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ABSTRACT

The aim: Analysis of electrocardiographic parameters in newborns from mothers with metabolic syndrome.

Materials and methods: We conducted a prospective cohort trial of 125 newborns, which included the study of their anthropometric, clinical and laboratory indicators and,
in particular, ECG parameters. The main group consisted of 40 children, born from mothers with diagnosed metabolic syndrome, the comparison group included 2 subgroups:
28 term newhorn and 57 preterm, from mothers without metabolic syndrome.

Results: In newborns from mothers with metabolic syndrome on a fragmentary ECG we revealed abnormal depolarization, manifested by changes in the ventricular complex —
QRS expansion (p<0.001), impaired conduction (p = 0.004), changes of T wave (p<0.001) and prolonged QT interval (p<0.001). There are such risk factors for QT prolongation
in neonates: disease cardiovascular system and disorders of lipid metabolism in mother, asphyxia at birth and electrolyte disorders (hypernatremia OR 0.97), weight too high
to gestational age at birth in newborn (OR 2.97), increased blood pressure in the neonatal period (OR 1.07), artificial feeding (OR 3.01).

Condlusions: Metabolic syndrome in women during pregnancy has a pronounced effect on the cardiovascular system of the newborn. The detected signs of cardiac dysfunction
on the ECG can serve as early integrated indicators of metabolic syndrome and cardiovascular disease in children.

KEY WORDS: metabolic syndrome, ECG, newborns, prolonged QT-interval

INTRODUCTION

Cardiovascular diseases are the number one cause of death
worldwide [1]. Metabolic syndrome is a combination of
cardiovascular risk factors such as obesity, hyperglyce-
mia, dyslipidemia and hypertension, and is associated
with an increased risk of cardiovascular disease. A recent
meta-analysis showed that individuals with metabolic
syndrome had twice the risk of cardiovascular disease and
1.5 times the risk of death from other causes [2]. Obesity
is a key component of the metabolic syndrome, which is
becoming increasingly important due to its extremely high
prevalence. [1].

Among the factors that negatively affect metabolism, lead
to its disorders and obesity are genetic, prenatal, food, so-
matic, psychogenic and others. Not the last role is played by
the phenomenon of food imprinting which defines process-
es of proliferation and differentiation of cells, formation of
bodies and systems, their sizes, structure and a functional
conditions, activity of enzyme systems, expression of genes
encoding enzymes, receptor proteins, determining the na-
ture and direction of metabolic processes, nutrition during
the fetal period and the first years of life influences the taste
preferences of a person throughout life. A high-calorie and
high-fat diet during pregnancy contributes to hypertension
and endothelial dysfunction in the unborn child in adult-
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hood [3]. Insufficient or inadequate nutrition of a pregnant
woman, infections, smoking, stress, endocrine disorders
affect fetal development and cause growth retardation and
low birth weight, on the one hand, and changes in met-
abolic or physiological profile with relevant diseases, on
the other. Birth weight is not only a predictor of perinatal
health, but also psycho-motor development, growth and
formation of organs and systems in adulthood. Both low
and overweight at birth are associated with an increased
risk of obstetric and neonatal complications, as well as
metabolic and cardiovascular disorders later in life [4, 5].

Pregnancy is accompanied by a special state of metab-
olism: insulin resistance, which appears in 2-3 trimesters
of pregnancy, progresses to the level observed in people
with type 2 diabetes. Insulin resistance and hyperinsulin-
emia may be the main basis of the metabolic syndrome of
pregnancy - high blood pressure and diabetes. Moreover,
the metabolic syndrome is also associated with endothelial
dysfunction, oxidative stress, and attenuated inflammatory
responses. How can metabolic changes in a pregnant wom-
an affect the condition of the newborn? It turns out that
obesity in adolescence is associated with maternal weight
and concentration of insulin in amniotic fluid during
pregnancy. Impaired glucose tolerance is diagnosed in
36% of children from mothers with diabetes, which is also
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Table I. Analysis of basic electrocardiographic parameters in newborns from mothers with metabolic syndrome and in newborns of comparison groups

Main group’

Comparison groups p'2

Main indicators n=40

A (term neonates)?
n=28

13
B (preterm neonates)? pm
n=57 P

HR min, per min 123.4+17.4

132.55+26.07

0.112
0.978
0.096

123.3+17.06

HR mean, per min 142.6+£15.68

149.8+£27.48

0.218
0.082
0.028

137.1£14.27

HR max, per min 165.6+17.7

162.66+27.06

0.617
0.043
0.082

152.7£16.59

RR min, s 0.368+0.041

0.37+0.07

0.893
0.052
0.265

0.387+0.054

RR max,s 0.494+0.06

0.47+0.09

0.224
0.296
0.059

0.51+0.09

RR mean,s 0.426+0.05

0.41+0.08

0.354
0.045
0.027

0.45+0.066

Alfa angle, degrees 163.4+8.5

142.7+£5.01

<0.001
<0.001
<0.001

131.6+£22.39

PQ s 0.104+0.009

0.106+0.015

0.532
<0.001
<0.001

0.09+0.006

QRS, s 0.06%0.001

0.06+0.001

1.000
<0.001
0.002

0.059+0.0018

QT, s 0.266+0.016

0.26+0.026

0.284
0.003
0.299

0.254+0.022

associated with elevated amniotic insulin in utero. There
are studies that confirm that maternal metabolic disorders
during pregnancy are associated with poorer intellectual
and psychomotor development, obesity and impaired
glucose tolerance in the child [6]. Maternal conditions
such as obesity, gestational diabetes, and preeclampsia
may contribute to the development of intrauterine stress,
which is responsible for the adverse effects of childbirth,
such as low body weight or macrosomia; and through de-
velopmental programming, these maternal states can also
increase susceptibility to metabolic diseases in offspring
[7]. Although the basic biological and etiological mech-
anisms of these different hypotheses are not sufficiently
clear, it is known that the susceptibility to adult disease
lies in key moments of fetal and postpartum development,
where there is a complex network of genetic, epigenetic,
metabolic and environmental influences contributing to
future disease risk [8].

Elevated insulin levels, hyperglycemia in pregnant
women with metabolic syndrome impair the metabolic
processes and development of the fetal myocardium [9].
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Manifestations of the metabolic syndrome are associated
with a higher prevalence of large and minor deviations on
the ECG [10].

Early diagnosis of variational changes on the ECG is
likely to identify newborns with metabolic disorders,
including those with a high risk of cardiovascular disease.

THE AIM
Analysis of electrocardiographic parameters in newborns
from mothers with metabolic syndrome.

MATERIALS AND METHODS

We conducted a prospective cohort trial of 125 newborns
treated at the Perinatal Center of Poltava Regional Clinical
Hospital, which included the study of their anthropometric,
clinical and laboratory indicators and, in particular, ECG
parameters. The main group consisted of 40 children, born
from mothers with diagnosed metabolic syndrome, the
comparison group included 2 subgroups: 28 term newborn
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Table I1. Associations between the rates of individual electrocardiographic changes in newborns and the presence of metabolic syndrome in the mother

Main group'

Identified changes n=40

Comparison groups p2

p1-3

A (term neonates)?

B (preterm neonates)? p*?

n=28 n=57

Sinus arrhythmia, n (%) 40 (100,0)

1.00
0.202
1.00

28(100,0) 49 (85.96)

Deviation of the heart axis to the

right, n (%) 40(100,0)

1.00
0.202
1.00

28 (100) 49 (85.96)

Voltage reduction, n (%) 24 (60.0)

0.163
0.009
0.1237

12 (42.86) 15(26.32)

QT elongation, n (%) 16 (40.0)

0.8137
<0.001
<0.001

12 (42.86) 0

Changes of T-wave, n (%) 24 (60.0)

0.024
<0.001
<0.001

9(32.14) 0

Changes in the T-wave in the chest

leads, n (%) 32(80.0)

0.886
<0.001
<0.001

22(78.57) 8(14.04)

Conductivity changes, n (%) 8(20)

0.2551
0.004
<0.001

9(32.14) 0

and 57 preterm, from otherwise healthy mothers (without
metabolic syndrome).

Criteria for inclusion in the main group were the pres-
ence of metabolic syndrome in the mother during pregnan-
cy (high blood pressure, hyperglycemia, body mass index
(BMI) 230 kg/m?), the absence of congenital malforma-
tions in the newborn. Parents of all newborns agreed to
the study. All newborns underwent ECG recording in 12
standard leads for 3-7 days after birth.

Constant variables are presented as mean values (M)
and standard errors (m), categorical variables as abso-
lute numbers and percentages. Student’s test was used to
compare independent samples and a chi-square test to
compare proportions. The obtained data are presented as
an arithmetic mean (95% confidence interval). The level
of differences between data groups was assessed using the
confidence interval comparison method. The hypothesis of
group difference was accepted in the absence of overlapping
confidence intervals. Mann-Whitney U-test for nonpara-
metric data was used to overlap the confidence intervals.
The hypothesis of no group differences was confirmed at
a coefficient of p> 0.05. All statistical analyzes were per-
formed using the STATA version 11, licensed computer
program package for Windows (StataCorp, Texas, USA).

By the decision of the Bioethics Commitee Ne 192 from
24.03.2021 the materials of scientific work meet the Rules of
humane treatment of patients in accordance with the Tokyo
Declaration of the World Medical Association, International
Recommendations of the Helsinki Declaration of Human

Rights, Council of Europe Convention on Human Rights
and Biomedicine, Laws of Ukraine and the requirements
of the Code of Ethics of the doctor in Ukraine. Materials of
scientific work can be published in the open press.

RESULTS

During the analysis of the main ECG parameters it was
found that children from mothers with metabolic syn-
drome had significantly higher rates of maximum heart
rate compared with subgroup A (p = 0.043), the value of
the alpha angle was significantly higher than in newborns
from both subgroups (p = 0.0001), which indicates a sharp-
er deviation of the axis of the heart to the right, increasing
the bioelectrical activity of the right heart. The reason for
this phenomenon may be a delay in the restructuring of
the cardiovascular system, the persistence of fetal commu-
nications. There was also a lower minimum and average
duration of the R-R interval compared with neonates of
group B (p = 0.05), which is explained by the higher heart
rate in neonates of the main group, ie the tendency to sinus
tachycardia. Among the significant deviations in newborns
with metabolic syndrome should be noted the longer
duration of the PQ interval (p<0,001), the expansion of
the QRS complex (p<0,001), which are manifestations of
slowing of the excitation through the myocardium, as well
as prolongation of the QT interval (p = 0,003). characterizes
the processes of ventricular repolarization as a consequence
of abnormal depolarization (Table I).
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Table Il1. Risk factors for QT prolongation in newborns from mothers with metabolic syndrome

Odds ratio 95% CI p
Risk factors of mother
Disorders of lipid metabolism in women 24,3 3,12-189,68 0,002
Gestational diabetes 0,27 0,05-1,23 0,091
Eating vegetables 4,38 1,68-11,43 0,003
Eating fast food 0,71 0,47-1,07 0,106
Cardiovascular disease 2,92 1,03-8,24 0,043
Gastrointestinal diseases 0,58 0,06-5,15 0,625
Hypertension 1,32 0,39-4,46 0,652
Preeclampsia 1,45 0,56-3,76 0,441
Threat of abortion 0,17 0,02-1,30 0,088
Polyhydramnios 1,89 0,54-6,59 0,313
Colpitis 0,81 0,21-3,09 0,769
Premature rupture of membranes 3,36 0,76-14,91 0,110
Risk factors of newborn
Apgar 1 min 2,77 1,39-5,51 0,004
Apgar 5 min 2,31 1,21-4,43 0,011
Weight too high to GA 2,97 1,04-8,53 0,042
BMI 1,81 1,26-2,59 0,001
Increased blood pressure 1,066 1,02-1,111 0,002
Artificial feeding 3,01 1,57-5,76 0,001
Hypoxic encephalopathy 0,3 0,04-2,91 0,339
Increased hematocrit 0,95 0,92-0,99 0,019
Increased platelets level 0,99 0,98-0,99 0,048
Increased BE 1,25 0,99-1,57 0,052
Increased serum sodium level 0,97 0,96-0,99 0,004
Deacresed total protein level in serum 0,96 0,93-0,99 0,023
Increased serum urea 0,711 0,49-1,02 0,067
Increased serum creatinine level 0,99 0,97-1,01 0,627

The next step was to identify the associations of indi-
vidual ECG phenomena in newborns with the presence of
metabolic syndrome in the mother (Table II). After analyz-
ing some pathological changes on the ECG in newborns
from the study groups, we found that in children from
mothers with metabolic syndrome significantly more often
was a pronounced decrease in voltage (p = 0.009), which
indicates the presence of metabolic disorders in the myo-
cardium. Prolongation of the QT interval in children of the
main group (p<0.001), as well as in adults with metabolic
syndrome is the most characteristic indicator of violation
of the functional reserve of the myocardium, due to the
influence of metabolic disorders. Changes in the T wave
(p<0.001) were characteristic of children from mothers
with metabolic syndrome, which indicates a violation of
the processes of ventricular myocardial repolarization. It
should be noted that in newborns from the main group
pathological changes of conduction were significantly more
often (p = 0.004) as a reflection of electrophysiological
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processes impairment, which may be due to structural
changes in the conduction system of the heart (ischemia,
inflammation), autonomic, endocrine, electrolyte and
metabolic disorders.

Measurement of the QT interval is of significant clinical
importance, mainly because its prolongation may be asso-
ciated with an increased risk of death, including sudden
cardiac death, due to the development of fatal ventricular
arrhythmias [11-15]. It is known that the prolongation of
the QT interval can be caused by a number of reasons,
including those that characterize lifestyle and nutrition,
anthropometric indicators, biochemical abnormalities
due to metabolic syndrome. In our study, maternal risk
factors (anamnestic, somatic, obstetric, biochemical) and
newborn risk factors (anthropometric, biochemical, nu-
tritional, etc.) were analyzed. As a result of step-by-step
logistic analysis, it was found that the reliable risk factors
for QT prolongation in newborns are the following (Table
III): the presence of cardiovascular disease (OR 2.92) and
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lipid metabolism disorders in the mother (OR 24.3), low
scores on the Apgar scale in the newborn at 1 and 5 min-
utes after birth (OR 2.77 and 2.31 respectively), high birth
weight for gestational age (OR 2.97), increase in BMI (OR
1.81), increase in blood pressure in the newborn (OR 1.07),
artificial feeding (OR 3.01), increase in hematocrit and
platelets (OR 0.95) and 0.99), increase in basis excess (BE)
as an indicator of increased metabolic acidosis (OR 1.25).
Expectedly, that hypernatremia (OR 0.97) and decreased
total protein (OR 0.96) were the reliable risk factors too.
Interestingly, the consumption of vegetables by women
reduces the risk of repolarization impairment, namely the
prolongation of the QT interval in the newborn (OR 4.38).

DISCUSSION

As aresult of our study, a number of electrocardiographic
changes in newborns from mothers with metabolic syn-
drome were revealed, that serves as a confirmation of the
hypothesis of impaired differentiation and development
of the cardiovascular system of the fetus due to metabolic
disorders in pregnant women at different levels (molecular,
cellular, organ). There are several options for the effect of
metabolic syndrome on electrocardiographic parameters
in older children and adults, while this issue has been little
studied in newborns. The presence of metabolic syndrome
in the mother was associated with increased heart rate in
the newborn, slowing of the conduction of the excitation
through the ventricular myocardium, manifested by
dilation of the QRS complex, disruption of myocardial
repolarization, which is realized by prolongation of QT
interval, increased vascular rigidity [7, 8]. It is not clear
how the metabolic syndrome leads to ECG abnormalities,
there are hypotheses about the activity of the sympathetic
nervous system, elevation of the diaphragm due to obesity
and increased cardiac output, leading to left ventricular
hypertrophy. Being overweight increases cardiac output
and the risk of cardiomyopathy, and as a result, prolongs the
PR interval. Hormones produced by adipose tissue affect
the myocardial matrix, resulting in electrophysiological
remodeling. There are also endovascular effects of obesity
caused by the expression of paracrine hormone in adipose
tissue, which can alter atrial function [4,6,16]. Analysis
of risk factors for prolongation of the QT interval in the
newborn showed that not only the indicators of the child’s
health affect the results of ECG studies, but also indicators
of metabolic disorders in women during pregnancy.

CONCLUSIONS
Metabolic syndrome in women during pregnancy has a
pronounced effect on the cardiovascular system of their
newborns.

In newborns from mothers with metabolic syndrome on
a fragmentary ECG we revealed: abnormal depolarization,
manifested by changes in the ventricular complex - QRS
expansion (p<0,001), impaired conduction of the excitation
through the myocardium (p = 0,004). frequent changes of

the T wave (p<0.001) and prolongation the QT interval
(p<0.001).

Newborns with repolarization disorders, in the form of
QT prolongation, which is considered as a predictor of
threatening ventricular arrhythmias, need an in-depth ex-
amination to analyze the duration of QT correction and de-
tect maximum values during long-term ECG monitoring.

The step-by-step logistic analysis revealed reliable risk
factors for QT prolongation in newborns: in addition to
cardiovascular disease and lipid metabolism disorders
in mother, asphyxia at birth and electrolyte disorders in
newborn (hypernatremia OR 0.97), big weight to gesta-
tional age at birth (OR 2.97), increase in blood pressure
in the neonatal period (OR 1.07), artificial feeding (OR
3.01), while the vegetable diet of women reduces the risk
of repolarization disorders in newborns (OR 4.38).

The identified signs of cardiac dysfunction on the ECG
can serve as early integrated indicators of metabolic
syndrome and cardiovascular diseases in children, and
therefore require further study and follow-up to develop
a personalized approach to treatment tactics.
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