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ABSTRACT

Background. The arterial wall tends to stiffen owing to prolonged exposure to cardiovascular disease risk 
factors such as high blood pressure, hyperglycemia, and chronic inflammation. Epidemiological research has 
demonstrated that maternal factors, demographic characteristics, and clinical data influence arterial stiffness 
and echocardiographic findings. This study aimed to evaluate the association between arterial stiffness and 
echocardiographic findings with maternal factors and demographic and clinical characteristics in infants of 
mothers with gestational diabetes or hypertension during the neonatal period.

Methods. A total of 67 newborns between 12-29 days of age, including 15 neonates of hypertensive mothers, 
26 neonates of diabetic mothers, and 26 neonates in the control group, were included. Carotid-femoral pulse 
wave velocity (cfPWV) was used as a marker of arterial stiffness and measurements were performed using 
echocardiography. Basic echocardiographic evaluations and atrial and ventricular strain assessments were 
performed.

Results. The mean cfPWV value of infants of diabetic mothers (6.34 m/s) was significantly higher than that 
of infants of hypertensive mothers (4.65 m/s) and the control group (4.56 m/s) (p<0.001). Multivariate linear 
regression analysis revealed that increasing maternal age and the presence of diabetes in the mother were 
predictors of carotid-femoral pulse wave velocity values. The right ventricular free wall longitudinal strain 
z-scores were higher in hypertensive infants, while no significant difference was found in other strain 
measurements.

Conclusion. The analysis of arterial stiffness in infants of diabetic mothers, infants of hypertensive mothers, 
and controls showed that advanced maternal age and maternal diabetes were particularly associated with 
increased cfPWV. This study highlights the potential influence of maternal metabolic status on neonatal cardiac 
morphology and vascular function. Based on the data presented, further research is warranted to investigate 
whether the observed effects on arterial stiffness in infants of diabetic mothers persist into older ages and have 
long-term implications for the health of these patients.
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Arterial stiffness reflects the mechanical 
properties of the vascular wall and is commonly 
expressed as the elastic modulus. As arterial 
pressure and diameter increase, circumferential 
wall stress is gradually transferred from 
extensible elastin fibers to relatively inextensible 
collagen fibers, resulting in progressive 
stiffening of the arterial wall.1,2 Exposure 
to cardiovascular risk factors, including 
hypertension, hyperglycemia, dyslipidemia, 
and inflammation, accelerates this process and 
leads to early vascular remodeling.3,4

Pulse wave velocity (PWV) measured in 
central arterial segments is accepted as the 
gold standard for the assessment of arterial 
stiffness.5 In adults, aortic pulse wave velocity 
(aPWV) is a strong independent predictor of 
cardiovascular mortality and has been shown 
to outperform conventional parameters such 
as systolic blood pressure and pulse pressure.
[xRef]6[/xRef]7 Increasing evidence suggests that the 
origins of cardiovascular disease begin early in 
life. Elevated blood pressure becomes clinically 
detectable in childhood when values exceed the 
90th percentile for age8, and increased aPWV 
predicts the later development of hypertension. 
Importantly, increased PWV in the neonatal 
period has also been associated with future 
cardiovascular disease and target-organ 
damage.9

The concept of fetal programming proposes 
that intrauterine conditions influence 
cardiovascular structure and function in later 
life. Maternal characteristics, perinatal factors, 
and neonatal clinical parameters have been 
shown to affect vascular function and arterial 
stiffness.9-12 However, vascular changes do not 
occur in isolation; they are closely linked to 
cardiac performance. Increased arterial stiffness 
leads to elevated left ventricular afterload, 
which may result in subtle alterations in 
myocardial mechanics even before conventional 
echocardiographic parameters become 
abnormal.13

Advanced echocardiographic techniques, 
particularly speckle-tracking echocardiography, 

allow the evaluation of myocardial deformation 
and provide a sensitive assessment of cardiac 
function. Strain and strain-rate parameters 
can detect subclinical myocardial dysfunction 
earlier than traditional measurements such as 
ejection fraction. Therefore, the simultaneous 
assessment of arterial stiffness and myocardial 
deformation may improve the understanding of 
early cardiovascular adaptation in the neonatal 
period.14,15

In this study, we aimed to investigate the 
relationship between aortic pulse wave 
velocity and echocardiographic parameters, 
including myocardial strain measurements, 
and to evaluate their association with maternal 
factors and with the demographic and clinical 
characteristics of newborns.

Methods

Patient selection

This study was approved by the Hacettepe 
University Non-Interventional Clinical Research 
Ethics Committee (Date: 20 September 2022, 
Project No: GO 22/887, Decision No: 2022/18–
34). Informed consent was obtained from 
the families for study participation. Healthy 
newborns aged 12-29 days, evaluated at the 
Department of Pediatric Cardiology, Hacettepe 
University between November 2022 and April 
2023, were divided into three groups: infants 
of mothers with diabetes or hypertension, 
and infants of healthy mothers. Children with 
neurologic disease, coagulopathy, malignancy, 
renal and hepatic failure, heart disease or 
genetic disease were excluded. The mothers 
were followed-up by Hacettepe University 
Department of Obstetrics and Gynecology 
during the antenatal period. Diagnoses of 
gestational diabetes mellitus, pre-gestational 
diabetes mellitus, gestational hypertension and 
preeclampsia were determined according to 
international standards.16,17 

Sex, birth weight, current weight, gestational 
age, delivery mode, echocardiographic 
findings, number of births, age, hypertension 
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status, diabetes mellitus, HbA1c value, body 
mass index (BMI) calculated from prenatal 
weight and final prenatal hemoglobin value of 
mothers were recorded.

Echocardiographic measurements were 
performed in accordance with the American 
Society of Echocardiography standards18 using 
a Philips Healthcare EPIQ CVx (Philips Medical 
Systems, Andover, MA, USA) equipped with a 
Philips S9-2 (PureWave sector array transducer) 
probe. For standard echocardiographic 
measurements, parasternal long-axis (PSLAX) 
M-Mode, apical four-chamber (A4C), apical 
three-chamber (A3C) and apical 2-chamber 
(A2C) images were obtained. The left 
ventricular end-diastolic diameter (LVEDD), 
interventricular septum end-diastolic diameter 
(IVSd) and left ventricular posterior wall 
thickness (PWd) were recorded. The left 
ventricular mass (LVM), LVM index (LVMI) 
and relative wall thickness (RWT) values 
were calculated from these values. Doppler 
recordings of the aortic isthmus were obtained 
from the suprasternal notch and Doppler 
recordings of the femoral artery were obtained 
from the right femoral artery. Left ventricular, 
right ventricular and left atrial strain values 
of the patients were calculated and recorded 
using the Philips Healthcare EPIQ CVx system 
software. Image windows for which the 
optimal strain values could not be obtained 
from the recorded images were excluded from 
the calculation. The left ventricular global 
longitudinal peak strain (LV GLPS), right 
ventricular free wall longitudinal strain (RVFW 
LS), global longitudinal peak strain (RV GLPS), 
left atrial reservoir strain (LArS), conduit strain 
(LAconS) and contraction strain (LAcS) values 
were recorded. 

LVM and LVMI were calculated using the 
following formulas:

There are two methods for measuring the RWT:

In our study, the second method was preferred 
because IVSd values were different between the 
groups, and it is known that IVSd values are 
high in infants of diabetic mothers.19

PWV measurements were performed between 
14.00 and 17.00 hours in a temperature-
controlled room using the same device. 
Measurements were taken when infants were at 
their calmest, with calculations performed three 
times. The calculation involved taking pulse 
waves and simultaneous ECG images from the 
sternal notch and femoral artery. The pulse wave 
was measured on the descending aorta from 
the sternal notch, and the distance from notch 
to measurement site was calculated. Then, the 
femoral artery pulse wave was measured, and 
the distance between sternal notch and femoral 
artery measurement site was measured. The 
distance (d) was calculated by subtracting the 
sternal notch-to-aorta distance from the sternal 
notch-to-femoral artery distance. The time to 
pulse wave onset was calculated from the QRS 
waves on ECG. The carotid-femoral pulse wave 
velocity (cfPWV) was obtained by dividing 
distance (d) by the difference between the QRS-
to-femoral and QRS-to-aorta pulse wave times 
(Fig. 1).

Statistical analysis

Statistical analysis was performed using SPSS 
22.0 (Statistical Package for the Social Sciences) 
software. The Kolmogorov–Smirnov test or 
Shapiro–Wilk test was used to determine 
whether the data were normally distributed. 
In the evaluation of the data, frequencies and 
percentages were given for qualitative data, 
arithmetic means and standard deviations were 
used for quantitative data, and median and 
minimum-maximum values were given for non-
normally distributed data. The chi-square test or 
Fisher’s exact test was used for the comparison 
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Fig. 1. Carotid-femoral pulse wave velocity (cfPWV) measurement scheme and ECG-assisted cfPWV calculation 
using echocardiography. The time measured over the femoral artery (B) was subtracted from the time measured 
over the descending aorta (A) and cfPWV was calculated by dividing the distance by time. The distance was 
calculated superficially from the sternal notch to where the probe was placed over the femoral artery, and 
subtracted from the distance between the sternal notch and the cursor shown in A.
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of categorical data, whereas Student’s t-test was 
used for the comparison of quantitative data 
between two groups with normally distributed 
data. One-way ANOVA was used for normally 
distributed data consisting of three groups, 
and the Kruskal-Wallis test was used for non-
normally distributed data. The relationship 
between continuous data was evaluated using 
Pearson correlation analysis for normally 
distributed data and Spearman correlation 
analysis for non-normally distributed data. The 
receiver operating characteristic (ROC) curve 
analysis was applied to determine the cut-off 
value for cfPWV in infants of hypertensive and 
diabetic mothers. Univariate and multivariate 
linear regression analyses were applied to 
identify the factors affecting cfPWV. All 
statistical calculations were evaluated at a 95% 
confidence interval and a significance level of p 
< 0.05.

Results

A total of 67 infants were evaluated, and all 
had adequate echocardiographic and Doppler 
measurements. Therefore, all 67 infants (26 
infants of diabetic mothers, 15 infants of 
hypertensive mothers, and 26 control infants) 
were included in the final analysis. The general 
characteristics of the infants and their mothers 
are presented in Table I.

The results of the comparison of infants of 
hypertensive mothers, infants of diabetic 
mothers and the control group in terms of 
maternal and infant demographic characteristics 
are presented in Table II. Compared to the control 
group, infants of diabetic and hypertensive 
mothers were born earlier and cesarean sections 
were significantly more frequent in these groups 
(p = 0.001 and p = 0.002, respectively). The age 
of mothers in the diabetic mother group was 
higher than in the other groups (p=0.005).

The results of the comparison of 
echocardiographic characteristics of infants 
of hypertensive mothers, infants of diabetic 
mothers and infants in the control group are 

given in Table III. The cfPWV values of the 
infants of diabetic mothers were found to be 
significantly higher than those of the other 
groups (p<0.001), whereas the cfPWV values of 
the infants of hypertensive mothers were similar 
to those of the control group (Fig. 2). The right 
ventricular free wall longitudinal strain values 
were more negative in hypertensive infants 
than in the control group. Both hypertensive 
and diabetic infants had higher IVSd values 
than the control group. (p=0.01) RWT values of 
the infants of diabetic mothers were generally 
higher than those of the other groups; however, 
this difference was statistically significant 
only when compared with the control group 

Table I. General characteristics of the infants and 
mothers included in the study.

Mean ± SD (range), 
or n (%)

Infant
Age, day 21.5±5.0 (12-29)
Sex

Male 28 (41.8%)
Female 39 (58.2%)

Birth weight, gr 3,231±484 (2,070-4,240)
Gestational age at birth, 
wk

38.1±0.9 (37-40)

Method of birth
C/S 45 (67.2%)
NSVD 22 (32.8%)

IVF 9 (13.4%)
Mother 

Age, year 31±6 (21-42)
BMI, kg/m2 29.8±4,5 (19.7-42.9)
Parity 2.2±1.4 (1-9)
Hemoglobin, gr/dL 11.3±1.5 (7.3-14.9)
HbA1c, % 5.48±0.48 (4.5-6.5)
Additional diseases

Preeclampsia 4 (6.0%)
Hypertension 21 (31.3%)
Pre-gestational DM 4 (6.0%)
Gestational DM 21 (31.3%)

BMI: body mass index, C/S: Cesarean section, DM: 
diabetes mellitus, IVF: in vitro fertilization, NSVD: Normal 
spontaneous vaginal delivery, SD: standard deviation.
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(p=0.015). There was no difference between 
the groups in atrial strain echocardiographic 
evaluation data.

Univariate and multivariate linear regression 
analyses were performed to determine the 
factors affecting cfPWV values of the 67 infants 
included in the study and the results are 
presented in Table IV. Regression analyses were 
conducted to evaluate the relationship between 
maternal, obstetric, and neonatal factors and 
the outcome variable. In the univariate linear 
regression analysis, maternal age (β=0.299, 
p=0.014), neonatal sex (β=0.342, p=0.005), and 
maternal diabetes (β=0.664, p<0.001) were 
significantly associated with the outcome. 
Maternal BMI (p=0.066) and mode of delivery 
(p=0.078) demonstrated borderline associations. 
Other variables, including parity, birth weight, 

maternal hemoglobin level, conception via 
in vitro fertilization (IVF pregnancy), HbA1c 

Fig. 2. Box plot of cfPWV values of infants of 
hypertensive mothers, diabetic mothers and control 
group.
cfPWV: carotid-femoral pulse wave velocity

Table II. Comparison results of infants and mothers between groups in terms of demographic characteristics.
Control group 

(n=26)
Infants of hypertensive 

mothers (n=15)
Infants of diabetic 

mothers (n=26)
p

Infant
Age, day 22.58±4.66 21.13±5.79 20.65±5.10 0.382
Sex 0.638

Male 12 (46.2%) 7 (46.7%) 9 (34.6%)
Female 14 (53.8%) 8 (53.3%) 17 (65.4%)

Birth weight, g 3,198±451 3,139±459 3,317±533 0.483
Gestational age at birth, wk 38.6±0.9 37.6±0.7 37.9±0.9 0.001a,b

Method of birth 0.002a, b

C/S 11 (42.3%) 13 (86.7%) 21 (80.8%)
NSVD 15 (57.7%) 2 (13.3%) 5 (19.2%)

IVF 3 (11.5%) 1 (6.7%) 5 (19.2%) 0.659
Mother

Age, yr 29±4 28±4 34±7 0.005b,c

BMI, kg/m2 29.02±4.30 31.67±5.36 29.66±4.17 0.198
Parity 2 (1-9) 2 (1-4) 2 (1-5) 0.678
Hgb, g/dL 11.2±1.6 10.9±1.4 11.5±1.3 0.410
HbA1c, % 5.09±0.34 5.58±0.51 5.60±0.45 0.025a,b

Continuous data showing normal distribution were expressed with arithmetic mean±SD; continuous data that did not 
show normal distribution with median (min-max), and categorical data with number (percentage). Continuous data were 
compared with one way ANOVA test or Kruskal-wallis test, while categorical data were compared with chi-square or Fisher 
exact test.
aSignificant difference between infant of control and hypertensive mother group, bSignificant difference between infant of 
control and diabetic mother group, cSignificant difference between infant of hypertensive mother and diabetic mother group
BMI: body mass index, C/S: cesarean section, Hgb: hemoglobin, IVF: in vitro fertilization, NSVD: Normal spontaneous 
vaginal delivery, SD: standard deviation
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level, and maternal hypertension were not 
significantly associated with the outcome. 
Variables with p<0.25 in the univariate linear 

regression analysis were included in the 
multivariate linear regression analysis.

Table III. Comparison results of the infants between the groups in terms of echocardiographic features.
Control group 

(n=26)
Infants of hypertensive 

mothers (n=15)
Infants of diabetic 

mothers (n=26)
p

cfPWV, m/s 4.56±1.04 4.65±1.10 6.34±1.00 <0.001b,c

LV GLPS, % -20.28±2.27 -20.40±1.51 -19.64±2.26 0.442
RV free wall strain longitudinal, % -21.05±4.39 -25.55±6.85 -23.08±3.88 0.029a

RV global longitudinal peak strain, % -18.96±3.01 -21.09±2.28 -20.46±2.80 0.057
LA reservoir strain, % 46.64±10.63 48.46±10.75 48.80±12.04 0.774
LA conduct strain, % -30.04±10.70 -35.49±12.26 -30.26±8.33 0.230
LA contraction strain, % -15.4 (-27.2 - -0.9) -14.4 (-25.2 - -1) -15.1 (-39.4 - -7.8) 0.749
IVSd, mm 4.32±0.59 4.84±0.53 4.94±1.03 0.014a,b

LVM, gram 11.41±2.65 11.23±2.05 11.54±2.84 0.932
LVMI, gr/m2 45.54±9.33 48.25±7.18 48.27±10.32 0.510
RWT 0.42±0.06 0.44±0.08 0.49±0.12 0.015b

Continuous data showing normal distribution were expressed with arithmetic mean±SD; and continuous data that did not 
show normal distribution with median (min-max. Continuous data were compared with one way ANOVA test or Kruskal-
wallis test.
aSignificant difference between infant of control and hypertensive mother group, bSignificant difference between infant 
of control and diabetic mother group, cSignificant difference between infant of hypertensive mother and diabetic mother 
group.
 cfPWV: carotid-femoral pulse wave velocity, IVSd: interventricular septum thickness, LA: left atrium, LV GLPS, left 
ventricular global longitudinal peak strain, LVM: Left ventricular mass, LVMI: Left ventricular mass index, RV: right 
ventricle, RWT: Relative wall thickness.

Table IV. Univariate and multivariate linear regression analysis for factors affecting cfPWV.
Univariate linear regression analysis Multivariate linear regression analysis

t p β (95% CI for β) t p β (95% CI for β)
Age of mother 2.527 0.014 0.299 (0.014-0.117) 2.289 0.031 0.318 (0.006-0.122)
Maternal BMI -1.868 0.066 -0.227 (-0.137-0.005) -1.929 0.066 -0.268 (-0.164-0.006)
Parity 0.745 0.459 0.092 (-0.138-0.303)
Method of birth (ref: NSVD) 1.790 0.078 0.217 (-0.070-1.291) 0.363 0.720 0.051 (-0.766-1.093)
Sex (ref: Male) 2.933 0.005 0.342 (0.293-1.541) 0.327 0.746 0.043 (-0.640-0.881)
Birth weight 0.851 0.398 0.105 (0.001-0.010)
Maternal hemoglobin -0.885 0.379 -0.110 (-0.317-0.122)
IVF 0.815 0.418 0.101 (-0.566-1.346)
HbA1c 1.476 0.149 0.242 (-0.263-1.668) -0.228 0.822 -0.032 (-0.937-0.751)
Group (ref: Control Group)

Maternal hypertension 0.263 0.794 0.042 (-0.605-0.786)
Maternal diabetes 6.279 <0.001 0.664 (1.206-2.341) 4.418 <0.001 0.635 (1.046-2.880)

Multivariate linear regression; R=0.797, R2=0.635, Adjusted R2=0.543. 
BMI: body mass index, IVF: in vitro fertilizasyon, NSVD: Normal spontaneous vaginal delivery, t: test statistic, 
β: standardized linear regression coefficient, CI: confidence interval.
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In the multivariate linear regression model, 
maternal age (β=0.318, p=0.031) and maternal 
diabetes (β=0.635, p<0.001) remained 
independent predictors of the outcome 
variable. Maternal BMI (p=0.066), mode of 
delivery (p=0.720), neonatal sex (p=0.746), 
HbA1c level (p=0.822), parity, birth weight, 
maternal hemoglobin, IVF pregnancy, and 
maternal hypertension were not independently 
associated with the outcome.

The overall regression model demonstrated 
good explanatory capacity (R=0.797, 
R²=0.635, adjusted R²=0.543), indicating that 
approximately 63.5% of the variability in the 
outcome variable could be explained by the 
included predictors.

Discussion

Pulse wave velocity, a measure of arterial 
stiffness, predicts coronary heart disease, 
stroke, and cardiovascular mortality in adults.20 
This study found that infants born to mothers 
with gestational diabetes had higher pulse wave 
velocity values compared to controls or infants 
born to mothers with gestational hypertension. 
These findings suggest that maternal metabolic 
status influences neonatal arterial stiffness. 
The differences in PWV indicate a potential 
cardiovascular risk, suggesting that newborns’ 
cardiovascular systems may undergo arterial 
stiffening due to maternal diabetes during the 
intrauterine period. The findings highlight the 
need to investigate prenatal diabetes exposure 
and examine the pathophysiological processes 
underlying vascular remodeling in newborns. 
Another important aspect was evaluating 
atrial and ventricular strain echocardiography, 
a technique not commonly used in neonates. 
Although the data showed no significant 
findings regarding early cardiac involvement, 
the assessment of atrial strain echocardiography 
for the first time in this population is noteworthy.

Increased PWV values have been documented 
in pediatric populations with conditions such 
as obesity, diabetes mellitus, and after heart 

transplantation procedures.21 Although the 
data are conflicting, some perinatal factors may 
affect arterial stiffness later in life. Increased 
pulse wave velocity has been reported in 
adolescents with a history of preterm delivery, 
as well as in children born small for gestational 
age or whose mothers consumed alcohol 
during pregnancy.22,23 Although there is limited 
research on pulse wave velocity in newborns, 
this remains an area that requires further 
exploration and clarification. In our study, the 
factors that may be associated with increased 
PWV in newborns were evaluated using the 
cfPWV method which is accepted as the gold 
standard.

Previous studies on pulse wave velocity in 
newborns report varying findings. One study 
measured aortic PWV of 30 newborns within 5 
days and found an average of 4.6 m/s.10 Another 
study by Alwan et al. examined 284 infants 
aged 14 to 42 days and found a mean brachial-
femoral PWV of 6.7 m/s (brachial-ankle PWV 
measurements in adults are approx. 20% higher 
than cfPWV measurements).24 A study using 
cardiac magnetic resonance imaging (MRI) on 
15 newborns found PWV measurements from 
the thoracic arch to be 5.4 m/s in “time to peak” 
and 4.2 m/s in “time to foot” measurement.25 
The mean cfPWV value of our control group 
was 4.56 m/s, consistent with two other studies 
but differing from Alwan et al (likely due to 
differences in measurement technique). PWV 
values varied across studies due to factors like 
ambient temperature, measurement timing, 
and patient agitation.26,27 Arterial stiffness 
can be assessed through various methods, 
with cfPWV recognized as the most effective 
non-invasive technique. While MRI provides 
superior measurements through three-
dimensional imaging, its pediatric use is limited 
by sedation requirements, long examination 
time, high cost, and the need for specialized 
personnel. Echocardiographic assessment 
of cfPWV is the most reliable non-invasive 
indicator of aortic pulse wave velocity, though 
limited because the sternal notch to femoral 
artery distance doesn’t represent true aortic 
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distance. Brachial-ankle and finger-toe pulse 
wave velocity measurements are less preferred 
as they don’t reflect true values, despite their 
rapid measurement.28 To standardize arterial 
stiffness assessment in newborns, examining 
large-scale cohort studies and the identification 
of influencing factors remains crucial.

The central finding of our study was that the 
cfPWV values were significantly elevated in 
infants born to mothers with gestational diabetes 
compared to both the infants of hypertensive 
mothers group and the healthy control group. 
No statistically significant difference was found 
between the infants of hypertensive mothers 
and the control group. Although there are very 
few studies in this area in newborns, PWV 
values were found to be increased in infants 
of diabetic mothers compared to the control 
group in the neonatal period9 and to be similar 
to the control group in infants of hypertensive 
mothers in the Baby VIP study.10 Subsequent 
studies on infants of diabetic mothers beyond 
the neonatal period have consistently reported 
elevated PWV values compared to the control 
group.29,30 However, the lack of significant 
findings regarding arterial stiffness in infants 
born to hypertensive mothers in our study and 
a few others could be attributed to the small 
sample sizes. Since increased PWV detected 
in infants of diabetic mothers may constitute a 
risk factor for cardiovascular diseases and end-
organ damage, studies including long-term 
follow-up should be conducted in this field 
and these patients should be monitored more 
closely for cardiovascular diseases.

The results of the multivariate linear regression 
analysis in our study indicate that increased 
maternal age and maternal diabetes mellitus 
were the key factors predicting cfPWV values 
(p= 0.031 and ≤ 0.001 respectively). The findings 
of our study are consistent with those of previous 
studies. Previous studies have shown that 
hyperglycemia can have detrimental effects on 
endothelial progenitor cells31 and that advanced 
maternal age as well as gestational diabetes 
mellitus have been associated with impaired 
vascular development in newborns.32,33 Factors 

such as maternal BMI, parity, mode of delivery, 
birth weight, maternal hemoglobin levels, and 
IVF pregnancy did not significantly influence 
cfPWV in our study population.

In our study, the mode of delivery was not 
found to be an independent determinant of 
the outcome. Cesarean section demonstrated 
a borderline association in the univariate 
analysis (p=0.078); however, this relationship 
disappeared after adjustment for confounding 
variables in the multivariate model (p=0.720). 
This finding suggests that the apparent 
association observed initially was likely related 
to underlying maternal characteristics rather 
than the delivery route itself. In particular, 
cesarean delivery is more frequently performed 
in pregnancies complicated by maternal 
conditions such as diabetes or advanced 
maternal age, which may account for the 
unadjusted association. Therefore, the route of 
delivery alone does not appear to influence the 
studied outcome.

The gestational age was significantly lower in 
infants born to both hypertensive and diabetic 
mothers compared to the control group. No 
significant difference in gestational age was 
found between infants of mothers with diabetes 
and infants of hypertensive mothers. The 
existing literature provides relevant insights. A 
comprehensive study by Metclafe et al. found 
that diabetic mothers delivered their infants 
earlier than the control group, consistent with 
the findings in our study.34 Conversely, a 
cohort study by Palmsten et al. did not observe 
any difference in gestational age between 
hypertensive mothers and the control group.35 
However, a 2021 study by Bello et al., which 
included 137,000 pregnant women, reported 
that hypertensive mothers gave birth at earlier 
gestational ages.36 Pregnancies complicated 
by hypertension and/or diabetes can result 
in metabolic and vascular abnormalities, as 
well as elevated risks of pregnancy-related 
complications. These factors may contribute 
to placental insufficiency, necessitating 
earlier delivery.37 Additionally, the increased 
frequency of cesarean sections observed among 
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these patients in the present study may also be 
a factor in the earlier gestational age at birth.36

In this study, the mean IVSd in infants born to 
mothers with diabetes was significantly higher 
than in the control group. Studies on infants 
of diabetic mothers have reported elevated 
IVSd values compared to controls, attributed to 
increased insulin levels during pregnancy.29,38 
According to Breatnach et al., there was no 
significant difference in interventricular septal 
diameter between infants of hypertensive 
mothers and controls in echocardiographic 
examinations within 48 hours after birth.39 Our 
findings corroborate earlier research, showing 
that infants of diabetic mothers have increased 
IVSd values compared to controls. However, 
we also observed that IVSd values in infants 
of hypertensive mothers were higher than in 
controls, contrary to existing literature. Previous 
studies have not reported similar findings 
regarding ventricular structures in infants of 
hypertensive mothers. Research by Vogg et al. 
showed that newborns exposed to maternal 
hypertensive disorders, particularly those born 
to preeclamptic mothers, exhibit increased 
thickness of left ventricular and septal walls 
compared to controls.40 While the reasons for 
this increased thickness remain unclear, it may 
be attributed to fetal hypoxia from maternal 
hypertension and elevated catecholamine 
levels. Vogg et al. noted limited evidence for 
this relationship in infants of hypertensive 
mothers without preeclampsia.40 Our study 
highlights the need for further investigations to 
evaluate these findings and elucidate potential 
pathophysiological associations.

The remodeling patterns of the left ventricle 
can be assessed through echocardiographic 
measurement of RWT and are categorized 
as normal or adverse. The adverse category 
is divided into eccentric or concentric 
remodeling. Research has shown that 
concentric remodeling, marked by high 
RWT, is associated with increased morbidity 
and mortality in hypertensive patients with 
hypertrophic cardiomyopathy.23 The mean 
RWT of infants in our study was 0.45±0.10. An 

RWT value exceeding 0.41 suggests concentric 
remodeling or concentric hypertrophy; these 
cardiac alterations are distinguished by LVMI, 
with no established range for this parameter 
in newborns. In a study on preterm newborns 
weighing up to 2 kg, the mean RWT was 0.33, 
with an upper limit of 0.38, corresponding to the 
80th percentile.41 The lack of studies involving 
term newborns highlights the need for further 
research. In a study comparing a control 
group with infants born to diabetic mothers, 
both groups at 2 months of age, the RWT was 
0.38 for controls and 0.5 for infants of diabetic 
mothers.41 Consistent with literature, our study 
found that RWT of infants born to mothers with 
diabetes was significantly higher than in the 
control group.

Myocardial deformation, referred to as strain, 
encompasses the percentage change in length 
or thickness from the initial state. Strain is 
a physical concept describing the relative 
deformation of an elastic structure in response 
to an applied force. Strain echocardiography 
was utilized to evaluate the strength and 
contractile performance of the cardiac 
musculature.42 The software developed for 
this method allows precise measurement of 
heart muscle motion in selected regions on 
2D and 3D echocardiographic images. Strain 
echocardiography provides a more sensitive 
and quantitative assessment of myocardial 
function compared to traditional measures like 
ejection fraction, allowing for earlier detection 
of subtle abnormalities. It can detect changes 
in myocardial deformation that may not be 
apparent with conventional methods.43 The 
limited literature presents a mixed picture 
regarding ventricular strain in infants of mothers 
with diabetes and/or hypertension. Some studies 
have reported lower left and right ventricular 
values in infants of diabetic mothers compared 
to the control group.44 Other studies have found 
less negative left ventricular strain in infants 
of hypertensive mothers, but no difference 
in right ventricular strain.39 Additionally, 
another study observed no divergence in left 
or right ventricular strain between infants of 
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hypertensive mothers and controls, though 
the right ventricular strain was less negative 
in infants of preeclamptic mothers relative to 
the control group.45 We observed a statistically 
significant difference between the groups in 
terms of the RV free wall longitudinal strain (p 
≤ 0.001) in our study. The RV free wall strain 
longitudinal value of the infants of hypertensive 
mothers was significantly more negative than 
that of infants of the control group. There were 
no statistically significant differences in other 
strain parameters (p>0.05). Right ventricular 
strain parameters in neonates may be influenced 
by gestational age and postnatal cardiovascular 
adaptation, including transitional changes in 
pulmonary vascular resistance. The slightly 
lower gestational age in infants of hypertensive 
mothers may have contributed to the observed 
differences in RV strain parameters. However, 
these values remained within the normal range 
and were not considered clinically significant.46 
Traditional parameters indicate atrial function 
through instantaneous measurement at a single 
point in the cardiac cycle. However, the empty 
volume and fraction in the atrial phase can also 
be calculated to assess atrial function. These 
measurements however are sensitive to atrial 
load and indirectly reflect the atrial myocardial 
properties. Analyzing atrial myocardial 
mechanics with strain and strain rate imaging is 
very important as it allows direct measurement 
of atrial myocardial deterioration.47 Atrial strain 
imaging in pediatric populations has been 
utilized to assess subtle atrial dysfunction, 
diastolic function, and remodeling in congenital 
heart disease, cardiomyopathies, and other 
conditions affecting cardiac function.48 Although 
no studies have specifically evaluated left atrial 
strain in newborns of diabetic and hypertensive 
mothers, to the best of our knowledge, this is 
the first study in the literature to address this 
topic. Our study’s left atrial reservoir strain of 
47.89% and contraction strain of 15.04% were 
comparable to those reported in a study of 
healthy infants aged 0-24 months (52.8% and 
14.2%, respectively).49 It is important to note 
that in our study, there were no statistically 
significant differences in left atrial strain 

parameters between newborns of diabetic or 
hypertensive mothers and the control group, 
suggesting that, within our cohort, maternal 
diabetes and hypertension may not have a 
significant impact on neonatal left atrial function 
as assessed by strain echocardiography.

Limitations

Despite these findings, several limitations of 
the present study should be considered when 
interpreting the findings. First, the sample 
size was relatively small, particularly in the 
subgroup of infants of hypertensive mothers, 
which may have limited statistical power. 
Second, although maternal diagnoses were 
established according to standard clinical 
criteria during routine antenatal follow-up, 
subclinical metabolic alterations cannot be 
completely excluded. Finally, neonatal blood 
pressure was not systematically measured 
during echocardiographic assessment, although 
all infants were clinically stable at the time of 
examination and a substantial proportion were 
delivered and monitored at our institution. 

Conclusion

The analysis of arterial stiffness in infants 
of diabetic mothers, infants of hypertensive 
mothers, and controls showed that advanced 
maternal age and maternal diabetes were 
particularly associated with increased cfPWV. 
Although increased cfPWV has been shown 
to be associated with cardiovascular events 
and end-organ damage, its effect in newborns 
is not clearly known. Echocardiographic 
assessment revealed an increased thickness of 
the interventricular septum in infants born to 
mothers with diabetes and hypertension, as 
compared to the control group. Additionally, 
RWT was observed to be higher in infants of 
diabetic mothers. This study highlights the 
potential influence of maternal metabolic status 
on neonatal cardiac morphology and vascular 
function. In contrast, atrial and ventricular 
strain parameters were not significantly affected 
in this patient group. The findings suggest 
that maternal metabolic status can influence 
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neonatal cardiac morphology and vascular 
function. Based on the data presented, further 
research is warranted to investigate whether the 
observed effects on arterial stiffness in infants 
of diabetic mothers persist into older ages and 
have long-term implications for the health of 
these patients.
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