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Abstract
Background: Maternal type 1 diabetes mellitus (DM) is a recognised risk factor for the development of fetal 

congenital heart disease (CHD). However the risk of CHD in babies of women with gestational diabetes mellitus (GDM) 
is less well known. 

Objectives: The aim of this 10 year, retrospective, observational study was to compare the occurrence of 
congenital heart disease in these two referral groups and to evaluate whether detailed fetal echocardiography should 
be offered to women with GDM.

Results: During the study period 1401 women with type 1 DM were referred for fetal echocardiography and a fetal 
congenital heart defect was diagnosed in 44 cases (3.1%). In the GDM cohort 543 women were referred for screening 
and 15 cases (2.76%) of fetal CHD were detected. 

Conclusions: Based on our data we consider women with GDM to be at an increased risk of having a baby 
with CHD. This risk might be due to a combination of hyperglycaemia, insulin resistance, an elevated BMI and more 
importantly, undiagnosed pre-gestational diabetes. Until more detailed data from larger studies is available, we will 
continue to accept these women as referrals for detailed fetal echocardiography.
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increase in perinatal and maternal morbidity [10,11]. The combination 
of physiological, lifestyle, ethnic and genetic factors predisposes some 
women to develop gestational diabetes mellitus (GDM) [12]. Risk 
factors include a previous infant with a birth weight >4kg, maternal 
BMI >30, age > 25 years, previous GDM, family history of DM, certain 
ethnic groups, essential or pregnancy related hypertension, unexplained 
stillbirth/miscarriages and glycosuria. However, there is an absence of 
risk factors in approximately 50% of women. 

Women with type 1 DM are often referred for detailed fetal 
echocardiography because of the recognised risk for fetal CHD [13,14]. 
Women with GDM are also often referred to our unit for assessment 
of the fetal heart. Our initial hypothesis was that GDM was an 
inappropriate referral reason and women with GDM do not have an 
increased risk of CHD in their offspring. Therefore this observational 
study was undertaken to assess the occurrence of fetal CHD in women 
with reported gestational diabetes referred to our fetal cardiology unit 
and to evaluate whether fetal echocardiography should continue to be 
routinely offered to these women.

Subjects and Methods
This retrospective, observational study of data that had been 

prospectively acquired was undertaken in a tertiary fetal cardiology 
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Abbreviations: AoV – Aortic Valve; AVSD - Atrioventricular Septal 
Defect; BMI - Body Mass Index; CHD - Congenital Heart Disease; 
DILV - Double Inlet Left Ventricle; DM – Diabetes Mellitus; DORV 
- Double Outlet Right Ventricle; ECA - Extra Cardiac Abnormality;
GDM - Gestational Diabetes Mellitus; HbA1c - Glycated Haemoglobin
A1c; HLHS - Hypoplastic Left Heart Syndrome; IDDM – Insulin
Dependent Diabetes Mellitus; IVS - Intact Ventricular Septum; MAPCA 
- Multiple Aorto Pulmonary Collaterals; MV – Mitral Valve; NT -
Nuchal Translucency; OGT Test - Oral Glucose Tolerance Test; PAT
- Pulmonary Atresia; PS - Pulmonary Stenosis; SVT - Supraventricular
Tachycardia; TAPVD - Total Anomalous Pulmonary Venous Drainage; 
TGA - Transposition of the Great Arteries; VSD - Ventricular Septal
Defect; WHO - World Health Organization

Introduction
It is widely reported that women with pre-gestational diabetes 

mellitus, in particular those with Type 1 diabetes mellitus (DM), have an 
increased risk of having a child with congenital abnormalities, including 
congenital heart disease (CHD) [1-4]. In a previous publication we 
reported that 3.1% of women with Type 1 diabetes mellitus referred 
to our unit for fetal echocardiography between 1990-1994, had a baby 
with CHD [5]. 

The occurrence of fetal CHD in pregnant women with gestational 
diabetes mellitus (GDM) is less well documented, but has generally 
been thought to be lower than those with pre-existing DM. Gestational 
diabetes is defined as ’any degree of glucose intolerance with onset or 
first recognition during the present pregnancy’ and can in some cases, 
inadvertently include women with pre-existing, undiagnosed DM [6]. 
International consensus dictates that the diagnosis of GDM is based 
on the oral glucose tolerance test, but the threshold for diagnosis and 
screening methods vary between professional bodies [7-9]. It is known 
to occur in at least 1-5% of all pregnancies and is associated with an 
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unit. Included in the study were all women with GDM referred for 
detailed fetal echocardiography between the 1st January 2003 and 31st 
December 2012. Patients were identified by a retrospective review of 
the fetal cardiology database, Filemaker Pro (Claris Corp, CA, USA), 
the fetal cardiology notes, correspondence from referring obstetric 
teams and the ‘hand held’ maternal maternity case notes. During this 
time period 543 women with reported GDM were referred for fetal 
echocardiography. Women with pre-existing Type 2 diabetes were 
excluded from the initial data collection. The data of all the women 
with type 1 diabetes mellitus (DM) referred for fetal cardiology 
assessment in the same 10 year period was reviewed for comparison. 
During this time, 1401 women with confirmed type 1 DM were referred 
for fetal cardiology assessment. Fetal echocardiographic studies were 
performed using the Toshiba Xario and Aplio ultrasound systems 
(Toshiba, Crawley, UK) and GE Voluson E8 system (GE Milwakee, 
USA). In all cases a detailed assessment of the intra-cardiac anatomy 
was undertaken, including cardiac Doppler studies. Confirmation 
of the antenatal diagnosis was made by postnatal echocardiography. 
We did not correlate maternal glycaemic control with the presence of 
congenital heart disease, as there was insufficient data available in this 
retrospective data collection.

Study Approval
This study was approved as an internal retrospective audit within 

our hospital. It was initiated to review our departmental referral criteria 
and improve service provision.

Results 
Pregnant women with Gestational Diabetes Mellitus (GDM)

During the 10 year study period, 543 women reported to have GDM 
were referred for a detailed fetal echocardiogram. The median maternal 
age at referral was 33 years (Range 17-50 years, mean 22 years) and 
the median gestational age at the initial fetal echocardiogram was 26 
weeks (Range 14-37 weeks, mean 22 weeks). The maternal BMI was 
not routinely recorded during the study period, but frequent reference 
was made to maternal habitus, often limiting the acoustic windows and 
therefore image quality.

Indication for Referral: In the GDM group, GDM was the most 
common indication for referral (n=506), (Figure 1). Other referral 
reasons included: ‘inadequate views of the fetal heart’ (n=4) which was 
defined as an inability to achieve the normal screening views of the fetal 
heart during the obstetric fetal anomaly scan [15]; family history of 
CHD (n=11); raised nuchal translucency (NT) (n=4); suspected CHD 
(n=9); fetal abnormality (n=3); fetal drug exposure (n=1) and fetal 
arrhythmia (n=5) (Figure 1). 

GDM therapy: Of the 543 women with GDM, 229 (42%) were 
managed by diet alone; 45 (8%) by metformin; 261 (49%) by insulin and 
8 (1%) by a combination of insulin and metformin. In all cases, insulin 
therapy and metformin was started during pregnancy and not in the 
pre conception phase. Over the 10 year period there was a rise in the 
number of women receiving metformin, or insulin and metformin in 
combination, with a reduction in the administration of insulin therapy 
in isolation [16].

Anomaly screening: Nuchal translucency (NT) thickness was not 
routinely documented by all referring centres during the early period of 
the study and therefore only documented in 66 (12%) of the 543 GDM 
referrals. In 10/66 (15%) documented the NT was greater than 2.5mm, 
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Figure 1: Indication for referral for fetal cardiology assessment.

AVSD, atrioventricular septal defect; VSD, ventricular septal defect; SVT, supraventricular tachycardia; HLHS, hypoplastic left heart syndrome; PS, pulmonary stenosis; 
AoV, aortic valve; MV, mitral valve; PAT, pulmonary atresia; MAPCA, multiple aorto-pulmonary collaterals; TGA, transposition of the great arteries; IVS, intact ventricular 
septum; DORV, double outlet right ventricle; TAPVD, total anomalous pulmonary venous drainage; DILV, double inlet left ventricle.

Table 1: Congenital heart disease associated with maternal gestational diabetes.

Cases Indication for Referral Maternal Age (years) GA (weeks) Diabetes Therapy Diagnosis ECA

Case 1 GDM 37   20      Insulin AVSD -
Case 2 CHD 31   24      Metformin AVSD Yes
Case 3 GDM 29   20       Insulin VSD -
Case 4 GDM 41   24   Diet VSD No
Case 5 Fetal Arrhythmia 30   28   Diet VSD/SVT Yes
Case 6 CHD 33   27   Diet HLHS No
Case 7 Family History 23   21    Insulin Shone Syndrome No
Case 8 GDM 30   20    Insulin PS No
Case 9 GDM 34   30    Insulin PAT/VSD/ MAPCAs No
Case 10 CHD 35   23    Insulin Tricuspid Atresia/VSD No
Case 11 CHD 36   36   Diet TGA/VSD Yes
Case 12 CHD 33   21      Metformin TGA/IVS No
Case 13 CHD 40   30   Insulin TGA/IVS -
Case 14 Inadequate Views 36   28   Insulin DORV/TAPVD Yes
Case 15 Raised NT 34   19   Diet DILV/PAT/ TAPVD No
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and in two cases it was above 3.5mm. The presence or absence of extra 
cardiac abnormalities (ECA) was documented in 416 (76.6%) of the 
543 fetuses. Of the cases where it was documented, 20 (4.8%) had an 
ECA detected.

GDM and fetal CHD

Demographics: In the GDM cohort (n=543), 15 (2.76%) of the 
fetuses had CHD. In these 15 affected pregnancies, the median maternal 
age was 34 years (Range 23-41 years, mean 33.5 years). The referral reason 
in a third of the 15 cases was maternal gestational diabetes in isolation. 
The other referral reasons included: abnormal views of the heart (n=6); 
increased NT (n=2); inadequate views of the fetal heart (n=1) and fetal 
arrhythmia (n=1). In this cohort of 15 women, five were managed by 
diet, two by metformin and eight by insulin therapy in isolation. 

Anomaly screening: In 10 (66.6%) of the 15 CHD cases, a NT 
measurement was documented, and of these, two were abnormally 
elevated (4.6mm; 8.1mm). Four of the 15 CHD cases were noted to 
have extra-cardiac anomalies, which included: polyhydramnios; fetal 
hydrops secondary to fetal tachycardia, in a baby with a confirmed 
ventricular septal defect; a two vessel umbilical cord and extra digits 
(noted postnatally to be dysmorphic with low set ears and ambiguous 
genitalia). 

CHD detected: The defects identified in the GDM cohort are 
summarised in Table 1. The type of CHD was varied and included right 
and left sided abnormalities; obstructive lesions; potential shunting 
lesions; complex and simple lesions(Table 1). 

Outcome: Of the 15 pregnancies diagnosed with GDM and fetal 
CHD, two resulted in a termination. Three of the 15 resulted in a neonatal 
death: one post-surgical intervention; one due to complications linked 
to multiple ECAs and one family opted for comfort care postnatally. 
Nine of the 15 children are alive to date: five have undergone cardiac 
surgery; one a cardiac catheter intervention and three continue to be 
monitored as outpatients, with no intervention to date. One of the 15 
was lost to follow up postnatally, following transfer of care to another 
cardiac centre.  

Pregnant women with Type 1 Diabetes Mellitus

During the study period, 1401 women with confirmed type 1 DM 

were referred for fetal cardiology assessment. The median maternal 
age at the time of referral was 31 years (Range 19-42 years, mean 30.2 
years) and the median gestational age at initial echocardiogram was 
20 weeks (Range 14-28 weeks, mean 21.5 weeks). Of the 1401 women 
referred, a fetal congenital heart defect was detected in 44 cases (3.1%). 
Figure 2 demonstrates the wide spectrum of congenital heart defects 
diagnosed, the most common diagnosis being a ventricular septal 
defect (VSD). In addition, eleven (25%) of the 44 with CHD had a 
known ECA (Figure 2).

The comparisons between the GDM and type 1 DM cohorts are 
summarised in Table 2.

Discussion
Fetal exposure to hyperglycaemia during embryogenesis, in women 

with poorly controlled diabetes mellitus, is known to be associated with 
congenital abnormalities, including congenital heart disease (CHD) 
[2,4,8,17]. A small increase in circulating blood glucose levels may be 
detrimental to the developing embryo and good glycaemic control has 
been shown to reduce the rate of congenital abnormalities, preterm 
delivery and stillbirths [18-20]. Animal models have demonstrated 
that diabetic embryopathy is a complex process influenced by 
metabolic signalling, cell signalling, maternal and fetal genotypes 
and environmental factors as well as exposure to hyperglycaemia[21]. 
In non-diabetic pregnancies there is an increase in maternal insulin 
resistance due to maternal physiological adaptations which occur to 
ensure adequate fetal growth and development [22]. These adaptations 
include maternal glucose intolerance, altered glucose metabolism, 
cortisol/growth hormone levels and may be compounded by reduced 
physical activity and increased calorific intake during pregnancy. 
GDM, which tends to develop in the 2nd or 3rd trimester of pregnancy, 
has been attributed to an increase in perinatal morbidity and mortality, 
although pregestational diabetes is known to have a greater association 
with fetal anomalies than GDM [23-27]. Our preliminary data suggests 
that the risk of CHD in a GDM pregnancy is 2.76% with a 26.7% risk 
of a concomitant extra cardiac abnormality. This is similar to the 
incidence of CHD in our type1 DM pregnancies, at 3.1%, with a risk of a 
concomitant extra cardiac abnormality of 25%. The occurrence of CHD 
in our GDM population may reflect a combination of hyperglycaemia, 
insulin resistance, an elevated BMI and possibly and perhaps most 
significantly, undiagnosed pre-gestational diabetes. During the study 
period there was an increase in the number of women being managed 
with metformin or metformin and insulin in combination, which is 
perhaps a reflection of the high safety profile of metformin in pregnancy, 
and a more acceptable method of therapy [16].

A record of maternal BMI has become routine within our unit, 
although this was not the scenario in the early era of this study. The 
reasons for our change in practice are related to published data 
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Figure 2: Type of CHD Detected in Type 1 DM.

Demographics Type 1 (IDDM) Gestational 
Diabetes (GDM)

Number of Referrals 1401 543
Fetal CHD (% of referrals) 44 (3.1%) 15 (2.76%)
Referral Reason Diabetes - CHD cohort 
(%) 24 (55%) 5 (33.3%)

Median maternal age (range) 31 years (19-42) 34 years (23-41)
Median gestation at diagnosis (range) 20 weeks (14-28) 24 weeks (19-36)
ECA associated with CHD (%) 11 (25%) 4 (26.7%)

IDDM, insulin dependent diabetes mellitus; GDM, gestational diabetes mellitus; 
CHD, congenital heart disease; ECA, extra cardiac abnormalities

Table 2: Comparison of Type 1 DM and GDM Data.
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suggesting an association between maternal BMI and birth defects 
and the association between a raised BMI and GDM. An increase 
in sedentary living, poor diet and obesity in the UK and USA has 
contributed to the increasing incidence of type 2 diabetes and with an 
earlier age of onset [28]. Associations have been made between maternal 
BMI at conception, pre gestational insulin resistance and an increased 
incidence of birth defects. Although the relationship between GDM and 
congenital heart disease in the fetus remains largely unreported, studies 
have suggested a link between increased maternal BMI and fetal CHD 
[23,29,30]. In addition, an elevated maternal BMI can result in poorer 
acoustic windows, compounding the difficulty in diagnosing CHD 
prenatally [3,31-34]. A study examining the diurnal, glycaemic profiles 
of non-diabetic obese women compared to normal weight women, 
demonstrated that the obese population had a significantly higher 
postprandial glycaemic value, but there was no recorded difference in 
fasting blood glucose levels [35]. Another UK study suggested that up 
to 4.7% of the obese population investigated had undiagnosed type 2 
diabetes and 18% had impaired glucose metabolism [36]. In population 
studies, maternal obesity during pregnancy has been linked to an 
increased risk of morbidity and mortality from cardiovascular disease 
in adult offspring, later in life [37,38]. 

Our data raises several issues. Firstly, in women who are at higher 
risk of developing type 2 diabetes or GDM, screening and initiating 
treatment at antenatal booking may be a step too late to prevent the 
adverse effects of altered glucose metabolism on embryogenesis. If this is 
the case, perhaps more women should be made aware of the association 
between increased BMI, undiagnosed pregestational diabetes and 
adverse pregnancy outcomes, including increased risk of abnormalities 
in the baby. There may be benefits from screening at risk women for 
diabetes before they conceive.In recent years the WHO have advised 
that a glycated haemoglobin A1c (HbA1c) level can be measured to 
diagnose diabetes, replacing the oral glucose tolerance (OGT) test which 
takes 2 hours and requires the patient to fast. One of the advantages 
of the HbA1c is it can be taken with routine bloods and a level above 
6.5% confirms the diagnosis of diabetes [39,40]. Could this be a quick 
screening tool? This may allow for provision of preconception advice, 
weight loss, and subsequent good diabetic control during pregnancy 
to potentially reduce the risk of congenital anomalies. Secondly, as 
paediatric cardiologists we have traditionally dealt with congenital 
heart disease primarily as a de novo occurrence, in some cases in the 
context of chromosomal abnormalities or in pregnancies considered 
‘high risk’. If our preliminary observational data reflects the prevalence 
of undiagnosed pregestational, type 2 diabetes, perhaps women with 
risk factors for type 2 diabetes should be offered fetal echocardiography 
screening, similar to those with pre-existing type 1 diabetes.

Study Limitations
Due to the retrospective nature of our study, our referral population 

was determined by the local, obstetric referral criteria at each of the 
hospitals that refer to our tertiary centre. Subsequently the true 
denominator of our regional GDM population was unknown. In 
addition, the obstetric diagnostic criteria for GDM were not defined. To 
minimise our false positive rate, we excluded women with pregestational 
diabetes and included only patients in whom a diagnosis of GDM was 
confirmed by the referring team. 

Conclusions
Our retrospective study from a single center, suggests that women 

with GDM may have a similar risk for occurrence of fetal CHD as 
women with pre-existing Type 1 diabetes. The occurrence of CHD in 

our GDM population may reflect a combination of hyperglycaemia, 
insulin resistance, an elevated BMI and possibly and perhaps most 
significantly, undiagnosed pre-gestational diabetes. The data in this 
study must be considered as preliminary, but based on this preliminary 
data we consider these women to be at an increased risk of having a baby 
with CHD. Until more detailed data from larger studies is available, 
we will continue to accept these women as referrals for detailed fetal 
echocardiography. We would recommend a prospective, multicentre 
study to identify women at high risk, who may have undiagnosed 
pregestational type 2 diabetes. In addition we recommend further 
studies to assess an association between an increased maternal BMI and 
the incidence of congenital heart disease.
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