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Summary

Introduction. Multiple sclerosis is a chronic, inflammatory
disease of the central nervous system characterized by areas with
inflammatory changes associated with demyelination. Cholesterol
is a significant structural component of the central nervous system
incorporated into the myelin sheath. The aim of study was to ex-
amine values of lipid status parameters in patients with multiple
sclerosis and the correlation between these parameters and the trig-
lyceride glucose index. Material and Methods. A retrospective
study included 28 patients with multiple sclerosis. Medical records
of the Clinic of Neurology and databases of the Center of Labora-
tory Medicine, Clinical Center of Vojvodina were analyzed. Based
on the obtained data of the glycemic index and lipid profile, trig-
lyceride glucose index was calculated. Results. Borderline elevat-
ed values of total cholesterol and low-density cholesterol (5.25 +
1.08 mmol/L; 3.90 + 4.54) were found in patients with multiple
sclerosis. Linear correlation analysis showed a statistically positive
correlation between triglyceride glucose index and total choles-
terol (r = 0.572; p = 0.01), low-density cholesterol (r = 0.256; p =
0.05) and low-density cholesterol to high-density cholesterol ratio
(r=0.502); p=0.01). No statistically significant correlation between
triglyceride glucose index and high-density cholesterol was ob-
served. Conclusion. The examined group with multiple sclerosis
had borderline elevated values of total cholesterol and low-density
cholesterol. There is a significant correlation between the triglyc-
eride glucose index and values of total cholesterol, low-density
cholesterol, as well as the low-density cholesterol to high-density
cholesterol ratio.
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Introduction

Demyelinating diseases are disorders of the cen-
tral and peripheral nervous system which are char-

SazZetak

Uvod. Multipla skleroza je hroni¢no, inflamatorno oboljenje cen-
tralnog nervnog sistema koje karakterisu izolovana podrucja za-
paljenjskih promena udruzenih sa demijelinizacijom. Unutar cen-
tralnog nervnog sistema, holesterol je vecinski inkorporiran u mi-
jelinski omotac, te predstavlja znacajnu strukturnu komponentu.
Cilj rada bilo je ispitivanje vrednosti parametara lipidskog statusa
kod pacijenata obolelih od multiple skleroze i stepena povezanosti
navedenih parametara sa indeksom triglicerida i glukoze. Materijal
i metode. Retrospektivna studija obuhvatila je 28 pacijenata obole-
lih od multiple skleroze. Uvidom u medicinsku dokumentaciju
Klinike za neurologiju i baze podataka Centra za laboratorijsku
medicinu Klini¢kog centra Vojvodine preuzete su izmerene vred-
nosti glikemije u bazalnim uslovima, vrednosti parametara lipidskog
statusa i izraCunata je vrednost indeksa triglicerida i glukoze. Re-
zultati. Kod obolelih od multiple skleroze uocavaju se grani¢no
povisene vrednosti ukupnog holesterola i holesterola niske gustine
(5,25 + 1,08 mmol/l; 3,90 +4,54). Linearnom korelacionom analizom
triglicerida i glukoze utvrdena je statisticki pozitivna korelacija in-
deksa sa vrednostima ukupnog holesterola (r = 0,572; p = 0,01),
holesterola niske gustine (r=0,256; p=0,05), i vrednostima odnosa
holesterola niske i visoke gustine (r = 0,502; p = 0,01). Nije uocena
statisticki znacajna korelacija indeksa triglicerida i glukoze sa vred-
nostima holesterola visoke gustine. Zaklju¢ak. Ispitivana grupa
imala je grani¢no poviSene vrednosti ukupnog i holesterola niske
gustine. Postoji znacajna korelacija indeksa triglicerida i glukoze sa
vrednostima ukupnog, holesterola niske gustine, kao i sa vrednos-
tima odnosa holesterola niske i visoke gustine.

Kljuéne re¢i: multipla skleroza; trigliceridi; glikemija; lipidi;
glikemijski indeks; insulinska rezistencija; LDL holesterol;
HDL holesterol

acterized by damage to the myelin sheath of neu-
rons. Various causes, such as infectious, toxic,
metabolic and autoimmune processes may lead to
the damage of the myelin sheath. The most common
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Abbreviations

CNS — central nervous system
MS — multiple sclerosis

HDL — high-density cholesterol
LDL — low-density cholesterol
TyG — triglyceride glucose

HOMA-IR —homeostasis model assessment of insulin resistance

demyelinating disease of the central nervous system
(CNS) is multiple sclerosis (MS) [1].

Today, it is believed that MS is an autoimmune
disease that occurs in genetically predisposed indi-
viduals, i.e. individuals who possess an altered major
histocompatibility complex on chromosome 6 [1]. The
development of the disease in genetically predisposed
individuals is associated with a certain “trigger” (vi-
ral infection, psychological stress, toxins, physical
trauma...). The transendothelial migration of activat-
ed lymphocytes from the blood into the brain tissue
is the main cause of inflammatory lesions of CNS.
As aresult of the activation of the immune system in
the nervous tissue there is an abundant intrathecal
synthesis of class G immunoglobulins by individual
clones of activated lymphocytes [1].

Generally, MS is diagnosed between the age of
20 and 40 years (~70%) twice as often in women than
in men [2]. The disease has a variable course, and on
the one hand the predominant clinical presentation
is benign MS which implies the existence of minimal
disability, while on the other hand, the rapid progres-
sion of the disease may lead to severe disability or
death. Multiple sclerosis greatly impairs the quality
of life, and a large number of patients are confined
to a wheelchair. About 15% of patients in the final
stages of the disease require full supervision and
care. About 50% of MS patients die from complica-
tions that occur during the course of disease [2].

Cholesterol is an important structural component
of the CNS. Approximately 25% of total cholesterol in
the body is found in the CNS [3], mostly as a struc-
tural component of the myelin sheath, while smaller
amounts of cholesterol originate from the plasma mem-
branes of astrocytes and neurons. In addition to its
structural role, cholesterol plays a significant role in
maintaining the morphology of neurons, as well as
synaptic transmission. Multiple sclerosis is character-
ized by the destruction of myelin, as well as changes
in lipid metabolism within the CNS. Lipids, especially
lipoproteins, are involved in the regulation of nerve
functions in the CNS by different metabolic mecha-
nisms. High-density lipoproteins (HDL) and low-den-
sity lipoproteins (LDL) play a key role in the transport
of cholesterol and lipids in plasma, primarily HDL par-
ticles have immunomodulatory and antioxidant effects
on endothelial cells [4]. The pathophysiological mech-
anisms of changes in plasma lipid levels in MSS patients
have not yet been fully clarified. Some studies point
primarily to the significant role of the autonomic nerv-
ous system on lipolysis and lipoprotein metabolism [5].
It is thought that lipolysis caused by increased sympa-
thetic activity may be one of the potential pathophysi-

ological mechanisms leading to dyslipidemia in pa-
tients with MS. The aim in this study is to determine
the parameters of lipid status in patients with MS and
to examine the association between these parameters
and the triglyceride glucose (TyG) index as an indica-
tor of insulin resistance.

Material and Methods

This retrospective study was conducted at the Clin-
ical Center of Vojvodina after obtaining the approval
of the Ethics Committee of this institution.

The study included 28 medical history data of pa-
tients with the diagnosis of MS. Patients with acute
infections, thyroid dysfunction, liver disease, and ma-
lignancy were excluded from the study.

In all the respondents, plasma glucose was deter-
mined by a standard enzyme-specific glucose oxidase
and phenol aminophenazone peroxidase method using
a biochemical analyzer Abbott Architect ¢ 8000. The
reference values for glucose are 3.9 - 6.1 mmol/L.

Serum concentrations of total cholesterol, HLD-
cholesterol and triglycerides were determined au-
tomatically, using the biochemical analyzer Abbott
Architect 4,000 and commercial sets. Recommend-
ed reference values for total cholesterol do not ex-
ceed 5.19 mmol/L, border risk values are 5.20 - 6.19
mmol/L, and high-risk values are > 6.20 mmol/L;
for triglyceride do not exceed 1.70 mmol/L, border-
risk values are 1.70 - 2.29 mmol/L, and high-risk
values are > 2.30 mmol/L; desirable values for
HDL-cholesterol are above 1.60 mmol/L for both
sexes, the border risk values are 1.00 - 1.60 mmol/L,
and high risk values are < 1.00 mmol/L.

The LDL-cholesterol was determined indirectly
by the Friedewald formula. Recommended refer-
ence values for LDL-cholesterol do not exceed 3.40
mmol/L, border risk values are 3.40 - 4.09 mmol/L,
and high-risk values are > 4.10 mmol/L [1].

In all patients the TyG index was calculated us-
ing the formula:

TyG index =

Complete statistical analysis was done using the
Excel Data Analysis (Microsoft Corp, Redmond, WA)
statistical software. The results are shown in tables.

In (triglycerides (mg/dL) x glucose (mg/dL)
2

Results

This retrospective study included 28 patients
with MS.

Borderline elevated values of total cholesterol and
LDL-cholesterol were found in patients with MS: 5.25
+ 1.08 mmol/L; 3.90 + 4.54 mmol/L, respectively,
while the TyG index values were 4.49 + 0.32 mmol/L.
The values of other tested parameters did not differ
from the reference values (Table 1).

Linear correlation analysis showed a statistically
significant positive correlation between the TyG index
and the values of total cholesterol (r = 0.572; p < 0.01),
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Table 1. Characteristics of the respondents
Tabela 1. Karakteristike ispitanika

MS/MS

Gender/Pol M/M =10 F/Z=18
Years/Godine 451 +9.6
Glucose (mmol/L)/Glukoza (mmol/L) 5.02+0.74
Cholesterol (mmol/L)/Holesterol (mmol/L) 5.25+1.08
Triglycerides (mmol/L)/Triglicerdi (mmol/L) 1.22+0.79
HDL cholesterol (mmol/L)/HDL holesterol (mmol/L) 1.54 £ 0.36
LDL cholesterol (mmol/L)/LDL holesterol (mmol/L) 390+4.54
LDL/HDL 2.19+0.84
TyG index/TyG indeks 449 +£0.32

Legend: HDL - high-density cholesterol; LDL - low-density cholesterol; LDL/HDL - low to high density cholesterol ratio; TyG index

- triglyceride glucose index

Legenda: HDL - holesterol visoke gustine, LDL - holesterol niske gustine; LDL/HDL — odnos holesterola niske i visoke gustine; TyG

indeks - indeks triglicerida i glukoze

Table 2. Linear correlation analysis
Tabela 2. Linearna korelaciona analiza

n=28 TyG index/TyG indeks

r P
Total cholesterol/Ukupni holesterol 0.572 0.01
LDL cholesterol/LDL holesterol 0.256 0.05
LDL/HDL 0.502 0.01
HDL cholesterol/HDL holesterol - 0.191 0.102

Legend: HDL - high-density cholesterol; LDL - low-density cholesterol; LDL/HDL - low to high density cholesterol ratio; TyG
index - triglyceride glucose index; r - correlation coefficient; p - statistical significance
Legenda: HDL — holesterol visoke gustine, LDL — holesterol niske gustine; LDL/HDL — odnos holesterola niske i visoke gustine;

TyG indeks — indeks triglicerida i glukoze; r — koeficijent korelacije; p — statisticka znacajnost

LDL-cholesterol (r = 0.256; p < 0.05), and the LDL/
HDL ratio (r = 0.502; p < 0.01). There was no statisti-
cally significant correlation between the TyG index and
HDL-cholesterol values.

Discussion

Multiple sclerosis is a chronic, inflammatory
disease of the CNS characterized by numerous iso-
lated areas with inflammatory changes (plaques)
associated with demyelination. Considering that MS
is a disease that contributes to early disability, dis-
closure of the diagnosis at the right time is neces-
sary. The diagnosis of MS is based on several fac-
tors, clinical symptoms, magnetic neuroimaging,
and blood and cerebrospinal fluid laboratory testing.

Laboratory tests have a very important place in
the diagnosis of MS, primarily the cerebrospinal
fluid analysis. The cerebrospinal fluid analysis of
the lumbar puncture includes macroscopic examina-
tion, cytological examination, biochemical tests, as
well as electrophoretic techniques and examination
of the degree of intrathecal synthesis of immu-
noglobulins. Oligoclonal bands in the cerebrospinal
fluid indicate the intrathecal synthesis of immu-
noglobulins and it is found in approximately 90%
of patients with MS [6].

The diagnosis of MS is based on a combination
of clinical and paraclinical criteria. Diagnostic al-
gorithms that are used today are recommended by
the International Commission for the Diagnosis of
MS (revised McDonald Criteria) [7-9].

In this study, elevated values of certain lipid pa-
rameters (total cholesterol and LDL-cholesterol)
were observed in patients with MS. Similar results
were reported by other studies [10, 11], clearly
showing elevated levels of total cholesterol in MS
patients compared to the healthy population. Also,
some studies indicate a significant correlation of
high plasma cholesterol levels with cognitive im-
pairment and significant clinical disability in MS
[12], which indicates the importance of determining
this parameter of lipid metabolism.

In this study, mean triglyceride values were
within the reference range, which is in accordance
with other studies, indicating no significant devia-
tions of the triglyceride values in the group of sub-
jects with MS [11, 13]. However, the results of the
study by Weinstock et al. showed significantly
higher triglyceride values in patients with MS [14].

Changes in energy metabolism in MS patients
have not been fully clarified. Certain studies point
to the possibility of the sympathetic nervous system,
the hypothalamus, affecting the energy metabolism



240 Sladojevi¢ M, et al. Triglyceride Glucose Index in Patients with MS

[14]. Autonomic dysfunction, primarily increased
sympathetic activity, in combination with reduced
physical activity, may be considered as a significant
pathophysiological mechanism for early dysregula-
tion of glucose metabolism [15]. Recent studies also
indicate an important role of the hypothalamus in
triglyceride metabolism primarily through the in-
nervation of the liver, white and brown adipose tis-
sue mainly through the sympathetic innervation of
the autonomic nervous system. Some neurons, such
as neuropeptide Y and neurons which express
melanocortin as well as some hormones may affect
the sympathetic response of the hypothalamus to
target organs and thus affect the peripheral metab-
olism of triglycerides [16].

In this study, the TyG index was calculated in
the group of subjects with MS in order to assess
insulin resistance. According to the study results,
the mean TyG index was 4.49 = 0.32 mmol/L, which
is in agreement with other studies examining insu-
lin resistance in patients with MS [17]. According
to the literature data, the TyG index was in the
range of 4 - 8. Given the relatively wide range of
normal values, finer changes in energy metabolism
could be monitored by this parameter as a surrogate
index of insulin resistance [18].

Certain studies showed a significant correlation
between the TyG index and the homeostasis model
assessment of insulin resistance (HOMA-IR) index,
and pointed to the fact that this index could be used
in the assessment of insulin resistance in routine
clinical practice, considering that it only includes
data from basic laboratory analyses, i.e. basal blood
glucose and triglyceride levels [19, 20].

Systemic chronic inflammation is considered to
be one of the important pathophysiological factors
in the pathogenesis of insulin resistance [21]. There
are numerous studies that indicate the existence of
insulin resistance, compensated by hyperinsuline-
mia in certain neurodegenerative diseases [22]. A
study by Oliveira et al. [23] showed the existence
of insulin resistance in approximately 40% of MS
patients compared to the control group, based on
the value of the HOMA index.

To quantify the insulin resistance, several indi-
ces are used today, primarily the HOMA index [24],
but other indices are also used, such as TyG index,
which assesses insulin resistance based on basal
blood glucose and triglyceride levels. The TyG in-
dex provides assessment of insulin resistance with-
out determination of basal insulin and it can be
considered a quick and simple test for establishing
the existence of insulin resistance [25].

The pathophysiological mechanisms of insulin
resistance in patients with MS have not been fully
explained. Some authors point to the dysregulation
of the autonomic nervous system as a potential cause
of metabolic disorders, i.e. the development of insu-
lin resistance while on the other hand the resulting
hyperinsulinemia additionally activates the sympa-
thetic nervous system [26]. In addition, physical
inactivity, reducing the content of mitochondria,
reduces the sensitivity of cells to insulin, and ac-
cording to some authors, it is an important factor of
insulin resistance in these patients [27]. Also, insu-
lin resistance with proatherogenic lipid profile is
considered to be a contributing factor in the occur-
rence and development of atherosclerosis [28].

The results we obtained showed borderline ele-
vated values of total cholesterol and LDL-choles-
terol in patients with MS. There was a significant
correlation between the TyG index and values of
total cholesterol, LDL-cholesterol, and the LDL/
HDL ratio. In relation to all of the above, in patients
with MS, it would be useful to determine the lipid
status parameters, as well as indicators of insulin
resistance, as an additional diagnostic tool in mon-
itoring the progression of the underlying disease.

Conclusion

Borderline elevated values of total cholesterol
and low-density cholesterol were found in patients
with multiple sclerosis. There is a significant cor-
relation between the triglyceride glucose index and
the values of total cholesterol, low-density choles-
terol, as well as the low-density cholesterol to high-
density cholesterol ratio.
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