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Abstract

Introduction: Multiple sclerosis (MS) is a chronic inflammatory disease of the
central nervous system characterized by demyelination and axonal degenera-
tion. Evidence has shown that lipid metabolism is associated with MS clinical
outcomes. The aim was to systematically investigate the association between
high-density lipoprotein cholesterol (HDL-C) and disease activity in MS.
Material and methods: Medline via PubMed, the Cochrane Library and Clin-
icaltrials.gov databases were searched for studies with data on HDL-C in
patients with MS. A qualitative synthesis of published prospective and ret-
rospective studies on the role of HDL-C and other lipid profile parameters in
MS was performed. Additionally, a meta-analysis on HDL-C mean differences
(MD) between relapsing remitting MS (RRMS) cases and healthy controls
(HC) was performed.

Results: Literature search identified 13 eligible studies evaluating the HDL-C
levels of RRMS patients. In total, 1692 participants were included, 859 of
which were RRMS patients, and 833 were HC. The pooled analysis demon-
strated that RRMS patients had significantly lower HDL-C levels compared
with HC (MD: -3.35 mg/dl, 95% CI (-5.69, -1.01), p = 0.005). Regarding
triglycerides (TG) and total cholesterol (TC), the pooled analysis from 11 and
13 studies, respectively, showed significantly higher TG (MD = 26.33, 95% ClI
(15.03, 37.62), p < 0.00001) and TC levels (MD = 11.03, 95% CI (0.45, 21.60),
p = 0.04) in RRMS versus HC. No significant differences were observed in
low-density lipoprotein cholesterol levels between RRMS and HC.
Conclusions: HDL-C levels were significantly decreased in RRMS patients
compared with HC. HDL-C and other lipid profile parameters should be con-
sidered in the assessment of patients with RRMS.

Key words: multiple sclerosis, high-density lipoprotein cholesterol, high-
density lipoprotein cholesterol, lipid profile.

Introduction

Multiple sclerosis (MS) is a chronic inflammatory disease of the cen-
tral nervous system (CNS) characterized by demyelination and axonal
degeneration resulting in significant neurological disability. According to
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the Atlas of MS, the global prevalence of the dis-
ease has risen, with 2.9 million people living with
MS in 2023 [1, 2].

Symptoms among individuals with MS vary
considerably. Most commonly, MS appears in its
relapsing-remitting (RRMS) form, and it is usual-
ly followed by a state of continuous progression,
i.e., secondary progressive MS (SPMS) [3]. Less fre-
quently, patients present with the primary progres-
sive (PPMS) type, whereby slow, progressive and
persistent neurological impairment occurs [3]. The
progressive phase is associated with great disabil-
ity and limited response to treatment. Therefore,
current available treatment aims at accelerating
recovery after attacks, modifying disease progres-
sion, as well as managing symptoms [3].

Dyslipidemia and high-density lipoprotein
cholesterol (HDL-C) level changes have been sug-
gested to play a role in MS, although reports are
inconclusive [4]; patients with MS exhibit altered
lipoprotein levels (increased small HDL-C levels
and oxidized low density lipoprotein (ox-LDL),
larger triglyceride-rich very low-density lipopro-
tein) and function, which may increase cardiovas-
cular disease risk, exert pro-inflammatory effects
and, consequently, affect disease progression [5].
On the contrary, lipid-reducing treatments have
been shown to impact the course of the disease
[6, 7]. Pathophysiologically, it is not clear whether
MS-related inflammation results from defective
cholesterol metabolism or vice versa [4, 5].

The correlation between MS disease activity
and lipid profile alterations has not yet been elu-
cidated. This systematic review aims to assess the
association between HDL-C and RRMS.

Material and methods

This systematic review has been registered in
PROSPERO (ID number: CRD42023398000) and
abides to the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA)
2020 statement (PRISMA Statement, Ottawa, ON,
Canada) [8].

The major objective was to evaluate the associa-
tion between MS and HDL-C levels. Secondary out-
comes included determination of the relationship
between MS (RRMS type) and other lipoproteins, in-
cluding low-density lipoprotein cholesterol (LDL-C),
total cholesterol (TC), and triglycerides (TGs).

Search strategy

A systematic literature search of English-only re-
ports up to March 2023 was performed using Med-
line via PubMed, the Cochrane Controlled Trials Reg-
ister and ClinicalTrials.gov databases. The following
keyword combinations were used: (“High Density
Lipoprotein Cholesterol” OR “HDL”) AND (“Multiple

Sclerosis”). No year- or country-related restriction
was imposed. References of included studies were
examined for articles potentially missed by the ini-
tial database search. Abstracts from major scientific
meetings were electronically searched (American
Academy of Neurology Annual Meeting and the Eu-
ropean Academy of Neurology conference).

Study design

A qualitative and quantitative synthesis of pro-
spective and retrospective studies was performed
in order to examine the role of HDL-C levels and
other lipid profile constituents (LDL-C, TC, TGs) in
MS.

Screening and eligibility

For deduplication purposes, Zotero reference
management software was used. The potentially
eligible studies were reviewed by two indepen-
dent authors (NP and APA). Disagreements were
discussed and consensus was reached. Eligibility
criteria adhered to the PICOS (population, inter-
vention, comparators/controls, outcomes, and
study design) structure for research question
wording, as follows population: patients with MS
diagnosed using McDonald Criteria; intervention:
measurement of lipid levels in RRMS patients;
comparator: healthy participants; outcomes:
mean differences of HDL-C and other lipid param-
eters between RRMS patients and healthy partic-
ipants; study design: prospective or retrospective
case-control studies. Studies not fulfilling the
above criteria were excluded.

Data extraction

The extraction process for study characteristics
was performed independently by two authors (NP
and APA). First author, year of publication, country of
origin, date of patient enrolment, and mean HDL-C
concentration were recorded from each eligible
study. Additionally, the following parameters were
recorded for both MS patients and healthy controls
(HCO): gender, mean age, mean EDSS, percentage of
patients with each disease type (RRMS, PMS, PPMS,
and SPMS), as well as LDL-C, TC, and TG levels.

Methodological assessment of included
studies

The Newcastle-Ottawa Scale (NOS) for case-
control studies (CCS) was used for quality assess-
ment purposes in each included study [9]. NOS
encompasses three main categories, i.e. selection,
comparability, and exposure, with the first two be-
ing divided into subcategories. A maximum score
of 9 can be given to each study. A score of 7-9 is
indicative of high-quality studies, a score of 4-6
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denotes a high risk of bias, while a score of 0-3
indicates a very high risk of bias [9].

Statistical analysis and heterogeneity

When there were sufficient data and outcome
measures were comparable, a quantitative analysis
was performed. The pooled estimates were report-
ed as continuous. Mean differences (MD) and 95
percent confidence intervals (Cl) were determined
for the continuous data. Where interquartile ranges
were given for lipoproteins, a conversion to sample
means and standard deviations was processed via
the Box-Cox method by McGrath et al. [10]. Addi-
tionally, where data on standard error (SE) were
available, standard deviation (SD) was obtained from
the SE of a mean by multiplying by the sample size
square root. Review Manager (RevMan) version 5.0
software was used for statistical analysis (The Nor-
dic Cochrane Center, The Cochrane Collaboration,
Copenhagen, Denmark, 2008). A level of p-value
< 0.05 was deemed as statistically significant. Het-
erogeneity of included studies was evaluated using
the /% test. A result of < 25%, 25-75%, or > 75% in
the test indicates low, moderate or high heteroge-
neity, respectively. The present meta-analysis used
a random effects model for moderate or high /2.

Results
Eligible studies

Of the total 128 screened articles, we identi-
fied 13 eligible studies which fulfilled the inclu-
sion criteria [11-23]. A PRISMA flowchart showing

the study selection process was created (Figure 1).
Excluded studies together with the reasons for ex-
clusion, are shown in Table | [5, 24-32].

Characteristics of included studies

Table II presents the characteristics of the 13
studies which met the aforementioned eligibility
criteria. In total, 1692 participants were included,
819 of which were RRMS patients, and the rest were
HC. All 13 studies were published between 2005
and 2022. Two studies were conducted in the USA,
2 were conducted in Slovakia and the remaining
ones were conducted in Italy, Poland, China, Iran,
Portugal, Belgium, the UK, Turkey, and Egypt. From
the included studies, HDL-C values of patients with
MS ranged from 39.8 to 67.0 mg/d|, while HDL-C
levels of HC ranged between 43.7 and 68.7 mg/dl.

Study outcomes
High-density lipoprotein cholesterol

Our meta-analysis included data from 859
RRMS and 833 HC from 13 studies. Pooled re-
sults showed statistically significant differenc-
es between RRMS versus HC regarding HDL-C
(MD =-3.35 mg/dl, 95% Cl: (-5.69,-1.01), p = 0.005,
2= 76%) (Figure 2).

Low-density lipoprotein cholesterol and
total cholesterol

Regarding the secondary outcome of LDL-C,
a non-significant higher LDL-C concentration in

Identification of studies via databases and registers
- Records identified through database searching
2 (n = 140): Records removed before screening:
3 PubMed (n=118) o Duplicate records removed (n = 12)
©= >
= Cochrane Library (n = 18) Records marked as ineligible
§ ClinicalTrials.gov (n = 4) by automation tools (n = 1)
Studies identified through other sources (n = 1)
A
Records excluded:
Records screened (n = 128) > Out of scope (n = 66)
Not eligible comparators (n = 39)
&
£ \
?, Reports excluded (n = 10):
- _ o Did not fulfil McDonald Criteria (n = 1)
Reports assessed for eligibility (n = 23) “| Identical population with other study (n = 4)
No data on RRMS (n = 5)

A
o
§ Studies included in qualitative and quantitative
S synthesis (n = 13)

Figure 1. Study inclusion PRISMA flowchart
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Table I. Excluded studies with reasons for exclusion

Author Year Country Study type/ Reason for exclusion
design
F. Giubilei [24] 2002 Italy CCs Mc Donald’s criteria for diagnosis not fulfilled
(WP)

G. Salemi [25] 2010 Italy CCs Not only RRMS (WP)

C. Keytsman [26] 2017 Belgium CCs Not only RRMS (WP)

Z. Radikova [27 2018 Slovakia Ccs Same study population as in Durfinova 2018
[19] (WP)

N. Murali [28] 2020 New York CCs Same study population as in Mukhopadhyay

2016 [17] (WP)

7. Radikova [29] 2020 Slovakia ccs Same study population as in Durfinova 2018
[19] (WP)

E.K. Ulusoy [30] 2020 Turkey CCs Not only RRMS (WP)

L.S. Albuquerque [5] 2021 Brazil CCs Not only RRMS (WP)

I. Nieste [31] 2022 Belgium CCS & CSS Not only RRMS (WP)

K. Siddiqui [32] 2023 New York CCS & CSS Same study population as in Jakimovski 2020
[21] (WP)

CCS - case-control study, CSS — cross-sectional study, WP — wrong population.

Table II. Characteristics of the included studies

Study Year Country Study RRMS patients Healthy controls
design  n  Mean HDL-C[mg/dl] N Mean HDL-C [mg/dI]
age mean * SD age mean * SD
Ferretti [11] 2005 Italy Ccs 24 38.2 50.3 £3.6 89 31.5 58.3 #3.0
Jamroz-Wisniewska [12] 2009  Poland CCs 82 326 61.0£19.0 40 36.3 58.0 +23.0
Li[13] 2010 China Ccs 53 36.9 51.0 £14.7 54 36.5 51.0 £10.8
Moghtaderi [14] 2011 Iran CcCs 63 323 39.8 +8.7 63 42.3 43.7 £6.7
Palavra [15] 2013 Portugal CS 30 35 57.8 £10.9 66  35.5 60 +19
Penesova [16] 2015 Slovakia Ccs 19 30 57.2 ¥13.5 19 29 53.0 £15.9
Mukhopadhyay [17] 2016 New York () 221 444 66.8 +14.0 203 456 68.7 £16.0
Jorissen [18] 2017 Belgium ccs 36 42 59.312.4 89 42 61.0 £16
Durfinova [19] 2018 Slovakia Cccs 139 36 59.3 +16.2 38 38 67.2 £22.1
Gafson [20] 2018 UK Cccs 27 414 67.0 £16.2 31 30.4 67.6 £16.4
Jakimovski [21] 2020 New York Cohort 64 50.1 58.8 £13.0 41 50.4 59.3 #17.0
Gezmis [22] 2021 Turkey CcCs 51 36.6 48.7 £12.7 50 33.4 64.0 £19.0
Boshra [23] 2022 Egypt Ccs 50 32 47.0 6.3 50 29 49.8 £3.5

CS — cross-sectional, CCS — case-control study, RRMS — relapsing-remitting multiple sclerosis.

the RRMS population compared with that of the
HC group (MD = 5.22, 95% Cl: (-2.23, 12.68), p =
0.17, *= 79%) was observed (Figure 3). Regarding
TC levels, the RRMS group exhibited slightly sig-
nificantly higher concentrations compared to the
HC group (MD = 11.03, 95% Cl: (0.45, 21.60), p =
0.04, I = 88%) (Figure 4).

Triglycerides

Subgroup meta-analysis was also performed
among RRMS and HC regarding TG levels for 534
RRMS and 589 HC from 11 studies. Pooled results
showed significant differences between RRMS

and HC in terms of TGs (MD = 26.33, 95% ClI
[15.03, 37.62], I*= 62%) (Figure 5).

Concerning the study by Jamroz-Wisniewska
et al. [12], lipid profile values used in the me-
ta-analysis referred to RRMS patients in remission.

Quality appraisal

From the quality assessment of the 13 includ-
ed studies using the NOS, the mean score was
8.4 points (8 studies with 9 points; 3 studies with
8 points; 2 studies with 7 points). Based on the
aforementioned scoring system, this result indicates
an overall high quality of included studies (Table I1).
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Study RRMS HC Weight Mean difference 1V, Mean difference 1V,

or subgroup Mean SD Total Mean SD Total (%) random, 95% CI random, 95% ClI
[mg/dl] [mg/dl] [mg/dl] [mg/dl]

Ferretti 2005 50.3 3.6 24 58.3 3 89 119 -8.00 (-9.57,—6.43) -

Jamroz-Velsnlawska 2009 61 19 82 58 23 40 4.9 3.00 (-5.23,11.23) I

Li 2010 51 14.7 53 51 10.8 54 8.1 0.00 2—4.89, 4.89) 1

Moghtaderi 2011 39.8 8.7 63 43.7 6.7 63 10.7 -3.90 (-6.61,-1.19) I

Palavra 2013 57.8 10.9 30 60 19 66 6.9 -2.20 (-8.22, 3‘82; I

Penesova 2015 57.2 13.5 19 53 15.9 19 4.2 4.20 (-5.18, 13.58 1

Mukhopadhyay 2016 66.8 14 221 68.7 16 203 10.6 -1.9 (-4.77,0.97) T

Jorissen 2017 59.3 12.4 36 61 16 89 7.7 -1.70 é 6.94, 3.543 e

Gafson 2018 67 16.2 27 67.6 16.4 31 4.8 -0.60 (-9.01, 7.81 I E—

Durfinova 2018 59.3 18.2 139 67.2 22.2 38 5.4 7.9 (-15.45,-0.35) e —

Jakimovski 2020 58.8 13 64 59.3 17 41 6.8 —0.50 (-6.60, 5.60) I E—

Gezmis 2021 48.7 12.7 51 64 19 50 6.6 -15.30 g 21.62,-8.98) ————

Boshra 2022 47 6.3 50 49.8 3.5 50 11.5 -2.80 (-4.80, 20. 80) -

Total (95% Cl) 859 833 100.0 -3.35 (-5.69, -1.01) >

Heterogeneity: t? = 11. 36 %2 =750.98, df = 12 (p < 0.00001); * = 76%

Test for overall effect Z=2.80 (p = 0.00S) -20 -10 0 10 20

Lower HDL-C in RRMS Lower HDL-C in HC
Figure 2. Forest plot of comparison: RRMS vs. HC; outcome: HDL-C [mg/dl]

Study RRMS HC Weight Mean difference 1V, Mean difference IV,

or subgroup Mean SD Total Mean SD Total (%) random, 95% ClI random, 95% Cl
[mg/dl] [mg/dl] [mg/dl] [mg/dl]

Ferretti 2005 96.3 41.6 24 84.5 67.9 89 5.6 11.80 (-10.02, 33.62) —

Jamroz-Wisniiewska 2009 179 65 42 135 50 40 4.8  44.00 (18.97,69.03)

Li 2010 107.9 34 53 92.4 21.7 54 8.7 15.50 (4.67, 26.33) e

Moghtaderi 2011 1255 36.9 63 114.3 35.7 63 8.2 11.20 E 1. 48 23.88) T

Palavra 2013 102.3 334 30 118.6 27.7 66 7.8 -16.30 (-29. 99 -2.61) —

Penesova 2015 94.74  30.5 19 90.5 23.6 19 6.8 4.24 (-13.10, 21. 583 I —

Mukhopadhyay 2016 90.8 28 221 95.7 28 203 10.1  -4.90 E 10.24, 0.44, -

Jorissen 2017 96.6 28.8 36 109.8 35.9 89 8.4 -13.20 —25.21,—1.19) —

Durfinova 2018 119.7 347 139 107.2 21.1 38 9.3 12.50 (3.65, 21.35) —

Gafson 2018 1149 347 27 116.3 349 31 6.6 —1.40(-19.35, 16.55 —

Jakiimovski 2020 134 34 64 144 35 41 7.9 -=10.00 §—23.57, 3.57 —

Gezmis 2021 120.2 394 51 100.6 28.8 50 7.9 19.60 (6.16, 33.04) —_—

Boshra 2022 90.2 39.5 50 78.5 27.4 50 8.0 11.70 (-1.62, 25.02) T—

Total (MCI) 819 833 100.0 5.22 (-2.23, 12.68) -

Heterogeneity: ©> = 135.64; y* = 5 3,df =12 (p < 0.00001); 1 = 79%

Test for overall effect Z = 1.37 (p=0.17) ~100 ~50 0 50 100

Lower LDL-C in RRMS Higher LDL-C in RRMS
Figure 3. Forest plot of comparison: RRMS vs. HC; outcome: LDL-C [mg/dl]

Study RRMS HC Weight Mean difference IV, Mean difference IV,
or subgroup Mean SD Total Mean SD  Total (%) random, 95% ClI random, 95% ClI
[mg/dl] [mg/dl] [mg/dl] [mg/dl]
Ferretiti 2005 172.5 47 24 166.5 64.2 89 6.4 6.00 (-17.05, 29.05) R
Jamroz-Wisniiewska 2009 282 37 42 192 61 40 6.6 90.00 (68.03,111.97) I
Li 2010 186.8 31.7 53 167.1 30.2 54 8.3 19.70 (7.96, 31.44) —
Moghtaderi 2011 198.7 39.1 63 187.1 415 63 8.0 11.60 (-2.48, 25.68) T
Palavra 2013 184.1 29.7 30 185 213 66 8.3 -0.90 (-12.70, 10.90) T
Penesova 2015 176.3 36 19 157.8 27.8 19 6.9 18.50 (-1.95, 38.95) T
Mukhopadhyay 2016 185.3 35 221 193 36 203 9.0 -7.70(-14.47,-0.93) ]
Jorissen 2017 169.6 31.8 36 182.7 35.8 89 8.2 -13.10 (-25.88,-0.32) B
Durfinova 2018 188.1 29.7 139 177.4 25.2 38 8.7 10.70 (1.29, 20.11) "
Gafson 2018 2146 51.1 27 216.9 50.9 31 5.9 -2.30(-28.62,24.02) T
Jakiimovski 2020 226 36 64 233 41 41 7.8 —7.00 (-22.34. 8.34) I
Gezmis 2021 190.5 434 51 174.5 33 50 7.8 16.00 §0.98, 31‘02;
Boshra 2022 1659 41.1 50 151.5 26.7 50 8.1 14.40 (0.82, 27.98
Total (95% ClI) 819 833 100.0 11.03 (0.45, 21.60) g
Heterogeneity: 1 = 312.99; 32 = 6 f 12 (p < 0.00001); 1 = 88%
Test for overall effect: Z=2.04 (p = -100 —-50 0 50 100

Lower TCHOL in RRMS Higher TCHOL in RRMS

Figure 4. Forest plot of comparison: RRMS vs. HC; outcome: total cholesterol [mg/dl]

Study RRMS HC Weight Mean difference 1V, Mean difference IV,
or subgroup Mean SD Total Mean SD Total (%) random, 95% ClI random, 95% ClI

[mg/dl] [mg/dl] [mg/dl] [mg/dl]
Ferretiti 2005 129.2  39.7 24 118.3 70.8 89 10.0 10.90 (-10.75, 32.55) s e
Jamroz-Wisniiewska 2009 91 40 42 79 50 40 10.6  12.00 (~7.66, 31.66 e
Li 2010 155 80.6 53 94.8 443 54 9.0 60.20 (35.49, 84.91 —_—
Moghtaderi 2011 166.8 78.5 63 131.1 65.8 63 8.8 36.70 (10.41, 60.99 —_—
Palavra 2013 1243 829 30 85.6 434 66 7.1 38.70 (7.24, 70.16) e —
Penesova 2015 78.8  45.2 19 90.4 56.7 19 6.8 —11.60 (—44.20, 21.00) e e
Jorissen 2017 136.8 106.8 36 113.6 57.5 89 5.9 23.00 (-13.88, 59.88) I —
Durfinova 2018 117.8 70.2 139 77.3 334 38 12.0 40.30 (24.52, 56.08) —_—
Gafson 2018 105.7 68.8 27 106.2 70 31 6.1 -0.50 (-36.29, 35.29) S —
Gezmis 2021 110.2 494 51 69 25.7 50 12.2  41.20 (25.88, 56.52) —_—
Boshra 2022 140 57.5 50 120.2 20.1 50 11.6 19.80 (2.92, 36.68) —
Total (95% ClI) 534 589 100.0 26.33 (15.03, 37.62) >
Heterogeneity: 1 = 211.45; 52 = 26.51, df = 10 (p = 0.003); I = 62%
Test for overall effect Z=457(p<0. OOOO -100 =50 0 50 100

Lower TRGs in RRMS Higher TRGs in RRMS
Figure 5. Forest plot of comparison: RRMS vs. HC; outcome: triglycerides [mg/dl]
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Table lll. Quality appraisal of the included studies using the Newcastle-Ottawa Scale (NOS) for case-control studies

Study Selection Compa- Exposure Total

Case  Caserep- Controls Controls rability Ascertain- Same Non- score

definition resenta- selection definition ment method response
tiveness of ascer- rate
tainment
Ferretti et al. * * * * * * * 7/9
Jamroz- * * * * * * * 7/9
Wisniewska
etal
Lietal * * * * * % * * * 9/9
Moghtaderi * * * * * % * * * 9/9
etal
Palavra et al. * * * * % * * * 8/9
Penesova et al. * * * * ** * * * 9/9
Mukhopadhyay * * * * ** * * * 9/9
etal
Jorissen et al. * * * * * % * * * 9/9
Durfinova et al. * * * * * * * * 8/9
Gafson et al. * * * * ** * * * 9/9
Jakimovski * * * * * % * * * 9/9
etal
Gezmis et al. * * * * ** * * * 9/9
Boshra et al. * * * * * % * * * 8/9
Discussion previously, it remains unclear whether MS-related

The present systematic review and meta-analy-
sis investigates the link between HDL-C levels and
MS. Our results suggest that patients with RRMS
have significantly lower HDL-C levels when com-
pared with HC. Regarding the rest of the lipid pro-
file parameters, TG and TC were higher in RRMS
patients, while only LDL-C did not differ signifi-
cantly between RRMS patients and HC.

Importantly, some of the included studies [19,
20, 23] investigated the correlation between lipo-
protein levels and cholesterol subfractions with
MS disability status, concluding that altered lipid
metabolism may contribute to immune activation
and, consequently, clinical deterioration. Of im-
portance, in the study by Jakimovski et al. [21],
MS patients with higher lipoprotein(a) [Lp(a)] lev-
els (= 30 and = 50 mg/dl) had significantly larg-
er major extracranial arteries when compared
with those with lower Lp(a) levels. According to
recent guidelines, Lp(a) is a new atherosclerotic
cardiovascular disease (ASCVD) factor, and every
individual should have it measured once in their
lifetime [33, 34].

Pathophysiology

In general, cholesterol is important for the cell
membrane structure and function. As mentioned

inflammation is a consequence of dyslipidemia or
vice versa [4, 5].

HDL-C is hypothesized to have a neuropro-
tective role in MS as a modulator of blood-brain
barrier (BBB) breakdown [35]. The BBB protects
the brain from potentially harmful blood-borne
factors, which may induce inflammation and
neurodegeneration [3, 36]. Therefore, low HDL-C
concentrations promote BBB breakdown, allow-
ing passage of pro-inflammatory cytokines and
chemokines into the CNS, with subsequent at-
traction of leukocytes. This inflammatory state
leads to demyelination characterized by oligoden-
drocytes loss, gliosis, and neuro-axonal degener-
ation [35].

On the other hand, the chronic inflammation
seen in MS may contribute to the observed low
HDL-C levels. Potential mechanisms contributing
to this association include the inflammation-in-
duced suppression of liver-derived apoA-l, the
increments in secretory phospholipase A2 and en-
dothelial cell lipase, the effect of cytokines, and
the dysfunction of Lecithin:cholesterol acyltrans-
ferase [37]. The above HDL-reducing mechanisms
have also been shown to contribute in other infec-
tious and inflammatory conditions like leishmania
and SARS-CoV-2 infections [38—41], as well as ma-
lignancies such as multiple myeloma [38, 42].
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Multiple sclerosis and atherosclerotic
cardiovascular disease

The pooled analysis findings of lower HDL-C
levels and higher TC and TG levels in RRMS indi-
viduals suggest that such patients may also have
a higher ASCVD burden [43].

Recent data indicate an increased ASCVD risk
in MS patients. In a population-based matched
cohort study of 84,823 people, 12,251 of which
had MS, it was shown that MS was correlat-
ed with a 47% increased risk of ASCVD, as well
as with a 59% increased risk of cerebrovascular
disease [44]. Interestingly, statin treatment was
associated with lower mortality rates among MS
patients [44]. A randomized, double-blind, phase II
trial demonstrated that high doses of simvasta-
tin (80 mg/day) resulted in brain atrophy delay in
SPMS patients when compared to those receiving
placebo, indicating an additional beneficial effect
of hypolipidemic treatment apart from ASCVD
reduction [45]. Similarly, in a Mendelian random-
ization study including 115,803 individuals, the
authors provided genetic evidence for the causal
associations of MS with the increased risk of cor-
onary artery disease, myocardial infarction, heart
failure, and ischemic stroke. Finally, a recent Dan-
ish cohort study demonstrated an increased risk
of ASCVD in patients with MS treated with fingoli-
mod, attributing this finding to hypertension [46].

Limitations

To our knowledge, this is the first systematic
review investigating the association between lip-
id profile parameters and MS. However, several
limitations must be considered when interpreting
the results presented herein. The small sample
size and the retrospective, observational design of
most studies increased the risk that observations
could be due to chance. Moreover, our meta-anal-
ysis suffers from relatively high heterogeneity, as
indicated by the /? tool (76%, 79%, 88% and 62%
for HDL-C, LDL-C, TC, and TGs, respectively, for the
comparison of RMMS with HC). This may be po-
tentially explained by discrepancies in lipoprotein
measurement, as well as by patient-to-patient
variability concerning MS type, disease activity,
and treatment status. A meta-analysis comparing
HDL-C levels between RRMS patients in remission
versus PMS patients was not feasible due to in-
sufficient data. Not all studies reported on poten-
tially confounding comorbidities (e.g. disorders of
lipid metabolism, diabetes, alcohol use disorder,
thyroid, liver or renal disease), use of lipid-lower-
ing agents or steroids, while anthropometric mea-
surements were largely similar between groups.
However, one study included patients with thyroid
disorders [20], while 2 other studies included pa-

tients who received statins [15, 21]. Finally, report-
ed mean BMI of either group was > 25 in 3 studies
[17, 21, 23]. Data on physical activity were scarce-
ly provided. The present meta-analysis focuses
on RRMS patients, which also poses limitations
regarding generalizability.

In conclusion, our meta-analysis suggests that
RRMS patients have significantly lower HDL-C lev-
els compared with HC. Lipid profile assessment
is suggested in MS patients both as a potential
biomarker of the disease, but also for ASCVD
prevention purposes. Future MS research may be
directed toward investigating the role of lipids as
MS biomarkers, as well as potential indicators of
disease burden and treatment response.

Acknowledgments

Anastasios Makris and Nikoletta Palli had equal
contribution.

Funding

No external funding.

Ethical approval
Not applicable.

Conflict of interest

The authors declare no conflict of interest.

References

1. Walton C, King R, Rechtman L, et al. Rising prevalence of
multiple sclerosis worldwide: insights from the Atlas of
MS, third edition. Mult Scler 2020; 26: 1816-21.

2. Global, regional, and national burden of disorders af-
fecting the nervous system, 1990-2021: a systematic
analysis for the Global Burden of Disease Study 2021.
Lancet Neurol 2024; 23: 344-81.

3. Filippi M, Bar-Or A, Piehl F, et al. Multiple sclerosis. Nat
Rev Dis Primers 2018; 4: 43.

4. Lorincz B, Jury EC, Vrablik M, Ramanathan M, Uher T. The
role of cholesterol metabolism in multiple sclerosis: from
molecular pathophysiology to radiological and clinical
disease activity. Autoimmun Rev 2022; 21: 103088.

5. Albuguerque LDS, Damasceno NRT, Maia FN, et al. Car-
diovascular risk estimated in individuals with multiple
sclerosis: a case-control study. Mult Scler Relat Disord
2021; 54: 103133.

6. Vollmer T, Key L, Durkalski V, et al. Oral simvastatin
treatment in relapsing-remitting multiple sclerosis.
Lancet 2004; 363: 1607-8.

7. Almramhi MM, Finan C, Storm CS, et al. Exploring the
role of plasma lipids and statin interventions on multi-
ple sclerosis risk and severity: a mendelian randomiza-
tion study. Neurology 2023; 101: e1729-40.

8. Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA
2020 statement: an updated guideline for reporting sys-
tematic reviews. BMJ 2021; 372: n71.

9. Wells GA, Shea B, O’Connell D, et al. The Newcastle-Ot-
tawa Scale (NOS) for assessing the quality of nonran-
domised studies in meta-analyses. 2013.

Arch Med Sci Atheroscler Dis 2025

e75



Anastasios Makris, Nikoletta Palli, Angelos Liontos, Evangelos C. Rizos, Constantinos Tsioutis, Dimitrios Papadopoulos, Aris P. Agouridis

10. McGrath S, Zhao X, Steele R, Thombs BD, Benedetti A.
Estimating the sample mean and standard deviation
from commonly reported quantiles in meta-analysis.
Stat Methods Med Res 2020; 29: 2520-37.

11. Ferretti G, Bacchetti T, Principi F, et al. Increased levels of
lipid hydroperoxides in plasma of patients with multiple
sclerosis: a relationship with paraoxonase activity. Mult
Scler 2005; 11: 677-82.

12. Jamroz-Wisniewska A, Beltowski J, Stelmasiak Z, Barto-
sik-Psujek H. Paraoxonase 1 activity in different types of
multiple sclerosis. Mult Scler 2009; 15: 399-402.

13.Li Y, Wang H, Hu X, Peng F, Yang Y. Serum lipoprotein
levels in patients with neuromyelitis optica elevated but
had little correlation with clinical presentations. Clin
Neurol Neurosurg 2010; 112: 478-81.

14. Moghtaderi A, Hashemi M, Sharafaddinzadeh N, et al.
Lack of association between paraoxonase 1 Q192R
polymorphism and multiple sclerosis in relapse phase:
a case-control study. Clin Biochem 2011; 44: 795-8.

15. Palavra F Marado D, Mascarenhas-Melo F, et al. New
markers of early cardiovascular risk in multiple sclerosis
patients: oxidized-LDL correlates with clinical staging.
Dis Markers 2013; 34: 341-8.

16. Penesova A, Vicek M, Imrich R, et al. Hyperinsulinemia
in newly diagnosed patients with multiple sclerosis.
Metab Brain Dis 2015; 30: 895-901.

17. Mukhopadhyay S, Fellows K, Browne RW, et al. Interde-
pendence of oxysterols with cholesterol profiles in mul-
tiple sclerosis. Mult Scler 2017; 23: 792-801.

18. Jorissen W, Wouters E, Bogie JF, et al. Relapsing-remit-
ting multiple sclerosis patients display an altered lipo-
protein profile with dysfunctional HDL. Sci Rep 2017; 7:
43410.

19. Durfinova M, Prochazkova L, Petrlenicova D, et al. Cho-
lesterol level correlate with disability score in patients
with relapsing-remitting form of multiple sclerosis. Neu-
rosci Lett 2018; 687: 304-7.

20. Gafson AR, Thorne T, McKechnie ClJ, Jimenez B, Nich-
olas R, Matthews PM. Lipoprotein markers associated
with disability from multiple sclerosis. Sci Rep 2018; 8:
17026.

21. Jakimovski D, Zivadinov R, Pelizzari L, Browne RW, Wein-
stock-Guttman B, Ramanathan M. Lipoprotein(a) levels
are associated with the size of extracranial arteries in
multiple sclerosis. ) Vasc Res 2020; 57: 16-23.

22. Gezmis H, Mayda Domac F, Ormeci B, et al. &(2), &(3),
and g(4) variants of ApoE; rs2228570 (VDR), rs4588 and
rs7041 (VDBP) polymorphisms in patients with multiple
sclerosis: a case-control study in Turkish population. Int
J Clin Pract 2021; 75: e14801.

23. Boshra H, Awad M, Hussein M, Elyamani E. Vascular
dysfunction and dyslipidemia in multiple sclerosis: are
they correlated with disease duration and disability sta-
tus? Egypt Heart ) 2022; 74: 9.

24. Giubilei F, Antonini G, Di Legge S, et al. Blood cholesterol
and MRI activity in first clinical episode suggestive of
multiple sclerosis. Acta Neurol Scand 2002; 106: 109-12.

25. Salemi G, Gueli MC, Vitale F, et al. Blood lipids, homo-
cysteine, stress factors, and vitamins in clinically sta-
ble multiple sclerosis patients. Lipids Health Dis 2010;
9: 19.

26. Keytsman C, Eijnde BO, Hansen D, Verboven K, Wens |.
Elevated cardiovascular risk factors in multiple sclerosis.
Mult Scler Relat Disord 2017; 17: 220-3.

27. Radikova Z, Penesova A, Vicek M, et al. LDL and HDL
lipoprotein subfractions in multiple sclerosis patients

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

with decreased insulin sensitivity. Endocr Regul 2018;
52: 139-45.

Murali N, Browne RW, Fellows Maxwell K, et al. Choles-
terol and neurodegeneration: longitudinal changes in
serum cholesterol biomarkers are associated with new
lesions and gray matter atrophy in multiple sclerosis
over 5 years of follow-up. Eur J Neurol 2020; 27: 188-e4.
Réadikova Z, Penesova A, Vigek M, et al. Lipoprotein pro-
filing in early multiple sclerosis patients: effect of chron-
ic inflammation? Lipids Health Dis 2020; 19: 49.
Ulusoy EK, Bolattiirk O F, G5l MF. Relation between the
novel marker monocyte to high-density lipoprotein cho-
lesterol ratio and severity in multiple sclerosis. Ann Indi-
an Acad Neurol 2020; 23: 275-9.

Nieste |, Franssen WMA, Duvivier B, Spaas J, Savelberg
H, Eijnde BO. Replacing sitting with light-intensity phys-
ical activity throughout the day versus 1 bout of vig-
orous-intensity exercise: similar cardiometabolic health
effects in multiple sclerosis. A randomised cross-over
study. Disabil Rehabil 2023; 45: 3293-302.

Siddiqui K, Browne RW, Benedict RHB, et al. Cholesterol
pathway biomarkers are associated with neuropsycho-
logical measures in multiple sclerosis. Mult Scler Relat
Disord 2023; 69: 104374.

Katsiki N, Filippatos T, Vlachopoulos C, et al. Executive
summary of the Hellenic Atherosclerosis Society guide-
lines for the diagnosis and treatment of dyslipidemias
- 2023. Atheroscler Plus 2024; 55: 74-92.

Sosnowska B, Stepinska J, Mitkowski P et al. Recom-
mendations of the Experts of the Polish Cardiac Soci-
ety (PCS) and the Polish Lipid Association (PoLA) on the
diagnosis and management of elevated lipoprotein(a)
levels. Arch Med Sci 2024; 20: 8-27.

Fellows K, Uher T, Browne RW, et al. Protective associa-
tions of HDL with blood-brain barrier injury in multiple
sclerosis patients. J Lipid Res 2015; 56: 2010-8.
Davalos D, Ryu JK, Merlini M, et al. Fibrinogen-induced
perivascular microglial clustering is required for the
development of axonal damage in neuroinflammation.
Nat Commun 2012; 3: 1227.

Feingold KR, Grunfeld C. Effect of inflammation on HDL
structure and function. Curr Opin Lipidol 2016; 27:
521-30.

Moutzouri E, Elisaf M, Liberopoulos EN. Hypocholesterol-
emia. Curr Vasc Pharmacol 2011; 9: 200-12.
Filippas-Ntekouan S, Liberopoulos E, Elisaf M. Lipid test-
ing in infectious diseases: possible role in diagnosis and
prognosis. Infection 2017; 45: 575-88.

Agouridis AR Liberopoulos EN, Kostapanos MS, Elisaf MS.
New-onset extremely low levels of high-density lipopro-
tein cholesterol. J Clin Lipidol 2012; 6: 593-5.

Agouridis AR Pagkali A, Zintzaras E, Rizos EC, Ntzani EE.
High-density lipoprotein cholesterol: a marker of
COVID-19 infection severity? Atheroscler Plus 2021; 44:
1-9.

Makris A, Pagkali A, Nikolousis E, Filippatos TD, Agou-
ridis AP. High-density lipoprotein cholesterol and mul-
tiple myeloma: a systematic review and meta-analysis.
Atheroscler Plus 2023; 54: 7-13.

Mincu RI, Magda LS, Florescu M, et al. Cardiovascular
dysfunction in multiple sclerosis. Maedica (Bucur) 2015;
10: 364-70.

Palladino R, Marrie RA, Majeed A, Chataway J. Evalu-
ating the risk of macrovascular events and mortality
among people with multiple sclerosis in England. JAMA
Neurol 2020; 77: 820-8.

e76

Arch Med Sci Atheroscler Dis 2025



High-density lipoprotein cholesterol and multiple sclerosis: a systematic review and meta-analysis

45. Chataway J, Schuerer N, Alsanousi A, et al. Effect of
high-dose simvastatin on brain atrophy and disability
in secondary progressive multiple sclerosis (MS-STAT):
a randomised, placebo-controlled, phase 2 trial. Lancet
2014; 383: 2213-21.

46. Framke E, Thygesen LC, Malmborg M, Schou M, Sell-
ebjerg F Magyari M. Risk of cardiovascular disease in
patients with multiple sclerosis treated with fingolimod
compared to natalizumab: a nationwide cohort study of
2095 patients in Denmark. Mult Scler 2024; 30: 184-91.

Arch Med Sci Atheroscler Dis 2025 e77



	_Hlk171598911

