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Abstract

Background and aims: We aimed to evaluate the effects of maternal obesity or gestational dia-
betes on body composition, lipid, and glucose metabolism, arterial morphology, and functions
in children, and to investigate these effects in terms of cardiometabolic diseases.Methods: The
study group was composed of 48 children who had a history of gestational diabetes or maternal
obesity, and the control group was composed of 33 children. Echocardiographic assessments
were performed. Socio-economic status and education level of mothers were obtained. Results:
In the study group, carotid intima-media thickness, epicardial adipose tissue thickness, and
arterial stiffness values were found to be significantly higher compared to the control group
(p < 0.001, p< 0.001, p= 0.003, respectively), while arterial distensibility and arterial strain val-
ues were found to be significantly lower (p= 0.003, p= 0.008, respectively). Among the chil-
dren who had similar body mass index in both groups, children in the study group had higher
carotid intima-media thickness and epicardial adipose tissue thickness values. Arterial stiffness
values were significantly reduced (p= 0.028) and arterial distensibility and strain values were
significantly increased (p= 0.039, p= 0.033, respectively) in the children whose mothers had
gestational diabetes and high socio-economic status. Left ventricular mass and left ventricular
end-diastolic internal thickness were found to be significantly increased in the children who had
obese and unemployed mothers (p= 0.04, p = 0.03, respectively). Conclusion: Low socio-
economic status was found to be associated with increased maternal obesity and gestational
diabetes. Poor socio-economic status, poor glycaemic control and being overweight during
pregnancy indicate negative cardiometabolic outcomes for children in the long term.

Cardiovascular diseases continue to be the leading cause of morbidity and mortality globally,
though a significant improvement has been achieved in the last decade. The most important
factor in the pathophysiology of cardiovascular disease is atherosclerosis. Although athero-
sclerosis is clinically observed at adult ages, it subclinically begins with fatty streaks in the arterial
intima layer in early childhood and predisposes to the development of cardiovascular diseases in
adulthood. It is thought that nutritional and environmental factors in the intrauterine life have
permanent effects on children in terms of metabolic and neurological development, and this is
also known as the fetal programming hypothesis.1 Gestational diabetes mellitus and maternal
obesity influence cardiometabolic development in children beginning from the intrauterine
period.1–3 Inflammation caused by hyperglycaemia, insulin resistance, and increased adipose
tissue which develops in presence of maternal obesity and gestational diabetes mellitus, is
thought to influence cardiovascular health in children.1–3 It is possible to calculate carotid
intima-media thickness, epicardial adipose tissue thickness, diameter changes during systole
and diastole, and parameters such as arterial stiffness and elasticity with echocardiographic
examination. These parameters that give information about subclinical atherosclerosis in chil-
dren provide a prediction about the risk of cardiovascular disease at advanced ages.4,5 There is
evidence indicating that these parameters are influenced by maternal obesity or the presence of
gestational diabetes mellitus.2,5–7 In this study, we aimed to investigate the long-term effects of
the presence of maternal obesity or gestational diabetes mellitus, and families’ socio-economical
status in children, such as subclinical atherosclerosis, cardiac functions, metabolic syndrome,
insulin resistance, and dyslipidemia.

Materials and methods

This study was conducted prospectively at Istanbul Medeniyet University Prof. Dr Süleyman
Yalçın Göztepe City Hospital Pediatric Cardiology Outpatient Clinics between July, 2019
and December, 2020. Our hospital’s local ethics committee approved this study with the report
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number 2019/0312. The study was conducted in accordance with
the Helsinki Declaration, and written informed consent was
obtained from the parents in the study and control groups.

Study population

Forty-eight healthy children aged between 3 and 12 years who had
a history of gestational diabetes mellitus (specified by interrogating
a diagnosis of gestational diabetes mellitus and oral glucose toler-
ance test during pregnancy) or maternal obesity8 (gestational body
mass index ≥ 30 kg/m2, body weight >91 kg or above normal body
weight by 110–120%) were included in the study group (27 chil-
dren whose mothers had obesity and 21 children whose mothers
had gestational diabetes mellitus). Thirty-three healthy children
aged between 3 and 12 years who had no history of gestational dia-
betes mellitus or maternal obesity were included in the control
group. The age of 3–12 years range was considered as the border-
line due to the fact that atherosclerotic lesions begin to be observed
from the age of 3 years, to eliminate the effects of pubertal hormo-
nal changes. Children who had systemic chronic morbidity, con-
genital/acquired heart and valve disease, and pathological ECG and
echocardiographic findings were excluded from the study and con-
trol groups. During history taking, gestational age, birth weights,
periods of breastfeeding, time of starting solid foods, maternal
working status, maternal occupation, maternal education level,
home income, consanguineous marriage, smoking status, presence
of chronic disease, gestational body weight, folic acid supplement,
and physical activity during pregnancy were interrogated. To
inspect to potential effects of the gestational age of participants
on this work, whole participants were classified as “preterm” (birth
week<37) or “term” (birth week ≥ 37) based on their birth week.
The difference between subclinical atherosclerosis parameters was
evaluated in these two groups.

Anthropometric measurements

The childrens’ body weights and heights in the study and control
groups were measured using digital scales and stadiometer, and
height and weight percentiles by age and sex were evaluated using
standard growth charts specified for our country.9 Body mass
index was calculated by dividing body weight (kg) by the square
of height (m²). A body mass index value of ≥ 95th percentile
according to the growth charts specified for Turkish children
was considered obesity.9 Wrist circumference, mid-upper arm cir-
cumference, and waist circumference were measured using a stan-
dard non-elastic tape measure. The children were put in the
upright position with their abdomens set free, waist circumference
was measured over the umbilicus, and mid-upper arm circumfer-
ence was measured over the middle points between the shoulder
and elbow with the elbow at 90 degrees flexion, and wrist circum-
ference was measured with the wrist, radius and ulna in the upright
position with the long axis of the forearm distal to the styloid proc-
esses using a standard non-elastic tape measure. These measure-
ments were recorded in cm.

Blood pressure and biochemical markers

Systolic blood pressure (SBP) and diastolic blood pressure (DBP)
were measured on an empty stomach in the sitting position follow-
ing a 15-minute rest period over the right brachial artery using an
oscillometer (Omron M2) and cuffs of appropriate size.
Hypertension criteria according to the American Academy of
Pediatrics were specified.10 Prior blood glucose, insulin, lipid

profiles (high-density lipoprotein, low-density lipoprotein, total
cholesterol, and triglyceride), free triiodothyronine (fT3), free thy-
roxine (fT4), and thyroid-stimulating hormone of the patients,
which were learned to be measured following a 12-hour fasting
period, were included in the study. A homeostatic model assess-
ment of insulin resistance value of> 2.5 was considered insülin
resistance. Dyslipidemia criteria were specified as follows: total
cholesterol≥ 200 mg/dl, low-density lipoprotein≥ 130 mg/dl, tri-
glyceride 0–9 years≥ 100, 10–19 years≥ 130 mg/dl, high-density
lipoprotein< 40 mg/dl.11 The criteria for metabolic syndrome
were specified according to the International Diabetes
Federation (IDF).12 Subclinical hypothyroidism was defined as
increased thyroid-stimulating hormone in the presence of normal
free FT4 concentrations.13

Echocardiography

The echocardiographic assessment was performed in a single-blind
manner using Philips Epic 7C device and S5–1 and S8–3 linear
probe with standard position and techniques. Left ventricular
end-diastolic internal thickness, interventricular septum systolic
thickness, interventricular septum diastolic thickness, left ven-
tricular posterior wall systolic thickness, and left ventricular pos-
terior wall diastolic thickness were measured and fractional
shortening, ejection fraction, and left ventricular mass (LVM) were
calculated digitally. The LVM index (LVMI) was calculated using
the formula: LVMI = LVM/Height2.7 and percentiles were exam-
ined based on the age.14 Epicardial adipose tissue thickness was
measured vertical from the hypoechoic area adjacent to the right
ventricular free wall to the right ventricular wall in the parasternal
long-axis view. The maximum values were considered, and the
mean value was reported. Carotid intima-media thickness assess-
ment and specification of the carotid layers were performed
according to the American Echocardiography Association stan-
dard protocol.15 A probe was placed along a vascular axis to obtain
a longitudinal scan of the right main coronary artery with the
patient in the supine position and the head slightly turned to
the left. Carotid intima-media thickness measurement was per-
formed 1 cm proximal to the carotid artery bifurcation. The aver-
age value of three cardiac cycle measurements was recorded.
Carotid artery systolic diameter (Ds) and diastolic diameter
(Dd) were measured, and the parameters including arterial disten-
sibility, stiffness, and strain were calculated using the following
methods16:

Arterial Strain = (Ds – Dd)/Dd
Arterial Distensibility (cm².dyn-1)= 2x (Ds – Dd)/(Dd x pulse

pressure)
Arterial Stiffness (mmHg) = (SBP/DBP)/strain

Statistical analysis

SPSS 24 (Statistical Package for Social Science, version 24) and
Python 3.9 (scipy) were used for statistical analysis. Continuous
variables were expressed as mean ± standard deviation, and cat-
egorical variables were expressed as numbers and percentages.
Mann–Whitney U-test was used in the comparison of two groups
for the variables that did not show a normal distribution
(Supplementary Table S2), and the Kruskal–Wallis test was used
in the comparison of three or more samples groups (Tables 1
and 2). The Chi-square test was used in the comparison of quali-
tative data (Table 1, Supplementary Table S1). Spearman’s corre-
lation analysis was used for the examination of the relationship
between variables. Based on the correlation analysis results, the
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data were visualised with a scatter plot chart (Fig 1). A p-value of
<0.05 was considered statistically significant. Receiver operating
characteristic was performed to determine the most sensitive
and specific parameter for subclinical atherosclerosis (Fig 2).
Multiple regression analysis was conducted to inspect the potential
effect of confounding factors. A post hoc sample size calculation
was made due to the relatively small sample size.

Results

The demographic and anthropometric properties belonging to the
study and control groups are shown in Table 1. The groups did not
show a difference in terms of mean values for age (months), sex,
height, and weight. Body mass index was found to be significantly
higher in the study group compared to the control group
(p= 0.013). Although the mean values for waist, arm, and wrist
circumference were found to be higher in the study group com-
pared to the control group, the differences were not statistically sig-
nificant. No hypertensive subject was found in the groups. Even
though SBP did not show a difference between the groups, DBP
was found to be significantly increased in the control group
(p= 0.035). Thyroid-stimulating hormone, FT3, and triglyceride
levels were found to be significantly increased (p= 0.002,
p< 0.001, p= 0.026, respectively), and high-density lipoprotein

levels were found to be significantly reduced (p= 0.028) in the
study group (Table 2). There was no case with clinical or subclini-
cal hypothyroidism among participants. Insulin resistance and
increased triglyceride levels were found in five of the children
who had maternal obesity and in seven of the children whose
mothers had gestational diabetes. Abnormal laboratory finding
was not observed in the control group. Metabolic syndrome was
observed in one child with maternal obesity.

The echocardiographic data belonging to the groups are
shown in Table 2. Carotid intima-media thickness and epicardial
adipose tissue thickness were found to be significantly high in the
study group (p < 0.001 for both parameters). Arterial stiffness
was found to be significantly increased (p = 0.003), and arterial
strain and distensibility were found to be significantly reduced
(p = 0.008, p = 0.003, respectively) in the study group. Aortic
peak wave velocity, left ventricular mass, and conventional echo-
cardiographic parameters did not show a difference between the
groups. Left ventricular mass index was found to be higher than
the 95th percentile for age in five cases with maternal obesity,
with a history of gestational diabetes mellitus, and in one case
in the control group.

The relationship between the childrens’ body compositions and
echocardiographic parameters was evaluated. A positive correla-
tion was found between left ventricular mass and body mass index

Table 1. Clinical and charactheristical profile of groups

Maternal obesity GDM Control group

pan % n % n %

Sex Male 10 37.04 10 47.6 20 60.6 0.189b

Female 17 62.96 11 52.4 13 39.4

Age (month) 89 ± 28.75 102.3 ± 36.1 105.15 ± 28.87 0.083a

Height (cm) 128 ± 17.2 131.8 ± 18.75 134.5 ± 15.5 0.278a

Weight (kg) 34.8 ± 14.8 33.7 ± 13.3 32.65 ± 11.05 0.968a

BMI (kg/m²) 20.7 ± 4.3 18.8 ± 4.06 17.75 ± 3.5 0.013a

WC (cm) 71.2 ± 14.6 68.6 ± 12.9 66.05 ± 9.4 0.456a

MUAC(cm) 23.3 ± 3.9 22.3 ± 4.3 21.45 ± 3.6 0.193a

WrC (cm) 15.15 ± 1.7 14.7 ± 1.35 14.5 ± 1.3 0.42a

Breastfeeding duration (months) 15.2 ± 9.7 17.7 ± 9.6 17.4 ± 13.2 0.507a

Birth weight (g) 3089.4 ± 975.5 3141.4 ± 696.5 3123.6 ± 545 0.865a

Gestational age Preterm 3 11 4 19 7 21

Term 24 89 17 81 26 79

Time of introducing complementary
feeding

6.5 ± 1.6 6.05 ± 1.02 5.9 ± 0.55 0.089a

Systolic blood pressure (mmHg) 99.6 ± 15.7 98.9 ± 15.75 104.4 ± 9.9 0.24a

Diastolic blood pressure (mmHg) 60.8 ± 14 61.2 ± 14 69.3 ± 8.5 0.035a

Insulin resistance Resistant 5 18 7 33 0 0

Non-resistant 22 82 14 67 33 100

LVMI2.7 (g/m2.7) >%95 percentile 5 18 5 23 1 3

<%95 percentile 22 82 16 77 32 97

Values are presented as n (meanþSDS).
BMI = body mass index; GDM = gestational diabetes mellitus; LVMI = left ventricular mass index; MUAC =mid-upper arm circumference; WC = waist circumference; WrC = wrist circumference.
aKruskal–Wallis test.
bChi-square test.
p< 0.05 compared with reference population.
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(p = 0.001, r= 0.6), waist circumference (p< 0.001, r= 0.698),
mid-upper arm circumference (p < 0.001, r= 0.698), wrist circum-
ference (p < 0.001, r= 0.828), between epicardial adipose tissue
thickness and body mass index (p < 0.001, r= 0.631), waist cir-
cumference (p < 0.001, r= 0.693), mid-upper arm circumference
(p < 0.001, r= 0.629), WrC (p < 0.001, r= 0.624) and between
carotid intima-media thickness and body mass index (p= 0.001,
r= 0.612), waist circumference (p= 0.002, r= 0.575), mid-upper
arm circumference (p= 0.003, r= 0.557), and wrist circumference
(p = 0.023, r= 0.437) in the children with maternal obesity. In the

children whose mothers had gestational diabetes mellitus, a posi-
tive correlation was found between left ventricular mass and body
mass index (p = 0.005, r= 0.587), waist circumference (p= 0.003,
r= 0.611), mid-upper arm circumference (p= 0.008, r= 0.562),
wrist circumference (p= 0.011, r= 0.542), and between epicardial
adipose tissue thickness and body mass index (p= 0.002,
r= 0.637), waist circumference (p= 0.001, r= 0.659), mid-upper
arm circumference (p= 0.003, r= 0.622), and wrist circumference
(p= 0.005, r= 0.593). A negative correlation was found between
waist circumference measurements and arterial distensibility

Table 2. Comparison of laboratory and echocardiographic findings in study and control groups

Maternal obesity (n=27) GDM (n=21) Control group (n=33)

pMeanþSDS MeanþSDS MeanþSDS

Glucose (mg/dl) 86.9 ± 8.9 84.9 ± 8.4 86.9 ± 8.6 0.536

Insulin (uU/ml) 8.2 ± 6.9 10.5 ± 9.1 6.35 ± 2.7 0.275

HOMA-IR 1.8 ± 1.4 2.17 ± 1.8 1.4 ± 0.6 0.316

TSH (uIU/ml) 2.04 ± 0.7 2.2 ± 1 1.5 ± 0.6 0.002

FT4 (ng/dl) 1.02 ± 0.1 0.96 ± 0.1 1.1 ± 0.6 0.281

FT3 (pg/ml) 4.2 ± 0.5 4.1 ± 0.6 3.7 ± 0.6 <0.001

HDL (mg/dl) 56.5 ± 12.5 50.9 ± 11.7 60.8 ± 13.5 0.028

LDL (mg/dl) 92.9 ± 26.3 79.7 ± 22 87.3 ± 20.4 0.147

Total cholesterol (mg/dl) 169.7 ± 28.8 155.7 ± 28.5 162.7 ± 23.6 0.179

Triglycerides (mg/dl) 107.8 ± 75.4 125.2 ± 86.6 68.8 ± 21.2 0.026

Aortic PWV (cm/sn) 108.46 ± 20 104.93 ± 16.2 107.28 ± 19.7 0.856

LV mass (g) 66.74 ± 28.1 67.84 ± 24.3 67.29 ± 19.24 0.805

LVMI2.7 (g/m2.7) 33.6 ± 8.45 33.51 ± 8.3 30.75 ± 8.5 0.39

EATT (mm) 4.68 ± 1.16 4.3 ± 1.14 2.77 ± 1.3 <0.001

CIMT (mm) 1.12 ± 0.34 1.1 ± 0.33 0.79 ± 0.16 <0.001

Arterial distensibility (cm².dyn-1) 0.0097 ± 0.007 0.01 ± 0.01 0.014 ± 0.007 0.003

Arterial strain 0.19 ± 0.15 0.17 ± 0.12 0.26 ± 0.12 0.008

Arterial stiffness (mmHg) 15.87 ± 14.35 17.86 ± 14.9 7.48 ± 4.26 0.003

Values are presented as meanþSDS.
p < 0.05 is accepted as significant.
Aortik PWV= aortic peak wave velocity; CIMT= carotid intima-media thickness; EATT= epicardial adipose tissue thickness; GDM= gestational diabetesmellitus; FT3= free triiodotironin; FT4=
free tyroxine; HDL = high-density lipoprotein; HOMA-IR = homeostatic model assessment of insulin resistance; LDL = low-density lipoprotein; LV mass = left ventricular mass; LVMI = left
ventricular mass index; TSH = thyroid-stimulating hormone.
p< 0.05 compared with reference population.

Figure 1. Relationship and distribution of CIMT, EATT, LV Mass and LVMI with BMI in all groups.
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(p= 0.04 r= -0.451) and arterial strain (p= 0.047 r= -0.439)
values.

Although carotid intima-media thickness, epicardial adipose
tissue thickness, left ventricular mass, and left ventricular mass
index were correlated with body mass index, it was observed that
the study group showed a distribution of significantly increased
values compared to the control group in the same body mass index
value range (Fig 1).

The effects of preterm and term birth on subclinical athero-
sclerosis parameters were examined. The mean of the birth week
parameter was 33.8 ± 2.27 in the study and control groups, and
39.27 ± 0.76 in those born at term. When these two groups were
compared in terms of subclinical atherosclerosis parameters, no
significant difference was found for the parameters carotid
intima-media thickness, epicardial adipose tissue thickness,
arterial stiffness, arterial distensibility, arterial strain, and left ven-
tricular mass, but a significant difference was determined for left
ventricular mass index (p= 0.36, p= 0.52, p= 0.69, p= 0.62,
p= 0.63, p= 0.31, p= 0.002, respectively). In the correlation
analysis conducted for the same parameters, no significant corre-
lation was observed except for left ventricular mass index.

To investigate the effect of confounding factors, multiple
regression analysis was performed between subclinical athero-
sclerosis parameters and gender, age, bodymass index, low-density
lipoprotein, high-density lipoprotein, homeostatic model assess-
ment of insulin resistance , thyroid-stimulating hormone, and
SBP in the study groups. Body mass index was determined as a sig-
nificant predictor for carotid intima-media thickness and epicar-
dial adipose tissue thickness (p= 0.041, p= 0.003) and age for
left ventricular mass in children with maternal obesity
(p= 0.003). Gender was a predictive factor for epicardial adipose
tissue thickness in children of mothers with gestational diabetes
mellitus (p = 0.04).

Maternal characteristics are shown in Supplementary Table S1.
Education level was found to be lower in the study group compared
to the control group (for maternal obesity p= 0.02, for gestational
diabetes mellitus p= 0.046). The number of mothers who prac-
ticed exercise during pregnancy was found to be significantly
higher in the study group (formaternal obesity p= 0.028, for gesta-
tional diabetes mellitus p= 0.018).

Supplementary Table S2 shows the relationship between socio-
economical status and subclinical atherosclerosis, left ventricular
structure, and left ventricular functions. Carotid systolic diameter,
diastolic diameter, and carotid intima-media thickness were found
to be significantly higher in the children whose mothers had
obesity and chronic morbidity compared to the children whose
mothers did not have a history of chronic morbidity (p= 0.02,
p= 0.03, p= 0.03, respectively). The children whose mothers
had gestational diabetes mellitus with a monthly family income
above 4000 tl had higher carotid artery distensibility and strain val-
ues and lower arterial stiffness compared to the ones with a
monthly family income below 4000 tl (p = 0.039, p= 0.033,
p= 0.028, respectively).

Receiver operating characteristic analysis was performed to
determine the most sensitive and the most specific parameter indi-
cating subclinical atherosclerosis in children in presence of mater-
nal obesity and gestational diabetes mellitus. Epicardial adipose
tissue thickness was determined the most sensitive (85.1, 80.9%,
respectively) and the most specific (81.8, 84.8%, respectively)
parameter both for the maternal obesity and gestational diabetes
mellitus group (Fig 2).

Discussion

Maternal hyperglycaemia resulting from gestational diabetes mel-
litus and maternal obesity causes fetal hyperglycaemia and leads to

Figure 2. ROC analysis for subclinical atherosclerosis parameters of the study group.
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fetal hyperinsulinemia. Hyperinsulinemia increases the risk for
obesity at advanced ages by increasing fetal adipose mass.1–3

The finding that body mass index was higher in the study group
compared to the control group was considered an outcome of this
process. Body mass index is insufficient to give adequate informa-
tion about body fat distribution. Therefore, anthropometric mea-
surements are used for this objective. Although the mean values for
waist circumference, mid-upper arm circumference, and wrist cir-
cumference measurements in the study group in our study were
found to be higher compared to the control group and the differ-
ence was not statistically significant, various studies showed the
effects of maternal diabetes on adipose mass and fat distribution
in children.17 In addition, studies showed that insulin with its
anabolic effects contributed to bone remodelling and bone devel-
opment by causing increased osteoblastic activity, and wrist
circumference measurement was a good marker for this.18

Therefore it has been determined that hyperglycaemia and hyper-
insulinemia have negative effects on fat distribution and body com-
position by causing faulty metabolic programming from fetal life.
SBP did not show a difference between the groups, while DBP was
found to be increased in the control group. Studies have shown dif-
ferent results about the effect of gestational diabetes mellitus and
maternal obesity on blood pressure in children.5–7,19In healthy chil-
dren, blood pressure is correlated with height and age.20 Our study
had a wide age and height range for the assessment of blood pres-
sure. Thus, we think that subjects with the same age and height
range should be compared to investigate the effects of the presence
of gestational diabetes and maternal obesity on blood pressure.

In studies conducted with euthyroid and obese individuals, thy-
roid-stimulating hormone and FT3 levels were found to be
increased,21 while results for FT4 showed a difference.21,22 In our
study, no case with subclinical hypothyroidism was detected, but
only significantly higher thyroid-stimulating hormone levels were
associated with increased body mass index, similar to the studies
performed. Maternal obesity or gestational diabetes mellitus is
thought to lead to an increase in body mass index in children
and thus an increase in thyroid-stimulating hormone levels.

In presence of atherosclerosis-related risk factors, thickening
and damage in the arterial intima-media layer begin at an early
age.2,4,23 Increased epicardial adipose tissue thickness and carotid
intima-media thickness in presence of gestational diabetes mellitus
or maternal obesity in our study showed the negative effect of pre-
natal risk factors involved in the development of atherosclerosis in
children. Studies have shown that epicardial adipose tissue thick-
ness is increased in children of mothers with gestational diabetes
mellitus or pregestational obesity both in fetal life and later in
childhood.24,25 Epicardial adipose tissue thickness is a visceral adi-
pose tissue with paracrine, vasocrine, and inflammatory functions
localised around the heart and coronary arteries and is influenced
by body fat distribution.5,24,25 Although the relationship between
the children’s body compositions and body mass index and epicar-
dial adipose tissue thickness and carotid intima-media thickness
shows that these parameters increase the risk for cardiovascular
disease with increased obesity, the fact that the study group had
higher carotid intima-media thickness and epicardial adipose tis-
sue thickness values compared to the control group in the same
body mass index range, as shown in Figure 1, indicated the influ-
ence of maternal gestational diabetes mellitus and gestational
obesity independent of children’s body mass index. Even though
body mass index was correlated with carotid intima-media thick-
ness, epicardial adipose tissue thickness, left ventricular mass, and
left ventricular mass index and was found to be an independent

predictor for epicardial adipose tissue thickness and carotid
intima-media thickness, carotid intima-media thickness and epi-
cardial adipose tissue thickness values showed a distribution in a
higher scale the same body mass index range in children of moth-
ers with maternal obesity and gestational diabetes mellitus.

Increased insulin in obese individuals increases left ventricular
mass by increasing blood pressure by way of sympathetic nervous
system activation and renal reabsorption of sodium.26 Similar to
our study, research by Litwin et al. states that left ventricular mass
was only affected by children’s bodymass index , and both left ven-
tricular mass and left ventricular mass index were independent of
maternal obesity, weight gain, and diabetes.27

Arterial distensibility and strain were found to be reduced, and
stiffness was found to be increased in our study group. This finding
supports that hyperinsulinism occurring in presence of gestational
obesity or gestational diabetes, oxidative stress and inflammation
lead to disruption in vascular structure and functions. Increased
insulin and C-peptide levels in blood samples obtained from the
umbilical cord in babies of diabetic mothers and increased thickness
in the umbilical artery intima-media layer confirm that vascular
alterations begin in the intrauterine life.28 The negative correlation
between waist circumference and arterial distensibility and strain in
children of mothers with gestational diabetes mellitus supports that
inflammatory cytokines released from increased adipocytes cause
negative effects on vascular elasticity and compliance by leading
to endothelial dysfunction, and triggering atherosclerosis.

Even though previous studies have emphasised that SGA (small
gestational age) birth or premature birth could lead to adverse
effects on cardiac remodelling and vascular structures,29 any sig-
nificant difference between preterm and term-born children is
not determined in our study in terms of subclinical atherosclerosis
parameters. It can be thought that this may be due to the fact that
the number of preterm birth cases is quite low (16) compared to the
number of term birth cases (62).

Unconscious and poor nutrition is more common in families
and populations with poor socio-economical status. The fact that
the study group had a lower education level and higher body mass
index values supports that low education level and low socio-eco-
nomical status increase the risk for obesity and metabolic
syndrome.30

The lower education level of the mothers in the study group and
higher body mass index values in the children compared to the
control group indicate that the risk was increased not only for
maternal obesity but also for obesity in the children. Adult and
paediatric studies showed that deterioration in education and eco-
nomical status caused an increase in blood pressure, carotid
intima-media thickness, and arterial stiffness.31,32 It is thought that
economic trouble and lack of education lead to an increase in cat-
echolamine and cortisol levels by triggering stress factors, influence
cardiac structure, and functions, and cause a reduction in vascular
compliance and elasticity, and an increase in stiffness by triggering
endothelial dysfunction.31,32 The findings that arterial distensibility
and strain were higher, and stiffness was lower in the children
whose mothers had gestational diabetes mellitus and a high family
income compared to the ones with a low family income; and that
left ventricular mass and left ventricular end-diastolic internal
thickness were higher in the children whose mothers were unem-
ployed and had obesity compared to the children whose mother
were employed in our study, again supported these studies.

Despite the rate of practicing exercise being significantly higher
in the mothers in the control group compared to the study group,
no impact of this result was found on the children’s cardiac

1162 M. Ekici Avci and Ö. Tosun

https://doi.org/10.1017/S1047951122002402 Published online by Cambridge University Press

https://doi.org/10.1017/S1047951122002402


functions and subclinical atherosclerosis markers. We think that
this result might have arisen from irregular and ineffective exercise.

Conclusion

Our study is the first to include such comprehensive parameters in
a single study, in which both maternal obesity, gestational diabetes
mellitus, and control groups were investigated simultaneously. Our
study showed that low socio-economical status was related to the
risk of gestational diabetes mellitus or maternal obesity; hence, this
increased the risk of obesity in children, influenced the develop-
ment of insulin resistance, and caused lipid profile disturbances.
Even though atherosclerosis subclinically begins in childhood,
maternal obesity or gestational diabetes mellitus was observed to
contribute to the development of atherosclerosis in children.
Weight gain and inadequate glycaemic control during pregnancy
influence maternal health negatively as well as leading to a risk for
cardiovascular disease at advanced ages in children and in gener-
ations to come. Therefore, preventive strategies in terms of obesity
and diabetes during gestational follow-up may provide a better
future for both mothers and children in terms of cardiometabolic
aspects.

Limitation

One of the limitations worth stating about our study is the rela-
tively small number of samples. The study was designed just before
the COVID-19 pandemic and was carried out under the pandemic
conditions; hence, the number of healthy patients remained below
those who applied to the outpatient clinic, and therefore the num-
ber of volunteer participants. Another limitation that can be dis-
cussed is fathers were not involved in the study. It has been
shown in previous studies that cardiometabolic conditions of
the children are affected by fathers also.19 In this respect, the inclu-
sion of fathers in the study may be a light for potential future stud-
ies. The most crucial and strong aspect of our study differs from
existing studies is that it is a large-scale study showing the effects
of gestational diabetes andmaternal obesity, as well as the effects of
sociocultural and economic levels on the children’s cardiovascular
health.

Supplementary material. To view supplementary material for this article,
please visit https://doi.org/10.1017/S1047951122002402
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