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 Background: Maternal hyperglycemia is a critical risk factor for congenital 

heart diseases (CHD). Despite advancements in the medical management of 

diabetic mothers, the CHD in their infants are still more recurring compared 

to infants of the general population. The primary purpose of this investigation 

was to explore the prevalence of CHD in infants of diabetic mothers (IDMs). 

The study was also aimed at investigating possible associations between the 

types of maternal diabetes with the incidence of CHD in IDMs especially the 

status of diabetic control. 

Methods: This cross-sectional study was performed between October 2016 

and September 2017, in a Heart Center in Yazd. The cases were comprised of 

150 neonates of mothers with diabetes. We determined CHD via fetal 

echocardiography during the first day of childbirth and estimated the 

prevalence of CHD in IDMs and its association to control status of diabetes 

in mothers. 

Results: The prevalence of CHD in IDMs was 12.7%. The results showed 

that there was a significant relationship between maternal uncontrolled 

diabetes and a high incidence of CHD in IDMs (P ≤ 0.0001), but there was 

no association between the type of diabetes and the incidence of HCM. 

Conclusion: We concluded that controlling maternal diabetes has the 

greatest effect on the prevention of CHD in neonates. The prevalence of 

CHD in IDMs was 12.7% which is high that may be due to poor control of 

diabetes in pregnant women in Iran. Also, neonates of diabetic mothers 

need more cardiac evaluation tests and follow-ups. Therefore, more studies 

on the effects of maternal diabetes-induced CHD in neonates are needed. 
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Introduction 

ongenital heart disease (CHD) is the 

most prevalent birth defect in the 

worldwide.
1
 CHD is the most common 

reason of death from congenital disabilities in 

neonates and is usually related to fetal loss.
2
 It 

results in 1-1.5% of global mortality among 

pediatric under 5 years of age.
3
 The incidence 

of CHD is approximately 6 to 8 cases per 

1000 live births globally.
4
 CHD affects about 

1% of (about 40,000) births per year in the 

USA.
5
 Although many pediatric with CHD 

need no surgical intervention, approximately 

1 in 4 children with CHD need cardiac 

surgery.
1
 The exact cause of most CHD is 

unknown, but some risk factors have been 

identified. Studies have demonstrated that 

complex combinations of environmental 

teratogens, genetic and maternal factors play a 

role in susceptibility to the CHD.
6
 Maternal 

diabetes mellitus (DM) is one of these factors 

that have a teratogenic effect on the fetal 

heart. Maternal DM during pregnancy has 

detrimental health impacts on both the mother 

and fetus, such as cardiac malformations, 

cesarean section (CS), asphyxia and etc.
7
 In 

pregnant women, the excess amounts of blood 

glucose are transferred to the fetus. This 

causes the fetus's body to secrete increased 

amounts of insulin, which causes several 

disorders in the neonates. Diabetes, with a 

prevalence rate of 10-30% in pregnancy, is 

one of the main causes of intrauterine growth 

deficiencies and congenital anomalies. 

Studies have shown that the risk of fetal 

anomalies in diabetic mothers is 4-5 times 

higher than non-diabetic mothers.
8
 The 

incidence of cardiac anomalies is 3-6% more 

prevalent in infants of diabetic mothers 

(IDMs). Also CHD in these infants is five 

times higher than in normal pregnancies and 

most of the time it contains complex 

forms.
9,10

 As established by the statistics, the 

incidence rate of CHD in the normal 

population is 0.39-0.39%, while this rate is 

2.8-21% in IDMs.
8
 Studies propose that IDMs 

undergo a fetal programming result due to the 

hyperglycaemic intrauterine environment 

which increases their risk of cardiovascular 

morbidity in adult life. 
11

 In other words 

embryogenesis in a condition with high 

glucose concentration harms cardiac 

morphogenesis.
9
 Maternal DM greatly 

influences the fetal heart and fetal -placental 

circulation in both function and structure. A 

current study demonstrated that the severity 

of hyperglycemia in the first trimester is 

related to a higher incidence of CHD. 

Likewise, even a mild height of glucose levels 

has been documented to induce CHD and 

deep teratogenic effect during the first week 

of pregnancies.
12

 

Antenatal evaluation of the cardiac structures 

and function can be assessed with fetal 

echocardiography and electrocardiography.
13

 

Also more proper glycemic control of diabetic 

mothers is related to a lower happening of 

fetal heart disease but not necessarily with the 

lower expansion of fetal myocardial 

hypertrophy.
9
  

There is limited data on the prevalence of 

CHD in neonates of diabetic mothers in Yazd. 

For this purpose, we assessed CHD 

prevalence in IDMs in a Heart Center in 

Yazd. We examined associations between 

types of maternal diabetes and the prevalence 

of CHD in IDMs. We also want to investigate 

the possible association of neonatal CHD with 

controlled and uncontrolled maternal diabetes. 

Materials and Methods  

This cross-sectional study was performed 

between October 2016, and September 2017. 

The 150 neonates of diabetic mothers were 

enrolled in this investigation. After approval 

from the Research Ethics Committee of the 

Shahid Sadoughi University, all patients were 

admitted to the study voluntarily and received 

written consent. Data has been dragged from 

patients’ files and documented. Ultimately, 

the information related has been operated in 

keeping with statistical analysis. The research 

included singleton fetuses of pregnant women 

identified with diabetes, without 

malformations and other disorders that could 

C 
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interfere with fetal growth. The identification 

of diabetes was established on the standards 

provided by the American Diabetes 

Association (ADA), that is, blood glucose 

(sugar) level. To assess hereditary heart 

problems in neonates, myocardial thickness, 

left ventricular myocardial performance index 

(LVMPI), shortening fraction and right 

ventricular myocardial performance index 

(RVMPI), and tricuspid flow and mitral E/A 

ratio were assessed in echocardiographic tests 

with Doppler. 

Statistical analysis: All variables were 

descriptively investigated, with quantitative 

variables represented as mean and standard 

deviations. Data were statistically analyzed 

utilizing the Statistical software (SPSP 

version 20). The analysis and frequency were 

calculated using the T-student and chi-square 

tests with the 95% confidence interval 

(95%CI).  

Results 

In this cross-sectional study, 150 infants of 

diabetic mothers who had been referred to the 

Yazd Heart Clinic were studied and followed 

up by a neonatologist and cardiologist. All the 

neonates were full-term and singleton without 

other syndrome and genetic disorders. The 

following results were obtained. We 

categorized diabetic mothers by type of 

diabetes, 43 mothers had type I diabetes and 

107 mothers had type II diabetes (Table 1). 

Examination of maternal blood sugar and 

HBA1C in the first trimester of pregnancy 

showed that diabetes was controlled in  

126 mothers (84%) and not controlled in  

24 mothers (16%) (Table1). Examination of 

neonatal echocardiography among 150 

neonates that were born from diabetic 

mothers, 19 neonates had a kind of CHD. So 

the overall prevalence of CHD in neonates of 

diabetic mothers was 12.7%.  

In our study, 71.3% were found to have 

Type II diabetes and we did not find a 

significant relationship between maternal 

diabetes types and the rate of CHD in their 

neonates. Out of the 19 babies who showed 

CHD cardiac abnormality, 18 babies were 

born to mothers with uncontrolled diabetes 

and 1 baby was born to mothers with 

controlled diabetes, so there is a significant 

relationship between the types of controlled 

diabetes with the incidence of CHD in  

these neonates.  

Discussion 

The prevalence of pregestational and 

gestational diabetes has been expanding 

globally.
14

 In pregnancies involved by 

diabetes, the diabetic intrauterine environment 

could cause placental dysfunction and 

hormonal alterations, leading to CHD, 

obesity, and diabetes in neonates.
15

 

Maternal DM negatively influences fetal 

condition by increasing the risk of perinatal 

morbidity and mortality. Additional CHD is 

the most significant single reason for perinatal 

mortality amongst the IDMs
16

 Because the 

incidence of diabetes in Asian women is 

higher than in European and American 

women and is still increasing, so the 

incidence of CHD is higher in Asian countries 

than in other parts of the world.
7
 

There is a diverse range of prevalence of 

CHD reported in IDMs. Investigations 

performed in Iran have estimated the 

prevalence of CHD in the range of 9.3 to 18.7 

per 1000 live births.
9,17,18,19 

Although most 

studies have divided maternal diabetes into 

gestational and pregestational diabetes, we 

just focused on maternal diabetes types I or II 

and diabetes control and then evaluate the 

incidence of CHD in that groups. 
 

Table 1. Prevalence of CHD in Neonates of Diabetic Mothers in Subtype 

Variable  Number (%) Number (%) of CHD  P 

Type of Diabetes (n = 150) Type I 43 (28.7) 7 (16.3) < 0.277 

Type II 107 (71.3) 12 (11.2) 

Controlled Diabetes (n = 150) No  24 (16) 18 (75) ≤ 0.0001 

Yes  126 (84) 1 (0.8) 
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In our study the prevalence of CHD in 

IDMs was 12.7% which is high that may be 

due to poor control of diabetes in pregnant 

women in Iran. Several studies assessed the 

prevalence of CHD in IDMs in the Iranian 

population. Most of them, similar to us, 

reported a high prevalence of CHD in IDMs. 

Bahjati et al., in 2011, evaluated CHD in  

75 IDMs. In their study, the incidence of 

CHD was relatively high with about 93 per 

thousand (9.3%) of infants born to mothers 

with diabetes mellitus. They hypothesized 

that the high incidence of CHD in their study 

could be mainly due to the diagnosis of small 

lesions such as ASD Small, which close after 

a few months. It may also be due to poor 

control of maternal diabetes during gestation, 

genetics or other environmental factors.
20

 

Roodpeyma et al., in 2013 evaluated 

Cardiovascular Complications in IDMs. They 

studied a total of 32 IDMs. Their results 

showed CHD was 18.7% of neonates that was 

a high prevalence of CHD in IDMs in their 

pediatric cardiology clinic. In their results 

neither the types of maternal diabetes nor the 

somatic findings of neonates were related to 

the happening of cardiovascular 

abnormalities.
9
 Arjmandnia et al., in 2019 

assessed the prevalence of CHD in 200 

neonates of diabetic mothers who were 

referred to teaching hospitals in Qom, Iran. 

Their study showed that echocardiographic 

results were abnormal in 49% of neonates of 

diabetic mothers. Based on the results, it was 

concluded that 9 out of each 10 diabetic 

neonates have CHD, that PFO being the most 

common one of them.
8
 In 2021 in a 

retrospective cohort study in Saudi Arabia, 

Alyousif et al., evaluated incidence of CHD in 

infants of diabetic mothers. They assessed 

1838 diabetic mothers; and showed incidence 

of CHD among IDMs in their cohort study 

was 11.82%. Also they indicated the 

incidence of CHD was higher among mothers 

who had type 1 diabetes followed by type 2 

diabetes.
21

 Arul et al., in 2019 assessed range 

of cardiac complications in neonates born to 

diabetic mother. In their study, 100 IDMs 

were subjected to ECG; of this, 28 (28%) 

neonates had cardiac abnormality. A similar 

study done on cardiovascular abnormalities in 

IDM by Meyer et al., demonstrated a lower 

incidence of 3.2 to 6.9 and a study by Tabib  

et al., showed an incidence of 8.8%.
10

  

Abu-Sulaiman et al., evaluated CHD in 100 

Infants of Diabetic Mothers. Overall 

incidence of CHD was 15% after excluding 

PDA and HCMP and the maternal diabetic 

control was poor.
22

 

Generally according to our results and 

other studies the incidence of CHD in IDMs 

still high, especially in Asian country that is 

an indication of poor control of diabetes 

during pregnancy. However the high 

frequency of CHD in our IDMs group may be 

due to the influence of the environmental 

factors as well as to the high maternal blood 

glucose level. Our results showed that CHD 

could not be related to the type of maternal 

diabetes and no difference between type I and 

type II diabetes. But some belief that 

pregnancies complicated by type II diabetes 

and gestational diabetes must be referred for 

detailed fetal cardiac evaluation and type I 

diabetes is not so important.
16

 In this study 

only the control of maternal diabetes has a 

significant effect on the prevention of CHD in 

neonates. It requires more studies to 

differentiate gestational diabetes from diabetic 

mothers and to estimate the prevalence of 

CHD in gestational and pregestational diabetic 

mothers. Also a multicenter study with large 

sample size is needed to determine the exact 

prevalence of CHD. 

Conclusion 

In conclusion, our study demonstrated there is 

still a high frequency of CHD in the IDMs 

group. This study showed that CHD is not be 

related to the type of maternal diabetes but 

there is a significant relation between control 

of maternal diabetes and prevalence of CHD. 

The influence of glycemic control on cardiac 

function in IDMs should be evaluated using 

both conventional echocardiography and 

tissue Doppler imaging. Therefore, it is 
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necessary to effective control of maternal 

diabetes and determines the screening method 

in these neonates. 
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