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Summary

Objective. To assess the combined effect of genetic associations on the development of hypertriglyceridemia as
the risk factor for the development of cardiometabolic complications among young residents of the North.

Materials and methods. The study included 883 young participants who were examined between 2015 and 2020-
749 patients had metabolic syndrome (MS), 134 — had no symptoms of MS. All the participants underwent anthro-
pometric investigation, studies of lipid and carbohydrate metabolism, blood pressure (BP] monitoring. Using phe-
nol-chloroform extraction genomic DNA was extracted from the peripheral blood of each individual. Gene poly-
morphism was assessed using polymerase chain reaction-restriction fragment length polymorphism (PCR-
RFLP] test. The following polymorphisms were studied: rs1378942 of the CSK gene, rs1801133 (C677T) of the
MTHFR gene, ITGA2B, rs7903146 of the TCF7L2 gene, rs1799752 of the ACE gene.
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Results. The prevalence of hypertriglyceridemia among all participants was 66.6 %, and 78.1 % among partici-
pants with MS. Hypertriglyceridemia was more common among the non-indigenous population, mainly among
non-indigenous rural women (83.2%). High levels of triglycerides were revealed in 56.2% of the examined pa-
tients. More often hypertriglyceridemia was associated with heterozygous variants of the TG single nucleotide
polymorphism rs1378942 of the CSK gene (50.7 %) [OR— 1.676, 95 % CI 1.268-2.214, p=0.142) and heterozygous
variant rs1799752 of the ACE gene (52.2 %) (OR 0,54, 95% CI 0.571-0.997, p=0.142). Patients with the combination
of abdominal obesity and hypertriglyceridemia more often showed intergenic interactions of heterozygous geno-
types ID of the ACE, ITGA2B gene, homozygous CC genotypes of TCF7L2 and MTHFR genes, heterozygous TG geno-
type of the CSK gene (47.4 %), the most common among rural female population and indigenous women (22.3 %).

Conclusion. The study revealed high prevalence of hypertriglyceridemia among study participants.
Hypertriglyceridemia was associated with heterozygous TG variants of the single nucleotide polymorphism
rs1378942 of the CSK gene and heterozygous rs1799752 variant of the ACE gene in the majority of patients with
MS. The determination of genetic predictors of the hypertriglyceridemia will allow to timely identify individuals at

increased cardiometabolic risk.
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Hypertriglyceridemia (hyperTG) is a defined as tri-
glyceride (TG) levels>1,7 mmol/l. This condition is a
common form of lipid imbalance in obesity, metabolic
syndrome (MS), and type 2 diabetes (T2D). Today, hy-
perTG is considered a major risk factor (RF) of CVD and
pancreatitis. According to our research, the prevalence
of hyperTG is from 10% to 30% [1, 2]. The European
Atherosclerosis Society recommends the follow-
ing thresholds: mild and moderate hyperTG (2,0-9,9
mmol/l) and severe hyperTG (210,0 mmol/l) [3]. Mild
and moderate hyperTG is associated with CV risk.
Severe hyperTG develops due to monogenic mutations,
is quite rare and can lead to pancreatitis [3]. HyperTG
in adults is a multifactorial condition that involves both
genetic and nongenetic factors. By now over 300 ge-
netic loci that determine clinical phenotypes including
hyperTG have been identified [1]. It is known that there
are common and rare types of genetic factors that pre-
dispose to hyperTG. The types of these factors include
mononucleotide variants and structural variations
such as inclusion, deletion, and duplication of various
parts of a gene or of a complete chromosome [4].

Therefore, the objective of this study was to evalu-
ate the role of genetic factors in the development of
hyperTG — a risk factor for cardiometabolic events in
the young people of the North.

Materials and methods
This is a prospective study that was carried out in
Fedorov City Hospital and Surgut City Clinic N2 1 from
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2015 to 2020 and included 883 people. Oh those, 749
had metabolic syndrome (MS). The mean duration of
residency in the North was 27,9+ 0,005 years. MS was
diagnosed based on the 2009 Metabolic Syndrome
Clinical Guidelines: the presence of three out of five
metabolic disorders —increased waist circumference
(over 80 cm in women and 94 cm in men), arterial hy-
pertension (AH) (BP over 135 and 90 mmHg), hyperTG
(> 1,7 mmol/l), decreased levels of low-density lipo-
proteins (LDL) (3,0 mmol/U}, fasting hyperglycemia
(> 6,1 mmol/l). Age characteristics of the groups are
presented in Table 1.

Exclusion criteria were: exacerbation of any chron-
ic condition, age< 18 years and>45 years, pregnancy.

TG levels were considered normal if<1,7 mmol/l
(low CVD risk), intermediate — 1,7-2,2 mmol/l (mod-
erate risk) and high —>2,3 mmol/L.

Molecular genetic testing was performed in
the Research Institute of Internal and Preventive
Medicine—an affiliated center of The Federal
Research Center Institute of Cytology and Genetics,
Siberian Branch of the Russian Academy of Sciences.
DNA was isolated from venous blood using the phe-
nol-chloroform extraction technique. Gene polymor-
phisms were assessed using the polymerase chain
reaction (PCR] with various restrictive fragments
length [5]. We studied the following gene polymor-
phisms: rs1378942, CSK gene; rs1801133 (C677T)
MTHFR gene; ITGA2B gene; rs7903146 TCF7L2 gene;
rs1799752 ACE gene.
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Table 1. Age characteristics of the groups

Non-native population,
n=601 Native population,
Urban population, Rural population, n= 282
Parameters n=247 =354
MS, No MS, MS, No MS, MS, No MS,
n=211 n=36 n=294 n=60 n=244 n=38
Men 84 19 92 16 62 14
Age, years 37,6+ 0,0009 36,5+ 0,0001 37,4+ 0,0008 39,9+ 0,001 35,0+ 0,0001 37,9+ 0,003
Women 127 17 202 A 182 24
Age, years 35,7+ 0,0002 39,440,004 36,40,0004 37,5+ 0,003 36,11 0,0004 39,0+ 0,0001
Note. MS — metabolic syndrome.
Table 2. The prevalence of hypertriglyceridemia in patients with MS
Parameters Men, n=238 Women, n=511 All
n % n % n %
Cit MS 62 73,8 99 78,0 161 76,3
Y mmol/l 2,83+ 0,04 2,75+ 0,05 2,79+ 0,05
Rural area MS 73 | 79.3 168 | 832 241 | 820
mmol/l 2,67+ 0,02 2,75+ 0,003 2,71+ 0,01
MS 45 72,6 138 75,8 183 75,0
The Khanty | - | - | -
mmol/l 2,77+ 0,03 2,70+ 0,004 2,74+ 0,02
AL MS 180 | 75.6 405 | 73 585 | 78,1
mmol/l 2,76+ 0,03 2,73+ 0,019 2,75+ 0,02

Statistical analysis was performed using the SPSS
16.0 software. First, we assessed the frequencies of
genotypes and alleles of the polymorphisms of inter-
est in patients with MS and in control group. Secondly,
we checked in the genotype frequencies followed the
Hardy-Weinberg equilibrium using the y?2 test. The
risk of MS in the presence of a specific allele was cal-
culated as the odds ratio (OR) using the Fisher ex-
act test and Pearson’s chi-squared test. Confidence
interval (Cl) was also calculated. P<0,05 was consid-
ered statistically significant [5].

Informed consents were obtained prior to partici-
pation.

Results

The prevalence of hyperTG was 66,6% (n=588];
78,1% (n=585] in patients with MS and 2,2% in in-
dividuals without MS. In healthy participants 3 indi-
viduals who lived in rural area (2 men and 1 wom-
en) and high levels of TG (m=1,9+0,001 mmol/l. In
some non-native patients with MS the prevalence of
hyperTG was by 4,6 % higher compared with the na-
tives— 79,6 % (n=402) and 75,0% (n=183), respec-
tively. The prevalence of hyperTG in rural population
was by 5,7 % higher than in the participants with MS
who lived in the urban areas and by 7,0% higher
than in the natives. HyperTG was also more prev-
alent in women (by 3,7%]) in general and in some
women living in rural areas (83,2 %] (Table 2). Mean

levels of TG in all groups were 2,75+ 0,02 mmol/l
(Table 2).

More than a half of all patients with MS (56,2 %,
n=421) had higher mean levels of TG (>2,3 mmol/l)
that were associated with high risks of coronary ar-
tery disease (CAD). Non-native participants the prev-
alence of hyperTG>2,3 mmol/l was 58,8% (n=297) —
8,0% higher than in native people (50,8%, n=124).
Intermediate levels of TG were identified overall in
21,9%. Of those, 29,8% were non-natives, and 24,2%
were natives. TG<1,7 mmol/l were present in 25,0%
of native and in 20,4 % non-natives (Figure 1).

We have investigated intergenic associations of
mononucleotide rs1378942 polymorphisms of CSK
gene, rs1801133 (C677T) polymorphisms of MTHFR
genes, TCF7L2 genes, rs7903146 ITGA2B genes,
rs1799752 polymorphisms of ACE genes and their
prevalence in patients with MS. The results of the
genotypes and polymorphism alleles prevalence
analysis in patients with MS are presented in Table
3. In most patients with MS hyperTG was associated
with heterozygous TG variations of of mononucleo-
tide rs1378942 polymorphism of CSK gene (n=278,
50,7%) (OR 1,676, 95% Cl 1,268-2,214, p=0,142),
heterozygous rs1799752 variant of gene ACE (n=286,
52,2%) (OR—0,754, 95% CI 0,571-0,997, p=0,142).
Mutations in G allele of CKS gene were identified in
45,3% of cases (OR—1,210, 95% AW 0,009-0,086,
p=0,027) and D allele in ACE gene in 52,6 % of cases
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Figure 1. Coronary artery disease risks and mean triglyceride levels in patients with metabolic syndrome

(OR—0,903, 95% OW 0,689-0,964, p=0,086). In pa-
tients with co-existent abdominal obesity and hyper-
TG heterogenous ID genotypes of ACE, ITGAZB gene,
homozygous CC genotypes of TCF7L2 and MTHFR
genes, heterozygous phenotype TG of CSK (47,4 %),
that were most prevalent in female rural (31,7 %) and
native (22,3 %) population. The combination of mutant
alleles in the homozygous genotypes of all the genes
that we studied were identified in 31 patients with MS
(5,7%). The prevalence was the same in urban and
rural residents (22,6 % respectively). The combina-
tions of homozygous genotypes of ITGA2B and ACE,
homozygous genotypes TT of CSK gene, heterozygous
CT variants in MTHFR and TCF7L2 were identified in
26,4% patients with MS (n=145). They were present
in more rural residents (32,4 %) and native residents
(22,8 %) (Table 3).

Discussion

High prevalence of hyperTG in patients with MS
(78,1 %) that we identified in our study is confirmed by
other authors (80 %) [6].

Genetic causes of lipid imbalance such as hyperTG
involve mutations of genes encoding metabolism and
homeostasis.

Mutations of genes that play a role in the devel-
opment of hyperglycemia and insulin resistance are
the main cause of MS. Insulin resistance in obesity

causes increased production of very-low-density li-
poprotein (VLDL) and TG because of high levels of free
fatty acids that activate insulin-dependent tissues.
The insulin receptoris a type of tyrosine kinase recep-
tor that triggers autophosphorylation of the tyrosine
residues [7]. Insulin binds to the extracellular alpha
subunit, and in the process stimulates the autophos-
phorylation of the beta subunit and the expression of
tyrosine kinase activity [7]. Tyrosine-protein kinase
phosphorylates tyrosine residues [8]. TCF7L2 gene
inhibits liver gluconeogenesis and pancreatic beta-
cell proliferation and causes hyperglycemia [9, 10]. A
few studies have confirmed the association between
T2D and mononucleotide rs7903146 polymorphisms
of TCF7L2 genes [11].

Insulin is known to increase production of endo-
thelial NO, canal sodium reabsorption and angioten-
sin-converting enzyme production and, therefore,
vasodilation. Obesity and hyperinsulinemia are as-
sociated with increased sympathetic activation and
RAAS activity that causes rise in blood pressure [12].
Angiotensive peptides are present in all cells and
tissues and have local effects on RAAS. Activation
of RAAS leads to decreased satiety, less weight loss
and increased adipocyte proliferation causing obesity
and lipid imbalance [13, 14]. Uchiyama et al [15] have
shown that angiotensin Il reduces lipoprotein lipase
expression in visceral adipose tissue.



Korneeva E.V. et all. Genetic determinants of hypertriglyceridemiaand cardiometabolic risks 7

Table 3. Mononucleotide polymorphisms in patients with MS and hypertriglyceridemia

Polymorphism Genotype n % OR, 95%Cl, p
66 109 19.9
ek 76 278 50,7 1,676, 1,268-2,214, p=0,142
7
ele y
S, o % 1,210, 0,009-0,086, p=0,027
cc 288 52,6
THER cT 201 36,7 0,163, 0,077-0,147, p=0,107
rs1801133 (C677T) Il 58 10,6
Allele C 777 710
IS T 20 0,408, 0,138-0,200, p=0,094
0D 76 139
D 260 n 0,178, 0,133-0,239, p=0,150
ITGA2B I 212 38,7
Allele D 412 376
o] ™ o 0,363, 0,305-0,431, p=0,088
cc 347 63,3
oL cT 170 31,0 0,060, 0,023-0,052, p=0,205
rs7903146 il 31 57
Allele C 864 78,8
S o 2 0,269, 0,059-0,089, p=0,072
0D 17 24
D 286 52,2 0,754, 0,571-0,997, p=0,142
ACE I 145 24
rs1799752 :
Allele D 220 . 0,903, 0,689-0,964, p=0,086
Allele | 576 v

Note. CSK— C-terminal Src kinase gene, MTHFR — Methylenetetrahydrofolate reductase, ITGA2B — Integrin Subunit Alpha 2b, TCF7L2 —
Transcription Factor 7 Like 2, ACE —angiotensin converting enzyme gene.

Insulin resistance in MS increases thrombogenesis
and changes blood rheology and, therefore, has toxic
effects on vascular wall. ITGA2B and MTHFR cause
these effects. It leads to hyperhomocysteinemia and
atherosclerotic changes in vascular wall.

The genes that we described in the current paper
play a role in the development of hypeTG and MS and,
therefore, their mutations predispose to cardiometa-
bolic syndrome.
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