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Abstract. The aim of the study was to evaluate the frequency of carrier allelic variants of polymorphic loci of genes 
predisposing to overweight and type 2 diabetes mellitus, depending on the gestation period of a premature 
newborn. The study design is prospective, controlled, single — center, non-randomized. Genomic DNA samples 
were studied in newborns with extremely low body weight (ELBW) and gestational age <28 weeks (n=95), 
premature newborns (РN) with gestational age >28 and <34 weeks (n=105), as well as a population sample 
of adults (n=100). For the analysis, we selected loci with a well — known association with the development of 
overweight and type 2 diabetes — ADRB2 (rs1042713) and (rs1042714), ADRB3 (rs4994), GNB3 (rs5443), PPARA 
(rs4253778), PPARD (rs2016520), TCF7L2_IVS3 (rs7903146) and TCF7L2_IVS4 (rs12255372), PPARGC1A (rs8192678), 
MTHFR (rs1801131), PPARG (rs1801282), MTNR1B (rs10830963), SIRT1 (rs7069102). The distribution of allele 
frequencies between the study groups was compared. PN are signifi cantly more likely to be carriers of the A allele 
and the AA genotype of the rs8192678 locus in the PPARGC1A gene. In newborns with ELBW, we additionally 
revealed a more frequent occurrence of the C allele and the CC genotype of the rs4253778 locus in the PPARA 
gene. It is established newborns with ELBW are more frequent carriers of rare allelic variants of genes predisposing 
to metabolic syndrome
Key words: premature newborns, metabolic syndrome, hereditary predisposition, gene polymorphism
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INTRODUCTION
Incidence of preterm birth has increased sig-

nifi cantly over the past 50 years and now aff ects 
nearly 11% of all newborns [1]. During the same 
period, medical advances have led to a signifi cant 
improvement in the survival rate. Currently, more 
than 95% of premature neonates receiving mo-
dern neonatal and pediatric care survive to adult-
hood [2, 3]. Consequently, an unprecedented 
number of preterm birth survivors are now tran-
sitioning to adulthood each year (>10 million per 
year worldwide) [4]. This trend will have growing 
clinical importance. Therefore, clinicians who pro-
vide adult health care will increasingly encounter 
patients having undergone preterm birth. From 
this perspective, particularly, mechanisms and 
predictors of metabolic syndrome (MS), with obe-
sity, arterial hypertension, and type 2 diabetes 
mellitus as its main manifestations, are being ac-
tively studied [5].

The genetic basis of MS predisposition has 
been poorly examined so far. There is evidence 
that predisposition to the disease may have he-

reditary nature. Although the clinical relevance of 
presumed genetic markers still requires convin-
cing confi rmation [6–8].

AIM
The aim of the research was to evaluate the fre-

quency of carrying allelic variants of genes predis-
posing to overweight and type 2 diabetes mellitus 
in preterm newborns depending on gestational 
age.

MATERIALS AND METHODS
Research design: prospective, controlled, sin-

gle-center, non-randomized. The research was 
performed on the base of the Republican Clinical 
Perinatal Center of the Republic of Bashkortostan 
in the period from 01.02.2019 to 01.03.2020. The 
research was approved by the ethical commit-
tee of the State Budgetary Institution "Republi-
can Children's Clinical Hospital" of the Ministry of 
Health of the Republic of Bashkortostan (Protocol 
No. 9 of 21.01.2019).
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Резюме. Цель работы — оценка частоты носительства аллельных вариантов полиморфных локусов генов 
предрасположенности к ожирению и сахарному диабету 2-го типа в зависимости от срока гестации не-
доношенного новорожденного. Дизайн исследования: проспективное, контролируемое, одноцентровое, 
нерандомизированное. Изучались образцы ДНК у новорожденных с экстремально низкой массой тела 
(ЭНМТ) и гестационным возрастом <28 недель (n=95), недоношенных новорожденных (НН) с гестационным 
возрастом >28 и <34 недель (n=105), и популяционной выборки взрослых (n=100). Для анализа были вы-
браны локусы с уже известной ассоциацией к развитию ожирения и сахарного диабета 2-го типа — ADRB2 
(rs1042713) и (rs1042714), ADRB3 (rs4994), GNB3 (rs5443), PPARA (rs4253778), PPARD (rs2016520), TCF7L2_IVS3 
(rs7903146) и TCF7L2_IVS4 (rs12255372), PPARGC1A (rs8192678), MTHFR (rs1801131), PPARG (rs1801282), MTNR1B 
(rs10830963), SIRT1 (rs7069102). Проводилось сравнение распределения частот аллелей между исследу-
емыми группами пациентов. НН достоверно чаще являются носителями аллеля A и генотипа AA локуса 
rs8192678 гена PPARGC1A. У новорожденных с ЭНМТ дополнительно выявлена более частая встречаемость 
аллели С и генотипа СС локуса rs4253778 гена PPARA. Установлено, что новорожденные с ЭНМТ являются 
более частыми носителями редких аллельных вариантов генов предрасположенности к метаболическому 
синдрому.
Ключевые слова: недоношенные новорожденные, метаболический синдром, наследственная предраспо-
ложенность, полиморфизм генов
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Genomic DNA samples were collected from 
neonates with extremely low birth weight (ELBW) 
below 1000 g and gestational age of 28 weeks 
or less (ELBW group; n=95); premature neonates 
(PN) with low birth weight less than 2000 g but 
more than 1000 g and gestational age less than 34 
weeks but more than 28 weeks (PN group; n=105), 
as well as a population sample of adults from the 
Republic of Bashkortostan (control, n=100) (Tab-
le 1). 

Molecular genetic tests were performed at the 
Center of Molecular Medicine of Bashkir State Uni-
versity, Ufa. DNA samples (repeats) isolated from 
peripheral blood lymphocytes of the exa mined 
neonates served as a material for the tests. The 
quality and quantity of isolated genomic DNA 
were examined using a Qubit 3.0 fl uorimeter 
(Invitrogen, USA). Amplifi cation was performed 
using reagent kits from Syntol, Russia, on a CFX96 
Touch Real Time System detection amplifi er 
(BioRad, USA). All loci were genotyped by real-time 
polymerase chain reaction (PCR) in the presence 
of fl uorescent probes using Taqman technology 
according to the manufacturer's protocol (Syntol 
LLC, Russia).

The loci which are associated with develop-
ment of MS (overweight, hyperglycemia) were 
selected for analysis: the beta-2-adrenergic re-
ceptor gene  — ADRB2 (rs1042713) and ADRB2 
(rs1042714), the beta-3-adrenergic receptor 
gene — ADRB3 (rs4994), guanine nucleotide-bin-
ding protein beta-3 — GNB3 (rs5443),  peroxisome 
proliferator-activated receptor gene  — PPARA 
(rs4253778), peroxisome proliferator-activated re-
ceptor protein delta gene — PPARD (rs2016520), 
T-cell transcription factor 4 gene — TCF7L2_IVS3 
(rs7903146) and TCF7L2_IVS4 (rs12255372), pero-
xisome proliferator-activated receptor gamma co-
activator 1-alpha gene — PPARGC1A (rs8192678), 
methylenetetrahydrofolate reductase gene  — 
MTHFR (rs1801131), peroxisome prolifera-
tor-activated receptor gamma gene  — PPARG 

(rs1801282), melatonin receptor 1B gene  — 
MTNR1B (rs10830963), Sirtuin 1 gene  — SIRT1 
(rs7069102).

Statistical analysis was performed according to 
the “case-control” type: where “case” is a sample 
of ELBW or PN, “control” is a population sample. 
The distribution of allele and genotype frequen-
cies between the studied groups of individuals 
was compared.

Hardy–Weinberg equilibrium conditions were 
fulfi lled for all polymorphic loci studied for both 
cases and controls. The χ2 method was used to 
calculate associations. Inheritance was estimated 
using a multiplicative model. If there were statis-
tically signifi cant diff erences in the distribution 
of allele and genotype frequencies between the 
study groups, calculations for the dominant and 
recessive models were also performed.

RESULTS
The results of the analysis of allele and 

genotype frequency distribution of polymorphic 
loci of metabolic syndrome (MS) predisposition 
genes in the preterm neonates are presented in 
Table 2.

No statistically signifi cant diff erences between 
groups (p >0.05) in polymorphic loci distribution 
frequencies was shown for ADRB2 (rs1042713, 
rs1042714).

In addition, no statistically signifi cant diff e-
rences between groups (p >0.05) in polymorphic 
loci distribution frequencies was shown for genes 
polymorphic loci ADRB3 (rs4994), GNB3 (rs5443), 
PPARA (rs4253778), PPARD (rs2016520), TCF7L2 
(rs7903146) and TCF7L2 (rs12255372), MTHFR 
(rs1801131), MTNR1B (rs10830963) and SIRT1 
(rs7069102).

No signifi cant diff erences between the groups 
were also found in allele frequency distribution 
of the polymorphic locus PPARG (rs1801282). 
However, according to the dominant inheritance 
mo del, it was shown that the GG genotype was 

Table 1. Demographic characteristics of the studied groups of children

Таблица 1. Демографические характеристики исследуемых групп детей

Показатель / Indicator Экстремально низкая масса тела / Ex-
tremely low body weight (n=95)

Недоношенные новорожденные / 
Premature newborns (n=105)

Вес, г 874,7±181,86 1486,54±482,31

Рост, см 33,55±3,33 43,32±5,14

Гестационный возраст, недели 26,79±1,39 32,23±2,39
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Table 2. Comparative analysis of the distribution of allele frequencies of polymorphic loci of susceptibility genes to metabolic 
syndrome in the studied premature infants

Таблица 2. Сравнительный анализ распределения частот аллелей полиморфных локусов генов предрасположен-
ности к метаболическому синдрому у исследуемых недоношенных детей

Аллели / Alleles
Случаи / 

Cases
(n=105)

Контроль / 
Control
(n=100)

χ2 p
Отношение шансов / Odds 

ratio

значение 95% ДИ / 95% CI

Аллель A rs1042713 в гене ADRB2 /
 Allele A rs1042713 in the ADRB2 gene

0.437 0.429 0.03 0.85 1.03 0.73–1.46

Аллель G rs1042713 в гене ADRB2 / 
Allele G rs1042713 in the ADRB2 gene

0.563 0.571 0.97 0.69–1.37

Аллель C rs1042714 в гене ADRB2 / 
Allele C rs1042714 in the ADRB2 gene

0.619 0.616 0.00 0.95 1.01 0.71–1.44

Аллель G rs1042714 в гене ADRB2 / 
Allele G rs1042714 in the ADRB2 gene

0.381 0.384 0.99 0.70–1.41

Аллель T rs4994 в гене ADRB3 / 
Allele T rs4994 in the ADRB3 gene

0.837 0.875 1.52 0.22 0.73 0.45–1.20

Аллель C rs4994 в гене ADRB3 / 
Allele C rs4994 in the ADRB3 gene

0.163 0.125 1.37 0.83–2.25

Аллель T rs5443 в гене GNB3 / 
Allele T rs5443 in the GNB3 gene

0.321 0.290 0.59 0.44 1.16 0.80–1.68

Аллель C rs5443 в гене GNB3 / 
Allele C rs5443 in the GNB3 gene

0.679 0.710 0.87 0.60–1.25

Аллель G rs4253778 в гене PPARA / 
Allele G rs4253778 in the PPARA gene

0.817 0.866 2.16 0.14 0.69 0.42–1.13

Аллель C rs4253778 в гене PPARA / 
Allele C rs4253778 in the PPARA gene

0.183 0.134 1.45 0.88–2.37

Аллель A rs2016520 в гене PPARD / 
Allele A rs2016520 in the PPARD gene

0.829 0.821 0.05 0.82 1.05 0.67–1.65

Аллель G rs2016520 в гене PPARD / 
Allele G rs2016520 in the PPARD gene

0.171 0.179 0.95 0.60–1.49

Аллель C rs7903146 в гене TCF7L2 / 
Allele C rs7903146 in the TCF7L2 gene

0.800 0.788 0.12 0.73 1.08 0.70–1.65

Аллель T rs7903146 в гене TCF7L2 / 
Allele T rs7903146 in the TCF7L2 gene

0.200 0.212 0.93 0.61–1.42

Аллель G rs12255372 в гене TCF7L2 /
Allele G rs12255372 in the TCF7L2 gene

0.801 0.832 0.83 0.36 0.81 0.52–1.27

Аллель T rs12255372 в гене TCF7L2 / 
Allele T rs12255372 in the TCF7L2 gene

0.199 0.168 1.23 0.79–1.93

Аллель G rs8192678 в гене PPARGC1A / 
Allele G rs8192678 in the PPARGC1A gene

0.608 0.730 8.69 0.003 0.57 0.40–0.83

Аллель A rs8192678 в гене PPARGC1A / 
Allele A rs8192678 in the PPARGC1A gene

0.392 0.270 1.74 1.20–2.53

Аллель A rs1801131 в гене MTHFR / 
Allele A rs1801131 in the MTHFR gene

0.659 0.655 0.01 0.93 1.02 0.71–1.46

Аллель C rs1801131 в гене MTHFR / 
Allele C rs1801131 in the MTHFR gene

0.341 0.345 0.98 0.69–1.41

Аллель С rs1801282 в гене PPARG / 
Allele C rs1801282 in the PPARG gene

0.816 0.813 0.01 0.92 1.02 0.66–1.58

Аллель G rs1801282 в гене PPARG / 
Allele G rs1801282 in the PPARG gene

0.184 0.187 0.98 0.63–1.52
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Ending of the table 2  / Окончание табл. 2 

Аллели / Alleles
Случаи / 

Cases
(n=105)

Контроль / 
Control
(n=100)

χ2 p
Отношение шансов / Odds 

ratio

значение 95% ДИ / 95% CI

Аллель C rs10830963 в гене MTNR1B / 
Allele C rs10830963 in the MTNR1B gene

0.671 0.670 0.00 0.98 1.00 0.70–1.44

Аллель G rs10830963 в гене MTNR1B / 
Allele G rs10830963 in the MTNR1B gene

0.329 0.330 1.00 0.69–1.43

Аллель C rs7069102 в гене SIRT1 / 
Allele C rs7069102 in the SIRT1 gene

0.441 0.413 0.29 0.59 1.12 0.74–1.69

Аллель G rs7069102 в гене SIRT1 / 
Allele G rs7069102 in the SIRT1 gene

0.559 0.587 0.89 0.59–1.35

Table 3. Comparative analysis of the distribution of allele frequencies of polymorphic loci of susceptibility genes to metabolic 
syndrome in studied newborns with extremely low body weight

Таблица 3. Сравнительный анализ распределения частот аллелей полиморфных локусов генов предрасположен-
ности к метаболическому синдрому у исследуемых новорожденных с экстремально низкой массой тела

Аллели / Alleles
Случаи / 

Cases
(n=95)

Контроль / 
Control
(n=100)

χ2 p
Отношение шансов / 

Odds ratio

значение 95% ДИ / 95% CI

Аллель A rs1042713 в гене ADRB2 / 
Allele A rs1042713 in the ADRB2 gene

0.437 0.429 0.02 0.88 1.03 0.69–1.54

Аллель G rs1042713 в гене ADRB2 / 
Allele G rs1042713 in the ADRB2 gene

0.563 0.571 0.97 0.65–1.45

Аллель C rs1042714 в гене ADRB2 / 
Allele C rs1042714 in the ADRB2 gene

0.622 0.616 0.02 0.9 1.03 0.68–1.55

Аллель G rs1042714 в гене ADRB2 / 
Allele G rs1042714 in the ADRB2 gene

0.378 0.384 0.97 0.65–1.47

Аллель T rs4994 в гене ADRB3 / 
Allele T rs4994 in the ADRB3 gene

0.837 0.875 1.52 0.22 0.73 0.45–1.20

Аллель C rs4994 в гене ADRB3 / 
Allele C rs4994 in the ADRB3 gene

0.163 0.125 1.37 0.83–2.25

Аллель T rs5443 в гене GNB3 / 
Allele T rs5443 in the GNB3 gene

0.340 0.290 1.14 0.29 1.26 0.82–1.94

Аллель C rs5443 в гене GNB3 / 
Allele C rs5443 in the GNB3 gene

0.660 0.710 0.79 0.52–1.22

Аллель G rs4253778 в гене PPARA / 
Allele G rs4253778 in the PPARA gene

0.763 0.866 6.23 0.01 0.50 0.29–0.87

Аллель C rs4253778 в гене PPARA / 
Allele C rs4253778 in the PPARA gene

0.237 0.134 2.01 1.15–3.50

Аллель A rs2016520 в гене PPARD / 
Allele A rs2016520 in the PPARD gene

0.858 0.821 0.95 0.33 1.31 0.76–2.27

Аллель G rs2016520 в гене PPARD / 
Allele G rs2016520 in the PPARD gene

0.142 0.179 0.76 0.44–1.32

Аллель C rs7903146 в гене TCF7L2 / 
Allele C rs7903146 in the TCF7L2 gene

0.805 0.788 0.16 0.69 1.11 0.67–1.84

Аллель T rs7903146 в гене TCF7L2 / 
Allele T rs7903146 in the TCF7L2 gene

0.195 0.212 0.90 0.54–1.50

Аллель G rs12255372 в гене TCF7L2 / 
Allele G rs12255372 in the TCF7L2 gene

0.800 0.832 0.64 0.42 0.81 0.48–1.36

Аллель T rs12255372 в гене TCF7L2 / 
Allele T rs12255372 in the TCF7L2 gene

0.200 0.168 1.23 0.74–2.07
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Ending of the table 3 / Окончание табл. 3

Аллели / Alleles
Случаи / 

Cases
(n=95)

Контроль / 
Control
(n=100)

χ2 p
Отношение шансов / 

Odds ratio

значение 95% ДИ / 95% CI

Аллель G rs8192678 в гене PPARGC1A /
Allele G rs8192678 in the PPARGC1A gene

0.626 0.730 4.81 0.03 0.62 0.40–0.95

Аллель A rs8192678 в гене PPARGC1A / 
Allele A rs8192678 in the PPARGC1A gene

0.374 0.270 1.61 1.05–2.48

Аллель A rs1801131 в гене MTHFR / 
Allele A rs1801131 in the MTHFR gene

0.632 0.655 0.23 0.63 0.90 0.60–1.37

Аллель C rs1801131 в гене MTHFR / 
Allele C rs1801131 in the MTHFR gene

0.368 0.345 1.11 0.73–1.68

Аллель С rs1801282 в гене PPARG / 
Allele C rs1801282 in the PPARG gene

0.796 0.813 0.19 0.67 0.90 0.54–1.48

Аллель G rs1801282 в гене PPARG / 
Allele G rs1801282 in the PPARG gene

0.204 0.187 1.12 0.67–1.85

Аллель C rs10830963 в гене MTNR1B / 
Allele C rs10830963 in the MTNR1B gene

0.671 0.670 0.00 0.98 1.00 0.70–1.44

Аллель G rs10830963 в гене MTNR1B / 
Allele G rs10830963 in the MTNR1B gene

0.329 0.330 1.00 0.69–1.43

Аллель C rs7069102 в гене SIRT1 / 
Allele C rs7069102 in the SIRT1 gene

0.458 0.413 1.00 0.32 1.20 0.84–1.71

Аллель G rs7069102 в гене SIRT1 / 
Allele G rs7069102 in the SIRT1 gene

0.542 0.587 0.83 0.58–1.19

signifi cantly less frequent among PN than in con-
trols (0.5% vs 4.0%)  — χ2=4.92; p=0.03; OR 0.12; 
95% CI 0.01–1.10.

At the same time, there were statistically sig-
nifi cant diff erences in the distribution of allele 
frequencies (p=0.0003) of the polymorphic lo-
cus rs8192678 in the PPARGC1A gene between 
samples of preterm newborns and controls. The 
G allele and the GG genotype (according to the 
dominant inheritance model) appeared to be sig-
nifi cantly less frequent among preterm infants 
(60.8% vs 73% and 43.2% vs 56.0%, respective-
ly) — χ2=8.69; p=0.003; OR 0.57; 95% CI 0.40–0.83 
and χ2=6.15; p=0.04; OR 0.60; 95% CI 0.37–0.97. 
Whereas the A allele and AA genotype, according 
to the recessive inheritance model, were signifi -
cantly more frequent among preterm neonates 
than the population average, χ2=8.69; p=0.003; 
RR 1.74; 95% CI 1.20–2.53 and χ2=6.15; p=0.01; RR 
2.48; 95% CI 1.19–5.18.

Analysis of allele frequency distribution of 
polymorphic loci of the above-mentioned genes 
among neonates with extremely low body weight 
are presented in Table 3.

No signifi cant diff erences between groups 
(p >0.05) were found in the allele and geno-
type frequency distribution of polymorphic lo-

cus in genes ADRB2 (rs1042714), ADRB3 (rs4994), 
PPARD (rs2016520), TCF7L2 (rs7903146), and TC-
F7L2 (rs12255372), MTHFR (rs1801131), PPARG 
(rs1801282), MTNR1B (rs10830963) and SIRT1 
(rs7069102).

At the same time, there were found statistical-
ly significant differences in the distribution of al-
lele frequencies (p=0.01) and genotype frequen-
cies (0.03) of the polymorphic locus rs4253778 
in the PPARA gene between the samples of ne-
onates with ELBW and the comparison group. 
The G allele and the GG genotype (according to 
the dominant inheritance model) appeared to 
be significantly less frequent among ELBW than 
in controls (76.3% vs 86.6% and 55.1 vs 74.2%, 
respectively)  — χ2=6.23; p=0.01; OR 0.5; 95% CI 
0.29–0.87 and χ2=7.00; p=0.008; OR 0.43; 95% CI 
0.23–0.81. The C allele was more frequently de-
tected among ELBW, χ2=6.23; p=0.01; OR 2.01; 
95% CI 1.15–3.50.

There were revealed statistically signifi cant 
diff erences in the allele frequency distribution 
(p=0.03) of the polymorphic locus rs8192678 in 
the PPARGC1A gene between the samples of ELBW 
and controls. The G allele was signifi cantly less 
frequent among ELBW than in the control group 
(62.6% vs 73.0%) — χ2=4.81; p=0.03; OR 0.62; 95% 
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CI 0.40–0.95. Whereas the A allele was signifi cantly 
more frequently detected among ELBW than the 
population average (37.4% vs 27.0%) — χ2=4.81; 
p=0.03; OR 1.61; 95% CI 1.05–2.48.

DISCUSSION
The study is devoted to the search for genetic 

risk factors of metabolic syndrome development 
which are associated with prematurity. Preterm 
infants are signifi cantly more likely to carry al-
lele A and homozygous genotype AA of the pol-
ymorphic locus in PPARGC1A (rs8192678). The 
gene is responsible for the production of protein 
coactivator 1-alpha-receptor, which is involved in 
the metabolism of muscle tissues, fats and carbo-
hydrates [11]. 

Allele C and genotype CC of the polymorphic 
locus rs4253778 in the PPARA gene were also sig-
nifi cantly more frequent in ELBW. PPARα receptor 
is one of the subtypes of cell nucleus receptors ac-
tivated by Peroxisome Proliferator Activated Re-
ceptor (PPAR), which regulates lipid metabolism 
in the liver and skeletal muscles, as well as glucose 
homeostasis [9].

To some extent, the data obtained may indi-
cate that premature newborns have some genetic 
predisposition to the development of metabo-
lic syndrome. Moreover, this is more signifi cant 
when the gestational age is less than 28 weeks. 
A number of independent studies conducted in 
recent years confi rm our data [10–12].

The research has a few methodological limi-
tations. These are, fi rst of all, the relatively small 
number of patients, single-center design and lack 
of randomization. Another limitation is the fact 
that it was a single-stage study and not a longitu-
dinal one. Therefore, the signifi cance of the iden-
tifi ed risk factors for metabolic syndrome remains 
relatively uncertain.

CONCLUSION
The research demonstrated that neonates 

with  extremely low birth weight, in contrast to 
premature neonates with normal body weight, 
as a rule, carry a greater number of rare alleles 
of genes predisposing to metabolic syndrome, 
which may increase the risk of developing MS in 
adulthood.

The presented data allows us to assume that 
the impact of unfavorable environmental factors 
in development of MS may have a greater eff ect in 
neonates with ELBW. Moreover, individuals born 
earlier than 28 weeks of gestation are more pre-

disposed to MS due to genetic risks, in addition 
to the factors described in the framework of the 
“fetal programming” theory.
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