerosis (MS) is an immune-mediated,
inflammatory, demyelinating and neurodegen-

erative disease of the central nervous system affecting
young adults. Myelin damage, loss of myelin and
oligodendrocytes, and reactive astrogliosis are consid-
ered as the underlying processes in the complex patho-
genesis. Clinical findings depend on the damaged area
in the brain and severity of injury. Serious disability

associated with these complex pathological features
and unpredictable course of disease leads to difficul-
ties with the follow-up of the patients.Therefore, easily
accessible biomarkers associated with disease activity
and outcomes are needed to improve our understand-
ing of specific disease processes in MS [1]. 
      Cholesterol and lipids are essential components of
nerve cells. In particular, myelin synthesis and stabi-
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lization are a cholesterol-dependent process. Several
studies have reported that high plasma cholesterol lev-
els were associated with clinical deterioration in de-
mentia and MS. Thereafter, some studies have begun
to investigate the travel of cholesterol between the
plasma and central nervous system [2, 3]. Changes in
the cholesterol levels, which are abundant in the
myelin sheath, may have some consequences in the
course of the disease. There is no clear information
confirming this relationship. 
      In this study, we aimed to investigate the correla-
tion between cholesterol levels and disease severity,
recurrence of relapses and lesion burden in cranial
magnetic resonance imaging (MRI) in MS patients. 

METHODS

      A total of 70 patients (22 males and 48 females)
who were followed-up with the diagnosis of MS
according to the 2010 Mc-Donalds diagnostic criteria
and admitted to our MS outpatient clinic between
August 2017 and August 2019 were included in the
study. Patients were between 18-65 years old and had
no history of relapses and steroid treatment in the last
3 months. Patients who were diagnosed with diabetes
mellitus, lipid metabolism disorder, thyroid disease,
liver and renal disease and with any treatment for these
diagnoses were excluded. Ethical approval (protocol
number: 2011-KAEK-25 2019 / 10-11) was granted
from the local ethical committee and the study was
conducted according to declaration of Helsinki. 
      Age, gender, duration of disease, Expanded
Disability Status Scale (EDSS) scores, total number
of relapses since diagnosis, current treatment and lipid
levels of all participants were recorded. The patients
were grouped according to EDSS scores, total number
of relapses and number of lesions observed in cranial
MRI and data were compared among the groups. 

Statistical Analysis 
      SPSS 22 software was used for statistical analysis.
Independent sample t-test was used for descriptive
statistical methods (mean, standard deviation) and
comparison of the two groups. Chi-square test was
used for the comparison of parametric data. The results
were evaluated at p < 0.05 level of significance.

RESULTS

      The mean age, disease duration and EDSS scores
of the participants were 38.62 ± 9.94 years, 7.50 ± 5.88
years and 2.80 ± 1.69, respectively. Twenty-seven
patients had more than 3 relapses and 47 patients had
> 9 lesions in cranial MRI. The general characteristics
of the participants are shown in Table 1. 
      The demographic data, total cholesterol, LDL, and
triglyceride levels of the patients were compared
between 2 groups (group 1: ≤ 3 relapses, group 2: > 3
relapses).There was no significant difference between
the groups in terms of age and gender, while the
duration of disease was higher in patients with relapses
> 3 (Table 2). While the total cholesterol, triglyceride
and LDL levels were found to be significantly higher
in group 2 (p < 0.01, p = 0.045, and p = 0.001,
respectively), no significant differences were detected
with HDL cholesterol levels between the groups (p =
0.573).The duration of the disease was significantly
longer in group 2 (p = 0.007). No significant
differences were found among the EDSS scores and
cranial MRI lesion counts. 
      The patients were divided into two groups as ≤ 9
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lesions and > 9 lesions according to the number of
lesions observed on cranial MRI and the data were
compared. There was no significant difference
between the groups in terms of gender, duration of
disease and lipid parameters, whereas patients were
older (40.35 ± 10.15 years vs. 35.08 ± 8.65 years) and
EDSS scores were higher in > 9 lesion group (Table
3). 
      Finally, in the correlation analysis, there was a
significant positive correlation between total
cholesterol and LDL levels and EDSS scores and
disease duration (Table 4).

DISCUSSION

      In this study, we found a significant correlation
between the total number of relapses and cholesterol
levels. There was a positive correlation between
disease duration and EDSS scores and total cholesterol
and LDL levels. Relapses in MS are the result of
ongoing inflammatory process and disease activation.
As a result of demyelination and neurodegeneration in
axons during relapses, a number of degradation
products are formed in the peripheral blood. The focus
of most of ongoing studies is to detect these
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degradation products. Forty percent of the myelin
sheath consists of water, while the remainder consists
of lipids (75%) and proteins (25%). In experimental
models of encephalomyelitis, increased concentrations
of cholesterol esters, sulfatide and cerebrosides have
been shown in CNS during myelin destruction [4].
Consistent with the literature, our findings support
increased cholesterol in peripheral blood as a result of
increased myelin destruction due to increased number
of relapses under longer disease duration. 
      Eighty percent of plasma 24S-OH-cholesterol
which is thought to be an indicator of brain cholesterol
degradation originates from the brain. Studies have
shown a significant positive correlation between
serum cholesterol and 24S-OH-cholesterol [5-7]. It
has been shown that after 24S-OH-cholesterol was
formed, it was crossed the blood-brain barrier and was
transported in plasma by low-density lipoprotein
(LDL) [8]. Increased plasma cholesterol levels may
reflect neurodegeneration and demyelination
processes in MS patients. 
      Researchers have found links between cholesterol
metabolism, inflammatory pathways and the immune
system. The best example of this is the removal of
cholesterol crystals by macrophages in atherosclerosis
[9]. Proinflammatory properties of lipids are thought
to be effective in the pathogenesis of MS.
Dyslipidemia can induce inflammation that causes

dysfunction of the endothelium by initiating
upregulation of adhesion molecules and aggregation
of monocytes. The passage of immune cells through
the blood brain barrier via the vascular endothelium
constitutes one of the most important phases of MS
pathogenesis [10, 11]. LDL particles in the serum of
MS patients have been shown to be more susceptible
to oxidation. These particles are also thought to be
proinflammatory because they have less affinity for
LDL receptors [12]. MS patients have been found to
have high oxidized LDL in plasma and CSF samples,
and have high levels of autoantibodies against them in
their sera [13-15]. HDL has an anti-inflammatory
effect by inhibiting the expression of adhesion
molecules in endothelial cells and by reducing the
flow of monocytes. High HDL values have been found
to be associated with lower injury and cell
extravasation in the blood brain barrier [16, 17]. 
      Although cholesterol metabolism in the brain is
independent, inflammation and oxidative stress in the
body can affect brain function and contribute to
increased activity in MS. Therefore, it is not known
exactly whether high lipid levels in the blood cause
deterioration, or whether increased lipid levels are due
to increased myelin destruction associated with
increased disease activity [2]. 
      In a study evaluating MS patients with a single
relapse, a significant correlation was found between
the mean number of contrast-enhancing lesions and
total cholesterol and LDL cholesterol levels [18]. In
another study, high LDL cholesterol levels were
shown to correlate with the number of new T2 lesions
and the total number of new / enlarging T2 lesions.
Weinstein-Guttman et al. [19] demonstrated the
adverse effect of lipid profile on MRI lesion activity
of high-risk patient who experience their first relapse.
While age and EDSS scores were significantly
correlated with the number of lesions, cholesterol
levels didn't show any differences in our study. 
      In the literature, it has been shown that EDSS
score was correlated with total cholesterol levels, and
the increase in total cholesterol and triglyceride levels
were correlated with increased disability scores [3]. In
another study with a larger sample size, it was shown
that total cholesterol and triglyceride levels were lower
in patients with slow progression than in those with
rapid progression. Based on this, it is thought that
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serum lipid profile may have an effect on disease
progression. In the same study, a positive correlation
was found between total cholesterol levels and EDSS
score in MS patients [2]. Similarly, we found a
positive correlation between EDSS score and total
cholesterol and LDL levels, but no significant
correlation with triglyceride and HDL levels. 

Limitations 
      The limited number of cases, lack of control
group, unregistered body mass indices, cross-sectional
examination of MRI, and the absence of distinction of
emerging and contrast-enhancing lesions may be
considered as limitations of our study. 

CONCLUSION

      In conclusion, we found that the number of
relapses, duration of disease and EDSS scores were
significantly correlated significantly with cholesterol
levels. Increased plasma cholesterol levels may be
detected as a result of increased metabolism as a result
of myelin destruction in the CNS that occurs during
the relapse and long disease course. In the follow-up
of MS patients, changes in plasma cholesterol levels
which are an easily accessible laboratory test may
provide insight into disease activity and progression.
Further studies in larger samples of MS patients are
needed to understand this relationship. 
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