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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 (PN) 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), PPARGCTA (rs8192678),
MTHFR (rs1801131), PPARG (rs1801282), MTNR1B (rs10830963), SIRT1 (rs7069102). The distribution of allele
frequencies between the study groups was compared. PN are significantly more likely to be carriers of the A allele
and the AA genotype of the rs8192678 locus in the PPARGCTA 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. ltis established newborns with ELBW are more frequent carriers of rare allelic variants of genes predisposing
to metabolic syndrome
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B3SAMMOCBA3b TEECTALMOHHOIO BO3PACTA HEAOHOLWUEHHOIO
HOBOPOXOEHHOIO C HACNEACTBEHHOM NPEAPACNONOMEHHOCTbIO
K METABOJIMHECKOMY CUHOPOMY

Yactb Il. Accoumaumm moneKkynsapHo-reHeTu4eCKnX npeanKkTopos
n36bITOYHO MACCbl TeJla U caxapHoro gnabeTta 2-ro Tmna
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Pestome. Llenb paboTbl — OLleHKa YacTOTbl HOCUTENbCTBA aieNbHbIX BapMaHTOB NOIMMOPPHbIX TOKYCOB reHOB
NpeapacrnonoXeHHOCTN K OXKMPEHWIO U caxapHOMY AuabeTty 2-ro Tuna B 3aBUCMMOCTY OT CpOKa rectauuun He-
[OHOLLUEHHOro HOBOPOXKAEHHOrO. [1M3aiiH nccnefoBaHWA: MPOCNEKTUBHOE, KOHTPOIMPYEMOE, OHOLEHTPOBOE,
HepaHAoMKM3npoBaHHoe. M3yuyanncb o0bpasubl JHK y HOBOPOXAEHHbIX C SKCTPeMasnbHO HU3KOW Maccon Tena
(OHMT) 1 rectauMoHHbIM BO3pacTom <28 Hefenb (N=95), HeAOHOLIEHHbIX HOBOPOXKAEeHHbIX (HH) ¢ rectaumoHHbIM
BO3pacTom >28 n <34 Hegenb (n=105), 1 NonynAUMOHHON BbI6opKK B3pocbix (n=100). ina aHanm3a 6b1in Bbl-
6GpaHbl JIOKYCbI C y»<e N3BECTHOM accoLmaLen K pa3BrUTHIO OXKMPEHWA 1 caxapHoro anabeta 2-ro Tuna — ADRB2
(rs1042713) n (rs1042714), ADRB3 (rs4994), GNB3 (rs5443), PPARA (rs4253778), PPARD (rs2016520), TCF7L2_IVS3
(rs7903146) u TCF7L2_IVS4 (rs12255372), PPARGCIA (rs8192678), MTHFR (rs1801131), PPARG (rs1801282), MTNR 1B
(rs10830963), SIRTT (rs7069102). poBoAMNOCL CpaBHEHME pacnpefenieHnAa YacToT annenen Mexay uccneapy-
eMbIMK rpynnamMu nauymeHToB. HH JoCToBepHO Yalle ABNATCA HocuTenamu annena A 1 reHotuna AA nokyca
rs8192678 reHa PPARGCTA. Y HoBopoKaeHHbIx ¢ DHMT gononHuTenbHO BbiiBNeHa 6onee Yactaa BCTPEYaeMOCTb
annenu C n reHotuna CC nokyca rs4253778 reHa PPARA. YcTaHOBNEHO, YTO HOBOpO»KAeHHble ¢ SHMT anatotca
6onee YacTbIMV HOCUTENAMM PELKMX alieNlbHbIX BAPUAHTOB FreHOB NPeApPacronoXeHHOCTH K MeTabonnyeckomy
CUHApPOMY.

KnioueBble cnoBa: HeOOHOWEeHHbIe HOBOPO)K@@HHbIe, memabonuyeckuu CUHapOM, HAc/1e0CcmeeHHas npeapacno—
JIOXKEHHOCMb, nonumopd)usm 2eHo8

INTRODUCTION reditary nature. Although the clinical relevance of

Incidence of preterm birth has increased sig-
nificantly over the past 50 years and now affects
nearly 11% of all newborns [1]. During the same
period, medical advances have led to a significant
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-

presumed genetic markers still requires convin-
cing confirmation [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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Table 1. Demographic characteristics of the studied groups of children

Ta6nuua 1. lemorpaduryeckune xapakTepucTuki Uccieayembix rpynn gertei

Moka3satenb / Indicator

DKCTpeMasnbHO HM3Kaa macca Tena / Ex-
tremely low body weight (n=95)

HepoHolweHHble HOBOPOXKAEHHble /
Premature newborns (n=105)

Bec, r 874,7+181,86 1486,54+482,31
PocTt, cm 33,55+3,33 43,32+5,14
[ecTauMOHHbBIN BO3pacT, HeJenu 26,79+1,39 32,23+2,39

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 examined
neonates served as a material for the tests. The
quality and quantity of isolated genomic DNA
were examined using a Qubit 3.0 fluorimeter
(Invitrogen, USA). Amplification was performed
using reagent kits from Syntol, Russia, on a CFX96
Touch Real Time System detection amplifier
(BioRad, USA). All loci were genotyped by real-time
polymerase chain reaction (PCR) in the presence
of fluorescent probes using Tagman 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 — PPARGCIA (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
fulfilled for all polymorphic loci studied for both
cases and controls. The x> method was used to
calculate associations. Inheritance was estimated
using a multiplicative model. If there were statis-
tically significant differences 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 significant differences between
groups (p >0.05) in polymorphic loci distribution
frequencies was shown for ADRB2 (rs1042713,
rs1042714).

In addition, no statistically significant diffe-
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), MTNRI1B (rs10830963) and SIRTI
(rs7069102).

No significant differences between the groups
were also found in allele frequency distribution
of the polymorphic locus PPARG (rs1801282).
However, according to the dominant inheritance
model, it was shown that the GG genotype was
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Table 2. Comparative analysis of the distribution of allele frequencies of polymorphicloci of susceptibility genes to metabolic

syndrome in the studied premature infants

Ta6nuua 2. CpaBHUTENbHbIV aHanu3 pacnpepesieHna YacToT annenei NoMMOpPQHbIX TOKYCOB reHOB NMpefpacronoXeH-
HOCTU K MeTabonnyeckomy CUHAPOMY Y NCCliefyeMbiX HEAOHOLLEHHbIX feTel

OTHowWweHue waHcoB /Odds

Allele G rs1801282 in the PPARG gene

Cnyyan/ | KoHTponb/ ‘
Annenu / Alleles Cases Control X2 p ratio
(n=105) (n=100) 3HauveHue | 95% AW/ 95% Cl
Annenb Ars1042713 B reHe ADRB2 / 0.437 0.429 0.03 0.85 1.03 0.73-1.46
Allele Ars1042713 in the ADRB2 gene
Annenb Grs1042713 B reHe ADRB2 / 0.563 0.571 0.97 0.69-1.37
Allele Grs1042713 in the ADRB2 gene
Annenb Crs1042714 B reHe ADRB2 / 0.619 0.616 0.00 0.95 1.01 0.71-1.44
Allele Crs1042714 in the ADRB2 gene
Annenb G rs1042714 B reHe ADRB2 / 0.381 0.384 0.99 0.70-1.41
Allele G rs1042714 in the ADRB2 gene
Annenb Trs4994 B reHe ADRB3 / 0.837 0.875 1.52 0.22 0.73 0.45-1.20
Allele Trs4994 in the ADRB3 gene
Annenb Crs4994 B reHe ADRB3 / 0.163 0.125 1.37 0.83-2.25
Allele Crs4994 in the ADRB3 gene
Annenb Trs5443 B reHe GNB3 / 0.321 0.290 0.59 0.44 1.16 0.80-1.68
Allele Trs5443 in the GNB3 gene
Annenb Crs5443 B reHe GNB3/ 0.679 0.710 0.87 0.60-1.25
Allele Crs5443 in the GNB3 gene
Annenb Grs4253778 B reHe PPARA / 0.817 0.866 216 0.14 0.69 0.42-1.13
Allele G rs4253778 in the PPARA gene
Annenb Crs4253778 B reHe PPARA / 0.183 0.134 1.45 0.88-2.37
Allele Crs4253778 in the PPARA gene
Annenb A rs2016520 B reHe PPARD / 0.829 0.821 0.05 0.82 1.05 0.67-1.65
Allele A rs2016520 in the PPARD gene
Annenb G rs2016520 B reHe PPARD / 0.171 0.179 0.95 0.60-1.49
Allele G rs2016520 in the PPARD gene
Annenb Crs7903146 B reHe TCF7L2/ 0.800 0.788 0.12 0.73 1.08 0.70-1.65
Allele Crs7903146 in the TCF7L2 gene
Annenb Trs7903146 B reHe TCF7L2/ 0.200 0.212 0.93 0.61-1.42
Allele Trs7903146 in the TCF7L2 gene
Annenb G rs12255372 B reHe TCF7L2 / 0.801 0.832 0.83 0.36 0.81 0.52-1.27
Allele G rs12255372 in the TCF7L2 gene
Annenb Trs12255372 B rene TCF7L2 / 0.199 0.168 1.23 0.79-1.93
Allele Trs12255372 in the TCF7L2 gene
Annenb Grs8192678 B reHe PPARGCIA / 0.608 0.730 8.69 | 0.003 0.57 0.40-0.83
Allele G rs8192678 in the PPARGCIA gene
Annenb Ars8192678 B reHe PPARGCITA / 0.392 0.270 1.74 1.20-2.53
Allele A rs8192678 in the PPARGCTA gene
Annenb Ars1801131 B reHe MTHFR / 0.659 0.655 0.01 0.93 1.02 0.71-1.46
Allele Ars1801131 in the MTHFR gene
Annenb Crs1801131 B rene MTHFR / 0.341 0.345 0.98 0.69-1.41
Allele Crs1801131 in the MTHFR gene
Annenb Crs1801282 B reHe PPARG / 0.816 0.813 0.01 0.92 1.02 0.66-1.58
Allele Crs1801282 in the PPARG gene
Annenb Grs1801282 B reHe PPARG / 0.184 0.187 0.98 0.63-1.52
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Ending of the table 2 / OkoHyaHue ma6sn. 2

Cnyuan/ | KoHtponb/ OTHouweHue waHcos /Odds
Annenwu / Alleles Cases Control X p ratio
(n=105) (n=100) 3HaveHue | 95% AW/ 95% Cl

Annenb Crs10830963 B rene MTNRIB / 0.671 0.670 0.00 0.98 1.00 0.70-1.44
Allele Crs10830963 in the MTNRIB gene
Annenb Grs10830963 B rene MTNRIB / 0.329 0.330 1.00 0.69-1.43
Allele G rs10830963 in the MTNR1B gene
Annenb Crs7069102 B reHe SIRT1/ 0.441 0.413 0.29 0.59 112 0.74-1.69
Allele Crs7069102 in the SIRTT gene
Annenb Grs7069102 B reHe SIRT1 / 0.559 0.587 0.89 0.59-1.35
Allele G rs7069102 in the SIRT1 gene

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

Tabnuua 3. CpaBHUTENbHBIN aHaNU3 pacnpefeneHna YacToT annesieil NoNMMOpP@HbIX JIOKYCOB FeHOB NpeapacnosioxeH-
HOCTU K MeTabonnyeckomy CUHAPOMY Y nccieayeMbiX HOBOPOXAEHHbIX C SKCTPeMasibHO HU3KOI Maccol Tena

Cnyuan/ | Kontponb / OTHolweHe WaHcoB /
Annenu/ Alleles Cases Control NG p Odds ratio
(n=95) (n=100) 3HaueHne | 95% [I1/95% Cl

Annenb Ars1042713 B rene ADRB2 / 0.437 0.429 0.02 0.88 1.03 0.69-1.54
Allele Ars1042713 in the ADRB2 gene
Annenb Grs1042713 B reHe ADRB2 / 0.563 0.571 0.97 0.65-1.45
Allele G rs1042713 in the ADRB2 gene
Annenb Crs1042714 B reHe ADRB2 / 0.622 0.616 0.02 0.9 1.03 0.68-1.55
Allele Crs1042714 in the ADRB2 gene
Annenb G rs1042714 B reHe ADRB2 / 0.378 0.384 0.97 0.65-1.47
Allele G rs1042714 in the ADRB2 gene
Annenb Trs4994 B reHe ADRB3 / 0.837 0.875 1.52 0.22 0.73 0.45-1.20
Allele Trs4994 in the ADRB3 gene
Annenb Crs4994 B reHe ADRB3 / 0.163 0.125 1.37 0.83-2.25
Allele Crs4994 in the ADRB3 gene
Annenb Trs5443 B reHe GNB3 / 0.340 0.290 1.14 0.29 1.26 0.82-1.94
Allele Trs5443 in the GNB3 gene
Annenb Crs5443 B reHe GNB3 / 0.660 0.710 0.79 0.52-1.22
Allele Crs5443 in the GNB3 gene
Annenb G rs4253778 B reHe PPARA / 0.763 0.866 6.23 0.01 0.50 0.29-0.87
Allele G rs4253778 in the PPARA gene
Annenb Crs4253778 B reHe PPARA / 0.237 0.134 2.01 1.15-3.50
Allele Crs4253778 in the PPARA gene
Annenb Ars2016520 B reHe PPARD / 0.858 0.821 0.95 0.33 1.31 0.76-2.27
Allele A rs2016520 in the PPARD gene
Annenb Grs2016520 B reHe PPARD / 0.142 0.179 0.76 0.44-1.32
Allele G rs2016520 in the PPARD gene
Annenb Crs7903146 B reHe TCF7L2 / 0.805 0.788 0.16 0.69 1.1 0.67-1.84
Allele Crs7903146 in the TCF7L2 gene
Annenb Trs7903146 B reHe TCF7L2 / 0.195 0.212 0.90 0.54-1.50
Allele Trs7903146 in the TCF7L2 gene
Annenb G rs12255372 B reHe TCF7L2 / 0.800 0.832 0.64 0.42 0.81 0.48-1.36
Allele G rs12255372 in the TCF7L2 gene
Annenb Trs12255372 B reHe TCF7L2 / 0.200 0.168 1.23 0.74-2.07
Allele Trs12255372 in the TCF7L2 gene
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Ending of the table 3 / OkoHuaHue mab6s. 3

Cnyuan/ | KonTtponb / OTHolweHMe WaHcoB /
Annenwu / Alleles Cases Control X? p Odds ratio
(n=95) (n=100) 3HaueHue | 95% [N/ 95% Cl

Annenb G rs8192678 B reHe PPARGCIA / 0.626 0.730 4.81 0.03 0.62 0.40-0.95
Allele G rs8192678 in the PPARGCITA gene
Annenb Ars8192678 B reHe PPARGCTA / 0.374 0.270 1.61 1.05-2.48
Allele A rs8192678 in the PPARGCTA gene
Annenb Ars1801131 B reHe MTHFR / 0.632 0.655 0.23 0.63 0.90 0.60-1.37
Allele Ars1801131 in the MTHFR gene
Annenb Crs1801131 B reHe MTHFR / 0.368 0.345 1.1 0.73-1.68
Allele Crs1801131 in the MTHFR gene
Annenb Crs1801282 B reHe PPARG / 0.796 0.813 0.19 0.67 0.90 0.54-1.48
Allele Crs1801282 in the PPARG gene
Annenb Grs1801282 B reHe PPARG / 0.204 0.187 112 0.67-1.85
Allele G rs1801282 in the PPARG gene
Annenb Crs10830963 B reHe MTNR1B / 0.671 0.670 0.00 0.98 1.00 0.70-1.44
Allele Crs10830963 in the MTNR1B gene
Annenb G rs10830963 B reHe MTNRI1B / 0.329 0.330 1.00 0.69-1.43
Allele G rs10830963 in the MTNR1B gene
Annenb Crs7069102 B reHe SIRT1 / 0.458 0.413 1.00 0.32 1.20 0.84-1.71
Allele Crs7069102 in the SIRTT gene
Annenb Grs7069102 B reHe SIRTT / 0.542 0.587 0.83 0.58-1.19
Allele G rs7069102 in the SIRTT gene

significantly less frequent among PN than in con-
trols (0.5% vs 4.0%) — x?=4.92; p=0.03; OR 0.12;
95% Cl 0.01-1.10.

At the same time, there were statistically sig-
nificant differences in the distribution of allele
frequencies (p=0.0003) of the polymorphic lo-
cus rs8192678 in the PPARGCTA 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-
nificantly less frequent among preterm infants
(60.8% vs 73% and 43.2% vs 56.0%, respective-
ly) — x?=8.69; p=0.003; OR 0.57; 95% Cl 0.40-0.83
and x?=6.15; p=0.04; OR 0.60; 95% Cl 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, x*=8.69; p=0.003;
RR 1.74; 95% Cl 1.20-2.53 and x?=6.15; p=0.01; RR
2.48;95% Cl 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 significant differences 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), MTNRIB (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) — x?=6.23; p=0.01; OR 0.5; 95% Cl
0.29-0.87 and x?=7.00; p=0.008; OR 0.43; 95% Cl
0.23-0.81. The C allele was more frequently de-
tected among ELBW, x?=6.23; p=0.01; OR 2.01;
95% Cl 1.15-3.50.

There were revealed statistically significant
differences 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 significantly less
frequent among ELBW than in the control group
(62.6% vs 73.0%) — x?>=4.81; p=0.03; OR 0.62; 95%
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Cl10.40-0.95. Whereas the A allele was significantly
more frequently detected among ELBW than the
population average (37.4% vs 27.0%) — x°=4.81;
p=0.03; OR 1.61; 95% Cl 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 significantly more likely to carry al-
lele A and homozygous genotype AA of the pol-
ymorphic locus in PPARGCTA (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-
nificantly more frequent in ELBW. PPARa 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 significant
when the gestational age is less than 28 weeks.
A number of independent studies conducted in
recent years confirm our data [10-12].

The research has a few methodological limi-
tations. These are, first 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 significance of the iden-
tified 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 effectin
neonates with ELBW. Moreover, individuals born
earlier than 28 weeks of gestation are more pre-
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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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AONOJIHUTEJIbHAA UHOOPMALIUA

Bknap aBTopos. [1.Ml. MnpoHoB — KoHUen-
uMa 1 ansanH nccnepoBaHus, obpaboTka maTe-
pviana, HanMcaHve CTaTby, aHanu3 NUTepaTypbl;
t0.C. AnekcaHapoBuY — Habop 1 obpaboTka maTe-
pvana, HanucaHwue ctatbu; A.X. Hyprannesa — Ha-
60p 1 06paboTka maTepunana, HannucaHme cTaTby;
P.P. BanneB — BbINONHEHME TFEHETUYECKUX WUC-
cnefoBaHuMi, obpaboTka MaTepuana, HanvcaHme
CTaTby, aHanu3 nutepatypsbl; A.C. borgaHoBa —
BbIMOJSIHEHNE  TEHEeTUYECKUX  UCCNefOBAHUN;
C.I'. MeTpoBa — BbINOMHEHNE FEHETUYECKMX UC-
cnegoBaHunn; J.K. XyCHYTOMHOBa — peueH3n-
poBaHMEe WUHTENNIEKTYaSIbHOTO  COAEPKMMOTO;
0.0. VBaHOB —peueH3MpoBaHne WHTENNEeKTY-
anbHOro cogep»mMmoro. Bce aBTopbl npounu u
opobpunu GuHanbHyo Bepcuto nepes nybnmka-
unen.

KoHpnukr mHTepecoB. ABTOpbl Aeknapu-
PYIOT OTCYTCTBUE SIBHbIX U MOTEHLMUANBHbBIX KOH-
bNUKTOB NMHTEpEeCoB, CBA3aHHbIX C Nyb6nukaumnen
HacToALeln CTaTbu.

UctouHuk ¢uHaHcmpoBaHma. Pabota nog-
gepaHa MUHUCTepCTBOM HayKu 1 BbiCLIero ob-
pa3oBaHua PO N2 FZWU-2020-0027.
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NHpopmupoBaHHOe cornacue Ha ny6nuka-
yuio. ABTOPbI NMONYYUNIM MUCbMEHHOEe cornacue
NauveHToB Ha Nyb6nuMKauumio MeJUUUHCKUX HaH-
HbIX.

REFERENCES

1. Chawanpaiboon S., Vogel J.P., Moller A.B., Lum-
biganon P., Petzold M., Hogan D., Landoulsi S.
et al. Global, regional, and national estimates
of levels of preterm birth in 2014: a systema-
tic review and modelling analysis. Lancet Glob
Health. 2019;7(1):e37-e46. DOI: 10.1016/52214-
109X(18)30451-0.

2. Crump C, Sundquist J., Winkleby M.A., Sundquist K.
Gestational age at birth and mortality from infancy
into mid-adulthood: a national cohort study. Lan-
cet Child Adolesc Health. 2019;3(6):408-417. DOI:
10.1016/52352-4642(19)30108-7.

3. Crump C., Winkleby M.A., Sundquist J., Sund-
quist K. Prevalence of survival without major
comorbidities among adults born premature-
ly. JAMA. 2019;322(16):1580-1588. DOI: 10.1001/
jama.2019.15040.

4. Crump C.Preterm birth and mortality in adulthood:
a systematic review. J Perinatol. 2020;40(6):833-
843.DOI: 10.1038/541372-019-0563-y.

5. Rafikova Yu.S., Podporina M.A., Saprina T.V., Losh-
kova YelV. Mikhalev YeV. Otdalennyye posledst-
viya nedonoshennosti — metabolicheskiy sin-
drom u detey i podrostkov: yest' li risk? [Long-term
consequences of prematurity — metabolic syn-
drome in children and adolescents: is there a risk?].
Neonatologiya: novosti, mneniya, obucheniye.
2019:7(1);21-30. DOI:  10.24411/2308-2402-2019-
11003. (in Russian).

6. Phillips K.A., Deverka P.A., Sox H.C., Khoury M.J.,
Sandy L.G., Ginsburg G.S. et al. Making geno-
mic medicine evidence-based and patient-cen-
tered: a structured review and landscape ana-
lysis of comparative effectiveness research.
Genet Med. 2017;19(10):1081-1091. DOI: 10. 1038/
gim.2017.21.

7.  Muhoz M., Pong-Wong R., Canela-Xandri O., Raw-
lik K., Haley Ch. S., Tenesa A. Evaluating the contri-
bution of genetics and familial shared environment
to common disease using the UK Biobank. Nat Ge-
net. 2016;48:980-3. DOI: 10.1038/ng.3618.

8. Rukovodstvo po perinatologii. [Guide to perina-
tologyl. Pod red. lvanova D.O. Sankt-Peterburg: In-
form-Navigator Publ.; 2015. (in Russian).

9. Krebs Dzh. Goldsheyn E., Kilpatrik S. Geny po
L'yuinu. Moskva: Laboratoriya Znaniy Publ.; 2020.
(in Russian).

10.

11.

12.

Children’s Medicine of the North-West
2024 /Vol.12 N2 2

Doyle LW. Andersson S. Bush A., Jeanie LY,
Cheong A., Clemm H. et al. Expiratory airflow in
late adolescence and early adulthood in individu-
als born very preterm or with very low birth weight
compared with controls born at term or with nor-
mal birth weight: a meta-analysis of individual par-
ticipant data. Lancet Respir Med. 2019;7:677-86.
DOI: 10.1016/52213-2600(18)30530.

Crump C. Preterm birth and mortality in adulthood:
a systematic review. J Perinatol. 2020;40(6):833—
843.DOI: 10.1038/541372-019-0563-y.

Risnes K., Bilsteen J.F, Brown P, Pulakka A., An-
dersen A.N., Opdahl S., Kajantie E. Sandin S. Mor-
tality among young adults born preterm and
early term in 4 Nordic nations. JAMA Netw Open.
2021;4(1):2032779. DOI: 10.1001/jamanetworko-
pen.2020.32779.

JINTEPATYPA

1.

Chawanpaiboon S., Vogel J.P, Moller A.B., Lum-
biganon P, Petzold M., Hogan D., Landoulsi S. et al.
Global, regional, and national estimates of levels of
preterm birth in 2014: a systematic review and mo-
delling analysis. Lancet Glob Health. 2019;7(1):e37-
e46.DOI: 10.1016/52214-109X(18)30451-0.

Crump C., Sundquist J., Winkleby M.A., Sundquist K.
Gestational age at birth and mortality from infancy
into mid-adulthood: a national cohort study. Lan-
cet Child Adolesc Health. 2019;3(6):408-417. DOI:
10.1016/52352-4642 (19)30108-7.

Crump C., Winkleby M.A., Sundquist J.,, Sund-
quist K. Prevalence of survival without major
comorbidities among adults born premature-
ly. JAMA. 2019;322(16):1580-1588. DOI: 10.1001/
jama.2019.15040.

Crump C. Preterm birth and mortality in adulthood:
a systematic review. J Perinatol. 2020;40(6):833—
843.DOI: 10.1038/541372-019-0563-y.

Padukosa 0.C., MognopuHa M.A., CanpuHa T.B.,
JlowkoBa E.B., Muxanes E.B. OtganeHHble nocnen-
CTBUA HELOHOLWEHHOCTU — MeTabonnyeckuin
CUHAPOM Yy AeTel 1 MOAPOCTKOB: €CTb I PUCK?
HeoHaTtonorua: HOBOCTW, MHeHWsA, ObOyuyeHue.
2019:7(1);21-30. DOI:  10.24411/2308-2402-2019-
11003.

Phillips K.A., Deverka P.A., Sox H.C., Khoury M.J.,
Sandy L.G., Ginsburg G.S. et al. Making genomic
medicine evidence-based and patient-centered:
a structured review and landscape analysis of
comparative effectiveness research. Genet Med.
2017;19(10):1081-1091. DOI: 10.1038/gim.2017.21.
Mufioz M., Pong-Wong R., Canela-Xandri O., Raw-
lik K., Haley Ch. S., Tenesa A. Evaluating the contri-



Children’s Medicine of the North-West
2024 /Vol. 12 N2 2

10.

bution of genetics and familial shared environment
to common disease using the UK Biobank. Nat Ge-
net. 2016;48:980-3. DOI: 10.1038/ng.3618.
PykoBopacTtso no nepuHatonoruu. lNog pegd. ViBaHo-
Ba [.0. CI16.: lhdopm-Hasuratop; 2015.

Kpebc Ox., fongwenH 3., Knnnatpuk C. l'eHbl no
NbtonHy. M.: TabopaTtopua 3HaHuii; 2020.

Doyle LW. Andersson S., Bush A., Jeanie LY.,
Cheong A., Clemm H. et al. Expiratory airflow in
late adolescence and early adulthood in individu-
als born very preterm or with very low birth weight
compared with controls born at term or with nor-

11.

12.

ISSN 2221-2582

mal birth weight: a meta-analysis of individual par-
ticipant data. Lancet Respir Med. 2019;7:677-86.
DOI: 10.1016/52213-2600(18)30530.

Crump C. Preterm birth and mortality in adulthood:
a systematic review. J Perinatol. 2020;40(6):833-
843.DOI: 10.1038/541372-019-0563-y.

Risnes K., Bilsteen J.F., Brown P., Pulakka A., An-
dersen A.N., Opdahl S., Kajantie E. Sandin S. Mor-
tality among young adults born preterm and
early term in 4 Nordic nations. JAMA Netw Open.
2021;4(1):2032779. DOI: 10.1001/jamanetworko-
pen.2020.32779.

ORIGINAL PAPERS



