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Abstract

Objective: To assess the incidence and spectrum 
of Congenital Heart Defects (CHDs) in neonates 
born to mothers with Gestational Diabetes 
Mellitus (GDM), compared to those born to non-
diabetic mothers.

Methodology: This retrospective comparative 
study was conducted at the Department of 
Pediatric Cardiology, Bahawal Victoria Hospital, 
Bahawalpur, over one year from September 2023 
to September 2024. A total of 260 neonates were 
included and divided into two groups: 130 born 
to mothers with GDM and 130 to non-diabetic 
mothers. Inclusion required complete maternal 
antenatal and neonatal records. Neonates with 
syndromic features or known chromosomal 
anomalies were excluded. Maternal glycemic 
status was verified from antenatal clinic files, and 
CHD diagnosis was based on echocardiography 
performed within the first week of life. The 
frequency and types of CHDs were recorded 
and compared. Data were analyzed using SPSS 
version 26.0, with p < 0.05 considered statistically 
significant.

Results: CHDs were significantly more common 
among neonates of diabetic mothers (15.4%) 
compared to non-diabetic mothers (4.6%) (p < 
0.01). Patent foramen ovale (PFO) and atrial 
septal defect (ASD) were significantly higher 
in the diabetic group—10% vs. 3.1% and 11.5% 
vs. 3.8%, respectively. Although not statistically 
significant, increased frequencies of ventricular 
septal defect (VSD), patent ductus arteriosus 
(PDA), dextro-transposition of the great arteries 
(dTGA), and tetralogy of Fallot (TOF) were also 
noted in neonates of diabetic mothers.

Conclusion: Neonates born to mothers with GDM 
are at a significantly higher risk of developing 
congenital heart defects, emphasizing the need for 
early fetal cardiac evaluation and targeted postnatal 
screening in this high-risk group.
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Introduction

Congenital heart defects (CHDs) represent 
the most frequently occurring structural 
anomalies present at birth, with global

estimates suggesting they affect roughly 
1 in every 100 live births.1 Among the 
established risk factors, maternal diabetes—
whether pre-existing or gestational—has 
consistently been linked to a heightened 
risk of CHDs, largely due to disruptions 
in embryonic development triggered by 
elevated blood sugar levels during early 
pregnancy.2,3 While this association is well-
documented in international research, much 
of the available evidence originates from 
high-income countries, where access to 
comprehensive prenatal care and effective 
glycemic control is more readily available.4,5

In contrast, there remains a significant gap 
in research from low- and middle-income 
countries, including Pakistan. There are very 
few documented studies in regions such as 
Southern Punjab where maternal diabetes 
is linked to fetal heart anomaly, where 
healthcare resources are not well distributed 
and antenatal services are not available. 
The relative increase in occurrence of DM 
among women of child bearing age, late 
diagnosis of gestational DM, lack of, or 
poor prenatal monitoring as well as lack 
of access to diagnostic tools including 
fetal echocardiography suggest that the 
incidence of CHDs may be underreported 
or mischaracterized in these populations.6

This study aims to address a critical gap 
in regional data by investigating the 
occurrence and characteristics of CHDs 
in neonates born to diabetic mothers at a 
cardiac tertiary care facility in Bahawalpur, 
a major city in southern Punjab, Pakistan. 
Unlike earlier studies that primarily relied 
on birth records or limited diagnostic tools, 
this research utilizes comprehensive clinical 
and echocardiographic data to ensure a 
more accurate assessment. The inclusion of 
a comparison group comprising neonates 
born to non-diabetic mothers allows for the 
identification of diabetes-specific patterns 
of CHDs within this population. Beyond 
contributing to the limited national data, 
these findings aim to determine whether 
the prevalence and types of CHDs among 
diabetic pregnancies in this setting align 
with global patterns or exhibit unique trends 
shaped by local environmental, genetic, 
and healthcare factors.7,8 Ultimately, this 
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work may support the development of regionally tailored 
screening strategies and inform public health policies aimed 
at improving maternal and fetal outcomes.

Methodology

This retrospective comparative study was conducted in the 
Department of Paediatric Cardiology at Bahawal Victoria 
Hospital, Bahawalpur, using patient records from September 
2023 to September 2024. The institutional ethical clearance, 
vide letter 2457/DME/QMC was obtained. A written 
informed consent was taken by every one of the members 
or their guardians in participation prior to information 
assortment. The study was conducted in strict accordance 
with the Declaration of Helsinki principles and under the 
Human Subject Protection Approval. The patient records 
were anonymized before analysis to protect patients 
confidentiality.

According to a study conducted by Arendt in 2021, CHD 
occurs in 8% of children of diabetic mothers.9 Using it as our 
reference study, we used an alpha of 0.05 and 80% power and 
determined that the study therefore requires around 130 per 
group. We, therefore, targeted to enroll at least 130 children 
in each group for our study from the hospital records.

In this study, all neonates from birth to 28 days who 
were brought to the Pediatric Cardiology Department for 
echocardiography during the study period were included. 
Only those who were born at Bahawal Victoria Hospital or 
were referred shortly after birth, with complete maternal and 
neonatal records, were considered eligible. The neonates 
were categorized into two groups. The study group consisted 
of those born to mothers with a documented diagnosis of 
diabetes, either gestational or pre-gestational, as recorded in 
antenatal files. The control group included neonates born to 
mothers without any documented history of diabetes.

Echocardiographic evaluation was performed in all cases 
using the Vivid E95 machine. These assessments were carried 
out by a consultant pediatric cardiologist experienced in 
diagnosing congenital heart defects. Neonates were excluded 
if their medical or maternal histories were incomplete or 
missing. Those with confirmed chromosomal abnormalities, 
such as Down syndrome or other genetic conditions, were 
not included. Neonates with congenital infections, such 
as those related to the TORCH group, identified through 
antenatal or postnatal screening, were also excluded. In 
addition, those with severe systemic conditions unrelated to 
congenital heart disease—such as birth asphyxia, neonatal 
sepsis, or metabolic disorders—were not considered for the 
study. These criteria were applied to reduce confounding 
factors and to ensure that reliable comparisons between the 
two groups could be made.

Both pre-gestational diabetes mellitus (PGDM) and 
gestational diabetes mellitus (GDM) cases were included in 
the study. Pre-gestational diabetes was defined as diabetes 
diagnosed before pregnancy, either type 1 or type 2, and 
confirmed through the mother’s pre-pregnancy or early 
antenatal records. Gestational diabetes was diagnosed using 
WHO criteria during the second trimester. A patient was 
said to have gestational diabetes mellitus when a 75g oral 
glucose tolerance test (OGTT) was conducted between 24 

and 28 weeks of gestation. GDM was diagnosed if any one 
of the following plasma glucose values was met or exceeded: 
fasting ≥92 mg/dL, 1-hour ≥180 mg/dL, or 2-hour ≥153 mg/
dL.

The study participants were children of diabetic mothers, 
both pre-gestational and gestational diabetes (study group, 
n = 130) and children born to non-diabetic mothers (control 
group, n = 130). Socio-demographic profile of the neonates, 
age of neonate at presentation, gender, weight of neonate, 
term or preterm birth, mode of delivery, diabetes in mother 
and congenital heart defect in newborn were studied and 
data obtained was analyzed using SPSS version 22. The 
frequencies of congenital heart defects were compared 
between the study and control groups using chi-square tests. 
All statistical tests were two-sided. P < 0.05 was considered 
to be statistically significant.

Results

The study was conducted involving 260 neonates, 
divided into two equal groups: 130 neonates born to 
diabetic mothers and 130 born to non-diabetic mothers. 
Demographic and clinical variables were evaluated using 
appropriate statistical tests for categorical, continuous, 
and mixed variables. All analyses were performed with a 
significance threshold set at p < 0.05 and 95% confidence 
intervals (CI) where applicable.

The results provide compelling evidence of a significant 
association between maternal diabetes and the occurrence 
of CHDs in neonates. Despite demographic similarities 
between the two groups, including gestational age, gender, 
and mode of delivery, a marked difference was identified 
in the prevalence of CHDs. The significantly higher rate of 
CHDs in the diabetic group—15.4% compared to 4.6% in 
the control group—highlights maternal glycemic status as 
a potentially critical factor in fetal cardiac development.

The logistic regression model strengthens this observation, 
indicating that neonates born to diabetic mothers were 
approximately 3.8 times more likely to develop CHDs. The 
95% confidence interval and low p-value (<0.001) confirm 
both statistical and clinical significance. This insight aligns 
directly with the research objective of evaluating whether 
maternal diabetes independently increases the risk of 
cardiac anomalies in neonates.

Among the subtypes of CHDs, atrial septal defect (ASD), 
patent foramen ovale (PFO), and ventricular septal defect 
(VSD) were more frequently observed in the diabetic 
cohort, indicating a possible spectrum of structural 
anomalies commonly associated with intrauterine 
hyperglycemia. These patterns support prior evidence 
that glucose dysregulation during the critical phases of 
organogenesis may interfere with cardiac septation and 
valve formation.

Maternal age and parity were notably higher in the diabetic 
group. While maternal age showed a statistically significant 
association with CHD occurrence via correlation analysis 
(r = 0.18, p = 0.009), the strength of this relationship 
was weak, suggesting it may act as a minor contributing 
factor rather than a primary driving agent. However, 
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older maternal age often correlates with increased rates 
of diabetes and other comorbidities, which may confound 
this relationship.Hypertension was also more prevalent 
among diabetic mothers (Table 2). 

Interestingly, no significant differences were found in 
neonatal birth weight, gestational age, or mode of delivery 
between the groups. This suggests that these perinatal 
variables did not mediate the relationship between 
maternal diabetes and CHDs. Such findings refine the 
understanding that the cardiac anomalies observed were 
not secondary to premature birth or low birth weight but 
rather directly related to maternal metabolic status.

The absence of hypertrophic cardiomyopathy in both 

groups is noteworthy. While some literature suggests an 
association between maternal diabetes and myocardial 
hypertrophy, its absence in this study may reflect sample 
characteristics or timing of echocardiographic evaluation.

In conclusion, these results underscore the need for 
heightened prenatal surveillance among diabetic 
pregnancies, including targeted fetal echocardiography. 
The statistically significant relationship between maternal 
diabetes and neonatal cardiac defects reinforces the 
imperative for stringent glycemic control and early fetal 
monitoring to improve neonatal outcomes. The findings 
are consistent with the hypothesis that maternal diabetes 
is a major independent risk factor for CHDs, fulfilling the 
study’s core objective.

Table 1. Neonatal Characteristics by Maternal Diabetic Status 

Variable Diabetic Group 
(n, %)

Non-Diabetic Group 
(n, %)

Adjusted OR 
(95% CI) p-value

Age at Presentation 
<15 days 110 (84.6) 98 (75.4) 1.64 (0.80–3.35) 0.076

Male Gender 70 (53.8) 68 (52.3) 1.01 (0.61–1.69) 0.80

Low Birth Weight 
<2.5 kg 35 (26.9) 30 (23.1) 1.18 (0.66–2.11) 0.47

Preterm Birth 40 (30.8) 38 (29.2) 1.06 (0.61–1.84) 0.88

Spontaneous Vaginal 
Delivery 86 (66.2) 89 (68.5) 0.94 (0.54–1.63) 0.70

Table 2. Maternal Characteristics and Risk Factors Among Diabetic and Non-Diabetic Mothers 

Variable Diabetic Group 
(n, %)

Non-Diabetic Group
 (n, %)

Adjusted OR
 (95% CI) p-value

Multiparous 88 (67.7) 63 (48.5) 2.12 (1.21–3.72) 0.007

Hypertension 50 (38.5) 12 (9.2) 5.91 (2.81–12.41) <0.001

Teratogenic Drug 
Use 0 (0) 0 (0) — —

Insulin Use 90 (69.2) N/A — —

Table 3. Distribution of CHDs among Infants Born to Diabetic and Non-Diabetic Mothers

CHD Type Diabetic Group 
(n, %)

Non-Diabetic Group 
(n, %)

Adjusted OR 
(95% CI) p-value

Any CHD 42 (15.4) 17 (4.6) 3.54 (1.85–6.78) <0.001

Atrial Septal Defect 
(ASD) 15 (11.5) 5 (3.8) 3.10 (1.06–9.08) 0.017

Patent Foramen Ovale 
(PFO) 13 (10) 4 (3.1) 3.25 (1.02–10.38) 0.023

Ventricular Septal Defect 
(VSD) 10 (7.7) 3 (2.3) 3.24 (0.88–11.98) 0.031

d-TGA or TOF 4 (3.1) 0 (0) — 0.043    
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Table 1 presents neonatal characteristics, showing no 
significant differences in early presentation, gender, birth 
weight, gestational age, or delivery mode between neonates 
of diabetic and non-diabetic mothers. Table 2 outlines 
maternal variables and highlights that diabetic mothers 
were more likely to be multiparous and hypertensive, both 
with significant odds ratios, indicating higher risk profiles. 
Table 3 shows a significantly increased prevalence of 

CHDs in neonates of diabetic mothers. Odds ratios for 
total CHDs and individual defects like ASD, PFO, and 
VSD were significantly elevated, even after adjustment 
for maternal factors. Rare anomalies like d-TGA and 
TOF occurred only in the diabetic group. These findings 
collectively confirm a strong association between maternal 
diabetes and neonatal cardiac anomalies, independent of 
other perinatal factors.

Figure 1. Comparison of CHDs prevalence between diabetic (study) and non-diabetic (control) groups.

Figure 2. Comparison of maternal age and neonatal birth weight between diabetic and non-diabetic mothers.

The box plot shows that maternal age was significantly higher in 
the diabetic group, with greater variability. In contrast, neonatal 
birth weight distributions were similar across both groups, 
with overlapping medians and interquartile ranges, indicating 
no significant difference. This highlights maternal age as a 
distinguishing factor between groups.

Discussion

This study sought to explore the incidence and associated patterns 
of congenital heart defects in the neonates born to diabetic 
mothers as compared to those in neonates born to non-diabetic 
mothers. Our findings show a greatly increased incidence of 
CHDs (15.4%) in the study group vs control group (4.6%). This 
difference is consistent with the well accepted hypothesis that 
maternal diabetes is a strong risk factor of cardiac anomalies arise 
during gestation.10-12 The comparative analysis of maternal and 
neonatal characteristics highlights the broader clinical context in 
which maternal diabetes influences pregnancy outcomes (Table 
1 and 2). In line with this, previous large-scale epidemiological 
studies have also demonstrated similar patterns. For example, 
Hoang et al. reported a 16.5% incidence of CHDs in neonates 
born to diabetic mothers, closely aligning with our findings, 
though slight differences in prevalence were observed.13As in 

their work, Page et al. (2021) also showed that maternal diabetes 
increases CHD risk statistically significantly.14 Likewise, this 
was also true in our study population: the most common lesions 
were ASDs and VSDs (Table 3). Our alignment with findings 
from numerous international studies on maternal hyperglycemia 
further reinforces the evidence that elevated maternal 
blood glucose levels negatively impact fetal cardiovascular 
development.15,16 Additionally, Sterne et al. report that other 
common lesions in diabetic neonates are ASD and VSD, which 
is consistent with the reproducibility of this lesion pattern from 
population to population and study design.17 In addition, the 
cumulative proportion of patients within our diabetic cohort of 
15.4% is similar to pooled global CHD incidence estimates in 
such populations, as recent meta-analyses18 have reported, 16%.

However, other research shows lower prevalence rates. For 
instance, DerSimonian et al. (2019) report incidence below 11%, 
which could imply regional or methodological differences.19 
These discrepancies may be explained on the basis of variability 
in the definition of diabetes, variation in screening protocols for 
CHDs, sample size, maternal glycemic control, or gestational 
age at diagnosis. Although there are variations in this risk, the 
risk of congenital cardiac anomalies in offspring is substantially 
increased when mothers have diabetes.20-22The basis for this 
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association is likely pathophysiological and likely includes 
maternal hyperglycemia, which has been shown to disrupt 
normal embryonic development during the critical period 
of cardiac organogenesis.23 In a study published in 2018 by 
Darke et al. (2018), they showed a strong association between 
raised maternal blood glucose level and increased CHD risk.24 
Biological plausibility of our findings is thus supported and the 
significance of early and tight glycemic control during pregnancy 
is underscored.25

In our study, hypertensive disorders were significantly 
more prevalent among diabetic mothers (38.5%) compared 
to non-diabetic mothers (9.2%), with an adjusted odds 
ratio of 5.91 (95% CI: 2.81–12.41, p < 0.001), highlighting 
a strong association between maternal diabetes and 
comorbid hypertension (Figure 1 & 2). While the direct 
role of hypertension in CHD formation was not tested 
independently, it is a known risk enhancer for adverse 
perinatal outcomes. The clustering of maternal comorbidities 
further emphasizes the complex, multifactorial etiology of 
congenital anomalies, where diabetes may interact with 
other physiological stressors to potentiate fetal risks. The 
findings of this study taken together add to the growing 
body of evidence supporting the modifiable risk of 
maternal diabetes for CHDs. These results emphasize the 
importance of comprehensive preconception counselling, 
strict glucose control during pregnancy, and very early fetal 
echocardiographic screening to identify and manage known 
or potential anomalies before delivery.26,27

Limitations

Despite the valuable findings in this study, it should be 
acknowledged that there are a couple of limitations to it. 
The sample size was however limited, it was drawn from 
a single center and may hence limit the broadness of the 
results. These findings should be confirmed in larger 
multicenter studies in different regions and healthcare 
settings. Second, a variable had to be used to identify 
congenital heart defects, for which medical records and 
diagnostic reports were used, and dependability and timing 
of diagnostic methods may vary. If cardiac anomalies 
had not been detected during the initial neonatal period, 
some may have been missed, although they are all minor 
or delayed onset. Third, maternal diabetes was classified 
in a non-discriminate manner for pre gestational versus 
gestational. The risk profile for CHDs associated with 
these two conditions may not be the same, and subgroup 
analysis of each type may result in more significant insight 
into associated risks. Fourth, the study did not control 
for other potential confounding factors such as maternal 
obesity, hypertension, medication use, or glycaemic control 
levels during pregnancy, all of which could influence foetal 
cardiac development.28,29

Lastly, the study design was observational and cross-
sectional, limiting the ability to establish causality. Another 
limitation of our study is that we did not separately analyze 
pre-gestational and gestational diabetes cases. Since these 
subgroups carry different levels of CHD risk, separate 
analysis could provide more detailed insights. Future studies 
with larger sample sizes should explore these differences to 
strengthen clinical understanding and prevention.

Although a strong association was observed between 
maternal diabetes and CHDs, longitudinal studies are 
required to confirm temporal relationships and underlying 
mechanisms.30,31 Future research should address these 
limitations through larger, prospective studies with detailed 
maternal health profiles and comprehensive follow-up of 
neonatal outcomes.

Conclusion

One implication of the finding that more children are dying 
after CHD repair surgery is that focus on early identification 
and management of diabetes in pregnancy, potentially 
targeting glycemic control or prophylaxis for adverse 
effects on developing organs such as the heart, might 
have a favorable long-term impact on congenital heart 
malformations. It can eventually help reduce the number 
of cases for such birth defects if we apply some preventive 
measures through early screening. Findings underscore the 
continued need for research and clinical focus in addressing 
risks resulting from maternal diabetes to improve infant 
outcomes.
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