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ABSTRACT 

Objective: To determine the type of cardiac anomalies on echocardiography in neonates delivered to mothers diagnosed with gestational 

diabetes mellitus (GDM) and evaluate the association of neonatal cardiac defects with maternal treatment during pregnancy. 

Methodology: This cross-sectional study was conducted at the Department of Pediatrics, Ittefaq Trust Hospital, Lahore from August 2024 

to January 2025 after ethical approval. A total of 108 neonates delivered to mothers with gestational diabetes were included using non-

probability consecutive sampling technique. After taking informed consent from parents, they were screened by using echocardiography 

and neonatal cardiac anomalies were noted, if present. All the neonates with cardiac anomalies were followed-up in outpatient department 

(OPD) for spontaneous closure of defect for 3 months. The data was analyzed by the Statistical Package for the Social Sciences (SPSS) 

version 25. 

Results: The mean age of neonates at presentation was 2.00±0.72 days. Gestational diabetes was diagnosed in the second trimester in 

72(66.7%) and the third trimester in 36(33.3%) mothers. Out of 108 females, 12(11.1%) were only on insulin, 76(70.4%) were prescribed 

metformin only, 16(14.8%) were taking combination of metformin with insulin and 4(3.7%) were on diet control. On echocardiography, 

patent ductus arteriosus (PDA) was detected in 56(70%) cases, ventricular septal defect (VSD) in 8(10%) neonates, septal hypertrophy with 

PDA in 8(10%) cases, VSD with PDA in 8(10%) cases while 28(25.9%) had normal cardiac functioning. At follow-up, spontaneous 

closure of defect occurred in 68(85%) neonates with congenital cardiac defects. On comparison, PDA was significantly more common in 

neonates of diabetic mothers on metformin (p <0.05). 

Conclusion: Neonates born to diabetic mothers had a high frequency of cardiac abnormalities (74%). The risk of cardiac anomalies was 

significantly high in neonates born to females with GDM who were treated with metformin alone. 
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INTRODUCTION 

he World Health Organization defines 

gestational diabetes as the detection of blood 

glucose levels of more than 180 mg/dl at 2 

hours post-prandial, after 20
th
 week of gestation on 

oral glucose tolerance test (OGTT). Gestational 

diabetes affects around 14% of pregnancies 

worldwide. Its incidence varies depending on risk 

factors, screening and diagnosis methods. The 

prevalence of the disease is increasing in association 

with the growing rates of type 2 diabetes and 

obesity.
1,2

 Consequently, the prevalence rate of 

GDM in Pakistani research ranged from 4.41% to 

57.90%.
3
 

During early pregnancy, sensitivity to insulin 

increases with higher uptake of glucose to cope up 

with the energy needs during pregnancy. During the 

second or third trimester, various hormones 

produced during pregnancy, for example, 

progesterone, placental growth hormone, lactogen, 

estrogen and cortisol cause resistance to insulin. This 

decreases the transport of glucose into the cells.
4
 

Developing novel diabetes treatments may depend 

on our ability to comprehend how placental signals 

improve beta cell (β-cell) secretion and insulin 

production.
5,6

 

In GDM, β-cell dysfunction arises from reduced 

incretin hormones (glucose-dependent insulin tropic 

polypeptide, glucagon-like peptide-1), cytokine-

induced insulin signaling disruption (via interleukin-

6, tumor necrosis factor-α), and cellular stressors 

like endoplasmic reticulum stress, mitochondrial 

dysfunction, and decreased pancreatic duodenal 

homeobox-1 expression - leading to impaired insulin 

secretion and glucose uptake.
7
 In addition to 

promoting hyperinsulinemia, reduced glucose 

uptake, glycogen synthesis, and a diminished ability 

of insulin to regulate hepatic gluconeogenesis, 

human placental growth hormone and pituitary 

growth hormone have diabetogenic actions.
8 

There are various predisposing factors of gestational 

diabetes such as increased age, obesity and family 

history or previous history of diabetes. Gestational 

diabetes is linked with poor maternal and perinatal 

outcomes such as cesarean sections, 

polyhydramnios, preeclampsia, premature rupture of 

membrane, preterm delivery, stillbirth, macrosomia 

and neonatal hyperbilirubinemia.
9
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Hyperglycemia is also a known contributing factor 

to the development of congenital defects, or 

structural or functional anomalies that occur during 

intrauterine life. This can be detected throughout 

pregnancy or at any point during 6 weeks of 

delivery.
10,11

 Poor maternal glycemic management is 

linked to a high prevalence of congenital 

abnormalities. This also demonstrated a nearly 

universal lack of preconception care.
2
 

Through literature, it has been observed that the risk 

of cardiac anomalies is high among neonates 

delivered to diabetic mothers and needs careful 

screening and management. However, in routine, 

neonates are not screened at the time of delivery and 

develop symptoms later, which leads to severe 

hazardous consequences. This study was planned to 

determine the frequency and type of cardiac 

anomalies on echocardiography in neonates 

delivered to mothers diagnosed with gestational 

diabetes mellitus and evaluate their association with 

treatment modalities among mothers. On the basis of 

findings, the early screening of neonates for cardiac 

anomalies, especially among diabetic mothers and 

those who were taking hypoglycemic medications 

can be recommended. The local data regarding 

association of cardiac defects with treatment 

modalities of mothers with GDM was sparse, so our 

results will also add knowledge in this regard as 

well. 

 

METHODOLOGY 

This cross-sectional study was conducted at the 

Department of Pediatrics, Ittefaq Trust Hospital, 

Lahore from August 2024 to January 2025 after 

approval from the institutional ethical review board 

(Letter No. IHT/Adm/30, 18-04-2024). A sample 

size of 108 neonates was estimated by keeping 95% 

confidence level, 7% absolute precision and the 

percentage of abnormal fetal echocardiographies in 

neonates delivered to mothers with gestational 

diabetes mellitus as 15.8%.
3
 The parents gave 

written informed consent for inclusion in the study. 

A total of 108 neonates were enrolled by non-

probability consecutive sampling technique from 

delivery wards and neonatal intensive care unit 

(NICU). The inclusion criteria were neonates of age 

3-28 days of life, who were delivered at term (>37 

weeks of gestation), and whose mothers had 

confirmed gestational diabetes. Gestational diabetes 

mellitus was confirmed after 20
th
 weeks of gestation 

using 75-gram OGTT. According to the 

International Association of Diabetes and Pregnancy 

Study Groups, diagnosis of GDM was based on 1-

hour postprandial glucose levels ≥ 153mg/dl, 2-

hours postprandial glucose levels ≥180 mg/dL or 

fasting plasma glucose ≥ 92 mg/dL.
2 

Neonates 

delivered to mothers with chronic diabetes, mothers 

with heart disease, family history of congenital heart 

disease, hypertensive disorder, and history of 

exposure to cardiac teratogens were excluded from 

the study. Demographic data like age of neonate at 

presentation, gravidity, mode of delivery, weight of 

neonate at birth, any other non-cardiac problem, and 

record of mother on anti-glycemic treatment regimen 

were noted on the proforma. At the time of 

presentation, after initial clinical examination, all the 

neonates were screened by using echocardiography 

and neonatal cardiac anomalies were noted, if 

present. All the neonates with cardiac anomalies 

were followed-up in outpatient department (OPD) 

for spontaneous closure of defect for 3 months.  

 

STATISTICAL ANALYSIS 

The data was analyzed by the Statistical Package for 

the Social Sciences (SPSS) version 25. Mean±SD 

were used for numerical data and categorical data 

was reported as frequency and percentage. Fisher’s 

exact test was applied to compare cardiac anomalies 

and various treatment modalities in mothers. A p-

value ≤0.05 was taken as significant. 

 

RESULTS 

In this study, we enrolled a total 108 neonates 

delivered to mothers with gestational diabetes for 

echocardiographic assessment. The mean weight of 

neonates at presentation was 3.00±0.59 kg. Table 1 

shows the clinical data of the study participants. 

On 1
st
 echocardiography (done after 72 hours), 

80(74.1%) neonates had cardiac anomalies while 

28(25.9%) had normal cardiac functioning. Out of 

80 neonates diagnosed with cardiac anomalies, 

patent ductus arteriosus (PDA) was detected in 

56(70%), ventricular septal defect (VSD) in 8(10%), 

septal hypertrophy with PDA in 8(10%) and VSD 

with PDA in 8(10%) cases (Figure 1).  

On comparison, PDA (63.2%) was more common in 

neonates of diabetic females taking metformin as 

compared to other congenital cardiac defects 

(p=0.001). Among neonates born to diabetic mothers 

on insulin, PDA and VSD with PDA were observed 

in 33.3% of the neonates each. At follow-up, defect 

was spontaneously closed in 68(85%) neonates. 

Spontaneous closure of defect (88.2%) was also high 

in neonates of diabetic mothers on metformin 

(p=0.001) (Table 2). 
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Table 1: Clinical Data of Mothers enrolled in the Study (n=108) 
Characteristics Frequency & Percentage 

Gravidity 

Primigravida 24(22.2%) 

Multigravida (Gravida 2-4) 76(70.4%) 

Grand Multigravida (Gravida ≥5) 8(7.4%) 

Mode of Delivery 
Vaginal Delivery 8(7.4%) 

Cesarean Section 100(92.6%) 

Time of GDM Diagnosis 
2

nd
 Trimester 72(66.7%) 

3
rd

 Trimester 36(33.3%) 

Treatment Modalities of Diabetic 

Mothers 

Insulin only 12(11.1%) 

Metformin only 76(70.4%) 

Insulin with Metformin 16(14.8%) 

Diet Control 4(3.7%) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1: Distribution of Echocardiography Findings of Neonates 

 

Table 2: Association of Neonatal Echocardiography Findings and Treatment Modalities of Diabetic 

Mothers 

Echocardiography 

Findings 

Treatment Modalities 

p-value Insulin 

(n=12) 

Metformin 

(n=76) 

Combination of 

Insulin with 

Metformin  

(n=16) 

Diet 

Control 

(n=4) 

Normal 4(33.3%) 8(10.5%) 12(75.0%) 4(100%) 

0.001* 

PDA 4(33.3%) 48(63.2%) 4(25.0%) 0(0%) 

Septal Hypertrophy with 

PDA 
0(0%) 8(10.5%) 0(0%) 0(0%) 

VSD 0(0%) 8(10.5%) 0(0%) 0(0%) 

VSD with PDA 4(33.3%) 4(5.3%) 0(0%) 0(0%) 

*Significant p-value  

 

DISCUSSION 

Pregnancy-related hyperglycemia is a hallmark of 

gestational diabetes. Gestational and pre-gestational 

diabetes have a negative impact on pregnancy and 

the postpartum period. The fetus develops 

hyperglycemia and hyperinsulinemia due to 

maternal hyperglycemia. This promotes anabolism, 

which in turn promotes the growth of connective 

tissue, muscle, and fat. When hyperglycemia and 

hyperinsulinemia coexist, fetal fat and protein 

accumulation increases, leading to macrosomia.
12

 

Paauw et al. also reported that hyperinsulinism had 

hyperglycemia, which can result leading to 

development of cardiac hypertrophy in neonates.
13
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clinical review on diabetes during pregnancy found 

that both pre-gestational and gestational diabetes 

were associated with increased risk of congenital 

defects and cardiac anomalies were the most 

commonly observed defects.
14

 Bayoumy et al. used 

tissue Doppler imaging to study cardiac function and 

found that fetal cardiac function at 30 weeks of 

gestation was compromised in diabetic pregnant 

females as compared to normal pregnant females.
15

 

In this study, we observed that 80(74.1%) neonates 

had congenital cardiac defects. Patent ductus 

arteriosus was the most common congenital cardiac 

anomaly (70%), followed by VSD in 10% neonates, 

septal hypertrophy with PDA in 10% and VSD with 

PDA in 10% of the cases. Afridi et al. performed 

comparable research in Karachi and found that 

67(45.57%) of the 147 newborns of mothers with 

GDM had a congenital cardiac abnormality. Unlike 

our study, patent foramen ovale (PFO) was the most 

prevalent cardiac abnormality (23%), followed by 

PDA (14.9%), VSD (5.4%), tetralogy of Fallot 

(TOF) (2.7%), hypertrophic cardiomyopathy (HCM) 

(2.7%), atrial septal defect (ASD) (2.7%), and 

transposition of the great arteries (TGA) (1.36%).
16 

A study done by Arjmandnia et al. in Iran also 

reported that 49% neonates born to diabetic mothers 

had congenital cardiac defects. Contrary to our 

results, TOF (69.5%) was most prevalent in neonates 

followed by PDA (41%).
17

 Similar to our results, 

Sadiq et al. from Peshawar found that on 

echocardiographic assessment of neonates, PDA 

(32%) was the most common congenital heart 

defect, followed by PFO (29.33%), HCM (14%), 

ASD (10%), VSD (6.66%), TGA (4.66%) and TOF 

(3.33%).
18

 According to a study conducted in 

Faisalabad, Pakistan, 47.3% of the children born to a 

diabetic mother had abnormal echocardiogram 

results. The most common abnormalities were PDA 

(32.6%), VSD (25.3%), ASD (14.5%), TGA (7.9%), 

and hypertrophic obstructive cardiomyopathy 

(5.7%).
19 

Various approaches to control diabetes, 

different sampling populations and methods for 

detecting cardiac abnormalities might all contribute 

to the variation in regional, national and 

international frequencies. 

Our statistically significant results showed that all 

congenital anomalies were more common among 

neonates of diabetic females taking metformin as 

hypoglycemic treatment. The most prevalent cardiac 

defect in neonates of GDM mothers on metformin 

was PDA (63.2%), followed by septal hypertrophy 

with PDA (10.5%), VSD (10.5%) and VSD with 

PDA (5.3%). This difference might be due to 

variation in glucose levels in mothers taking 

different regimes. Mothers taking insulin might have 

better glycemic control resulting in decreased 

frequency of anomalies in these patients. Similarly, a 

cohort study reported that children born to mothers 

with pre-existing diabetes who were exposed to 

second-line anti-diabetic medications during 

pregnancy had a higher incidence of major 

congenital anomalies or cardiac malformations 

compared to those exposed to insulin.
20

 A study 

done in Saudi Arabia also reported that PDA 

(71.5%), followed by hypertrophic cardiomyopathy 

(36.5%) and VSD (11%) were the most common 

congenital cardiac anomalies among infants of 

diabetic mothers. Out of 293 diabetic mothers 

included in their study, 43.7% were on diet control, 

33.1% were on insulin, 16.4% were on medications, 

and 6.8% had a combined treatment regimen. 

However, no significant association (p=0.313) was 

found between different treatment modalities and the 

frequency of congenital cardiac defects.
21

 

During 3 months follow-up, we also observed that 

spontaneous closure of defect was high in neonates 

of mothers treated with metformin (78.9%), 

compared to those treated with insulin (33.3%), or 

with combination treatment (25%) (p <0.05). Patent 

ductus arteriosus is a congenital cardiac condition in 

which the ductus arteriosus of a newborn does not 

shut after birth. Usually, the PDA closes 48 hours 

after delivery.
22 

In literature, the rate of spontaneous 

closure of PDA was about 66% within the first year 

of life that increased to 80% during the first five 

years of life.
23 

 

Another study reported that out of all pediatric 

cardiomyopathies, 25-40% of neonates had cardiac 

hypertrophy. The ventricular function after delivery 

had been associated with elevated maternal lipid and 

glucose indices. These results pointed to a possible 

link between future cardiovascular health and in-

utero cardiac development.
24

 

 

CONCLUSION 

Neonates born to diabetic mothers had a high 

frequency of cardiac abnormalities (74%). The risk 

of cardiac anomalies was significantly high in 

neonates born to females with GDM who were 

treated with metformin alone. 

 

LIMITATIONS & RECOMMENDATIONS 

The study had a few limitations including single-

centered and cross-sectional study design. The data 

on glycemic control of mothers during pregnancy is 

lacking. The risk of cardiac defects in mothers 

taking metformin was high which needs to be 

investigated in relation to glucose levels and 



Cardiac Defects in Neonates Born to Mothers with Gestational Diabetes Mellitus and their Association with Maternal Treatment Regime 
 

JSMDC Lahore, Pakistan 2025; Vol 11(01):33-38                                                                                                  37 

glycemic control of mothers. We recommend 

screening of the neonates of diabetic mothers for 

congenital heart disease. Furthermore, it is also 

recommended to conduct a multi-centered trial on 

different methods for the prevention of congenital 

heart disease in newborn and plan strategies for early 

cure. 
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