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ABSTRACT 

BACKGROUND 

Maternal diabetes mellitus is a relatively common disease that complicates pregnancy and results in an increased incidence of 

congenital malformations, predominantly congenital heart disease. Glycated haemoglobin (HbA1c) is accepted as an indicator of 

glycaemic control and correlates with increased risk of congenital anomalies. There is lack of enough studies in India addressing 

the relationship between the level of glycaemic control in diabetic pregnancy and the incidence of congenital cardiac anomalies. 

The objective of this study was to determine the cardiovascular morbidity of infants of diabetic mother and to study the 

association between the maternal glycaemic control according to HbA1c and the cardiac status of the baby. Another objective was 

to estimate the frequency of various congenital heart defects in such infants. We also looked at possible relationship between 

variables like birth weight of the neonates and the need for insulin to control maternal diabetes and incidence of congenital heart 

disease. 

Design- Descriptive study. 

Setting- Tertiary care government medical college hospital in Kerala catering to urban and rural population belonging 

predominantly to the lower socio-economic strata. 

 

MATERIALS AND METHODS 

All the antenatal women with positive Glucose Tolerance Test (GTT) admitted over a period of 8 months were included in the 

study. They were interviewed using a semistructured questionnaire and HbA1c testing was done within the third postnatal day. 

The cardiological status of the babies was assessed clinically and by ECHO within the first week after birth. 

 

RESULTS 

Out of total 71 diabetic women, 68(96%) had gestational diabetes and 3(4%) had overt diabetes; 14 babies (20%) were large for 

gestational age and 4(5%) were small for gestational age; 47.8% of Infants of Diabetic Mothers (IDMs) had congenital heart disease 

and 9.9% had Asymmetric Septal Hypertrophy (ASH). Among the Congenital Heart Diseases (CHD), maximum were Atrial Septal 

Defects (ASD) followed by Ventricular Septal Defects (VSD) and Patent Ductus Arteriosus (PDA). The mean birth weight in the 

group with CHD was significantly higher at 3.22 Kg as against 2.89 Kg. The presence of ASH had statistically significant association 

with higher HbA1c. 

 

CONCLUSION 

This study emphasises the higher frequency of CHD among infants of diabetic mother, ASD being the most common heart disease 

detected. There was statistically significant association between elevated postnatal HbA1c and diabetic cardiomyopathy. 
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BACKGROUND 

Maternal diabetes mellitus is a relatively common disease 

that complicates pregnancy and results in an increased 

incidence of congenital malformations.[1-8] The increased risk 

of anomalies was predominantly for congenital heart disease 

(3.4 times higher risk).[9] 
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A glycated haemoglobin (HbA1c) is accepted as an 

indicator of glycaemic control.[10] The rate of formation of 

HbA1c is a function of plasma glucose concentration.[10,11] 

This reaction being irreversible with red blood cell’s lifespan 

of about 2 - 3 months, HbA1c levels may be used as an 

estimate of average blood glucose levels over a period of 2 - 3 

months prior to testing.[10] 

An elevated HbA1c value is associated with increased risk 

of adverse pregnancy outcomes like abortions, stillbirth and 

congenital anomalies.[12-14] 

Apart from major cellular events like proliferation and 

apoptosis, various intracellular metabolic stress conditions 

like nitrosative and oxidative stress have been demonstrated 

in animal models and may be extrapolated as the plausible 

mechanism of inhibition of formation, and later remodelling 

of endocardial cushions in embryos of diabetic women.[15] 
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The initial injury that results in malformations occurs by 

the seventh week of gestation and ventricular septal defects 

and transposition of the great vessels are increased five-fold 

in Infants of Diabetic Mother (IDM).[16] Wide spectrum of 

congenital heart disease is seen in IDM. 

The IDMs are prone to develop hypertrophic 

cardiomyopathy, best detected by echocardiography, 

resolving spontaneously as plasma insulin levels 

normalise.[17,18] In this condition, the most prominent change 

is Asymmetric Septal Hypertrophy (ASH) with left ventricular 

outflow obstruction, occasionally aggravated by anterior 

systolic motion of the mitral valve.[18] Hypertrophic 

cardiomyopathy is attributed to foetal hyperinsulinaemia, 

which increases fat and glycogen synthesis and their 

deposition in the myocardial cells.[19] 

This occurs with poor glycaemic control during 

pregnancy.[20,21] There is possible correlation between high 

degrees of oxidative stress and the abnormal cardiac 

remodeling resulting in ASH in IDM. 

The Echocardiographic evidence of hypertrophy is noted 

by late second and early third trimester.[22,23] A positive 

correlation between HbA1c levels and septal thickness 

measurements is reported.[24] 

The symptomatic infants (5 to 10 percent) typically 

recover after two to three weeks of supportive care 

and propranolol, but the echocardiographic findings take 6 to 

12 months to resolve.[25] The Inotropic agents worsen cardiac 

outflow obstruction and hence are contraindicated.[26] 

A more diffuse process of hypertrophy and hyperplasia of 

the myocardial cells resulting in congestive cardiomyopathy 

occur in some IDMs in association with perinatal asphyxia, 

hypoglycaemia or hypocalcaemia with echocardiographic 

evidence of cardiac dilatation and poor contractility, 

resolving with correction of metabolic derangements.[21] 

 

MATERIALS AND METHODS 

This is a descriptive study in the setting of a Government 

Medical College, conducted on women coming to medical 

college hospital for delivery. 

 

Sample 

Women with positive Glucose Tolerance Test (GTT) and their 

live born neonates. 

 

Inclusion Criteria 

Babies born to mothers with positive GTT. 

 

Exclusion Criteria 

Infants of diabetic mothers born outside medical college 

hospital, congenital heart disease associated with clinical 

features suggestive of intrauterine infections and 

chromosomal anomalies. 

All antenatal women with GCT (Glucose Challenge Test) 

value of greater than or equal to 130 mg/dL were subjected 

to GTT (Glucose Tolerance Test) during the study period of 8 

months. Women with positive GTT were included in the 

study. There were a total of 71 diabetic women during this 

period. The selected mothers were interviewed using a 

semistructured questionnaire after obtaining informed 

consent. The details about the duration of diabetes, type of 

treatment and birth weight of baby were noted. 

The cardiological status of the babies was assessed 

clinically using a set proforma. The clinical findings were 

confirmed by ECHO within the first week after birth in order 

to ensure uniformity. ECHO was used to detect structural 

congenital cardiac malformations as well as diabetic 

cardiomyopathy. The diabetic cardiomyopathy is indicated by 

Asymmetric Septal Hypertrophy (ASH). In neonates, the 

septum was considered hypertrophic if it was 5 mm or 

greater. The ASH was diagnosed when the ratio of septal-to-

LV posterior wall thickness was 1.3 or greater. 

The mother’s glycaemic control in the last trimester was 

assessed by HbA1c testing within the third postnatal day. The 

HbA1c testing was done by High Performance Liquid 

Chromatography (HPLC), which is currently the method 

prescribed by the International Federation of Clinical 

Chemistry (IFCC). 

The Qualitative data were analysed using the Pearson’s 

Chi-square test and Fisher exact test. All quantitative data 

were subjected to the student’s ‘t’ test and 2-tailed Mann-

Whitney U test; 95% confidence intervals were assumed. The 

statistical analysis was done using Epi Info 3.5. 

 

RESULTS 

Out of total 71 diabetic women, 68 (96%) had gestational 

diabetes mellitus GDM and 3 (4%) had overt diabetes. The 

majority of diabetic women, 56 (79%) were on insulin 

therapy and the rest 15 (21%) were on diet control. In the 

weight wise distribution, maximum number of babies 31 

belonged to 3.0 - 3.499 kg followed by 22 babies in the 

category of 2.5 - 2.99 kg. Only 1 baby weighed less than 2 kg. 

Most of the babies, 53 (75%) were appropriate for gestational 

age; 14 (20%) were large for gestational age and only 4 (5%) 

were small for gestational age. 

The mean HbA1c was 6.19%. Out of 71 neonates 34 

(47.8%) had CHD, 7 (9.9%) had ASH and diffuse ventricular 

hypertrophy in 12 (16.9%). 

 

 
With CHD 

(n=34) 
Without CHD 

(n=37) 
P value 

Mean  
Postnatal 

HbA1c 

6.2147  
S.D.=(0.66703) 

6.1676 
S.D.=(1.16023) 

0.836 
 (t-test) 

Mean Birth 
Weight (kg) 

3.2206 
S.D.=(0.35995) 

2.8892 
S.D.=(0.47946) 

0.002  
(t-test) 

Table I. Comparison of Mothers of Babies With and 
Without CHD 

CHD= Congenital Heart Disease 

 

While 94.1% of those 34 diabetic mothers whose 

neonates having CHD needed insulin, only 64.9% of the 

remaining needed insulin for diabetic control with a ‘P’ value 

of 0.0024 (Fisher exact). 
 

 
With ASH  

(n=7) 
Without ASH 

(n=64) 
P value 

Mean  
Postnatal 

HbA1c 

7.7143 
S.D.=(1.15676) 

6.0234 
(S.D.=0.76754) 

0.000 
(t-test) 

Mean Birth 
Weight (kg) 

3.0143 
S.D.=(0.53675) 

 

3.0516 
S.D.=(0.45004) 

0.839 
(t-test) 

Table II. Comparison of Mothers of Babies With and 
Without ASH 
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ASH= Asymmetric Septal Hypertrophy 

While all the 7 diabetic mothers whose neonates having 

ASH needed insulin, only 76.6% of the remaining needed 

insulin for diabetic control with a ‘P’ value of 0.1743 (Fisher 

exact). 

 

 
Figure I. Types of Cardiac Anomalies detected by 

Echocardiography 

 

Among the congenital heart disease in our babies, 

maximum was Atrial Septal Defect (ASD) followed by 

Ventricular Septal Defect (VSD) and Patent Ductus Arteriosus 

(PDA). 

 

DISCUSSION 

In common with most previous epidemiological studies, we 

defined CHD as a “gross structural abnormality of the heart or 

intrathoracic great vessels that is actually or potentially of 

functional importance.” Hence, we excluded Patent Foramen 

Ovale (PFO), as it is usually of no haemodynamic significance 

unless another cardiac anomaly is causing increased right 

atrial pressure and thus right-to-left shunt through the PFO. 

A prospective study of cardiovascular malformations in 

infants of diabetic mothers conducted by Wren et al in the 

Northern Health Region of England during the period 1995 - 

2000, and a study in the Netherlands conducted at the Yale 

New Haven Medical Centre from 1988 - 1998 showed a 

prevalence of 3.6% and 3% respectively.[27,28] In our study, 

47.8% of the infants of diabetic mothers had congenital heart 

disease. This is a high figure compared to the western 

statistics. The prevalence of congenital heart disease has 

varied widely, probably due to the different methods of 

investigations used. Both the above-mentioned European 

studies have excluded atrial septal defect undergoing 

spontaneous closure in infancy. Moreover, the population 

included in both the Western studies are patients with type 1 

diabetes. Out of 1 to 14% of all pregnancies complicated by 

abnormal glycaemic control, 80% are due to gestational 

diabetes as compared to pregestational diabetes. That is, 

these studies have not considered the major group of GDM 

who constitute the bulk of poor glycaemic control in 

pregnancy. If babies born to mothers with GDM had also been 

included in the European studies, probably the prevalence of 

congenital heart disease would have been higher. 

Unlike the other two above-mentioned studies, study 

done by S Ullmo et al in Switzerland during the period 2003 - 

2005 included a population of mothers with all types of 

diabetes: Type 1, Type 2 and GDM. GDM is found in 95.8% in 

our study as compared to 62.06% in the study by S Ullmo              

et al. The mean HbA1c is 6.19% in the present study and 

5.8% in the Swiss study. The infants of diabetic mothers with 

CHD in our study are high at 47.8% as against 6.5% in the 

Swiss study. The difference may probably be due to the fact 

that pregnancies are planned and are reported to a central 

register, especially in high risk cases in the West. Strict 

glycaemic control is maintained in the peri-conceptional 

period as well as throughout pregnancy by regular 

monitoring and treatment. This is important, as the abnormal 

maternal metabolic milieu has been implicated as a 

teratogenic factor along with genetic susceptibility. 

The HbA1c measurement in our study is done within 3 

days after delivery. We could not do the HbA1c measurement 

in the first trimester due to practical reason, as our institution 

is a tertiary care hospital to which difficult cases are referred 

mostly around second or third trimester. The mean HbA1c in 

the mothers of babies with CHD is above normal at 6.2% 

(Table I). The higher HbA1c levels in cases with cardiac 

malformations support the association of suboptimal 

glycaemic control and the occurrence of CHD as previously 

reported by Miller E et al,[12] Leslie RD et al[13] and Greene MF 

et al.[14] 

The HbA1c level is proportional to average blood glucose 

concentration over the previous four weeks to three months. 

Hence, the postnatal HbA1C which we have measured reflects 

the glycaemic control in the last trimester. The level of 

metabolic control in mother during organogenesis can be 

ascertained only by HbA1c in the first trimester. Therefore, 

the statistically insignificant association between the 

postnatal HbA1c and the congenital heart disease in this 

study is expected. The mean birth weight in the group with 

CHD is higher at 3.22 kg as against 2.89 kg (Table I). This 

finding too is statistically significant. 

Hyperglycaemia in third trimester is responsible for 

cellular proliferation, macrosomia and cardiomyopathy. The 

mean postnatal HbA1c is associated with the occurrence of 

cardiomyopathy and asymmetric septal hypertrophy. This 

association is demonstrated to be statistically significant in 

the present study (Table II). Similar results are shown by 

Halliday HL.[29] 

ASD in the present study is high at 22% and the high 

incidence of conotruncal septation and bulboventricular 

looping abnormalities detected in other studies[30,31,32,33] has 

not been found in the present study [Figure I]. 

The wide difference noted between this study and other 

studies may perhaps be due to the following reasons. All the 

other studies have been done before and around 1990. The 

most recent advance in ECHO like Doppler has been used 

extensively only since the nineties. Therefore, the sensitivity 

of ECHO has increased tremendously. Many minutes ASDs, 

which might have been missed earlier are now being picked 

up. Although, we have excluded PFO in our study, there is 

always a possibility of difficulty in distinguishing between 

PFO and small ASD of less than 3 mm in diameter. We have 

not done followup study of these babies to exclude ASDs, 

which undergo spontaneous closure unlike the other studies. 

All these factors might have contributed to the high frequency 
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of ASD in our study. The frequency of VSD and PDA are 

similar in the present study and other studies. VSD is 

detected in 10% of IDMs in our study, which is also a high 

figure. 

 

What this Study Adds 

Poor glycaemic control in late pregnancy as indicated by a 

positive GTT and elevated postnatal HbA1c are surrogate 

markers of poor glycaemic control during all trimesters, and 

there is statistically significant association with the 

development of diabetic cardiomyopathy. The present study 

has shown higher incidence of CHD among IDM. 

 

Limitations of the Study 

HbA1c measurement could not be done in the peri-

conceptional period and first trimester. No followup study of 

the babies with CHD was done. Hence, comment about the 

transient nature of diabetic cardiomyopathy and ASDs which 

undergo spontaneous closure have not been possible. 

There is lack of enough studies in India regarding the 

pattern of CHD in infants of diabetic mother, and the level of 

glycaemic control in diabetic pregnancy. More research is 

warranted in this field in our setup, as this is a preventable 

cause of cardiovascular morbidity. 

 

CONCLUSION 

This study emphasises the higher frequency of congenital 

heart disease among infants of diabetic mother. The atrial 

septal defect is the most common heart disease detected. The 

high incidence of conotruncal septation and bulboventricular 

looping abnormalities described classically in IDM has not 

been found in the present study. 

There is statistically significant association between 

elevated postnatal HbA1c and development of ASH. Due to 

teratogenicity of the abnormal maternal metabolic milieu, 

strict glycaemic control is to be ensured during 

organogenesis and thereafter. Hence, HbA1c monitoring in 

the peri-conceptional period as well as throughout pregnancy 

in overt diabetes and in GDM from the time of confirmation of 

diagnosis is suggested. 
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