
ORIGINAL ARTICLE

Hemoglobin A1c in Pregestational Diabetic Gravidas and
the Risk of Congenital Heart Disease in the Fetus

Roman Starikov • Justin Bohrer • William Goh •

Melissa Kuwahara • Edward K. Chien •

Vrishali Lopes • Donald Coustan

Received: 11 February 2013 / Accepted: 4 April 2013 / Published online: 26 April 2013

� Springer Science+Business Media New York 2013

Abstract This study aimed to determine whether poor

glycemic control in early pregnancy is associated with an

increased risk of congenital heart disease (CHD) for infants

of women with preexisting diabetes. A retrospective review

examined two tertiary care centers of diabetic pregnancies

that recorded early hemoglobin A1c (HbA1c) values

(\20 weeks). The incidence of prenatally diagnosed CHD

was calculated and stratified by HbA1c level. Poor glyce-

mic control was defined as an HbA1c level of 8.5 % or

higher. Fetal echocardiography was used to identify fetuses

that resulted in infants with suspected CHD. Neonatal

echocardiograms and pathology reports were reviewed for

confirmation of the diagnosis. Of 535 patients, 30 (5.6 %)

delivered an infant with confirmed CHD. Among the

patients with poor glycemic control, 8.3 % (n = 17)

delivered an infant with CHD, whereas 3.9 % (n = 13) of

those with an HbA1c level lower than 8.5 % delivered an

infant with CHD (p = 0.03). Poor glycemic control in

early pregnancy is associated with an increased risk of

CHD in offspring. The incidence of CHD in patients with

adequate glycemic control still is sufficiently high to justify

routine fetal echocardiography for all gravidas with pre-

existing diabetes regardless of HbA1c level.
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Introduction

Congenital heart disease (CHD), one of the most common

congenital malformations, complicates 5–8 of every 1,000

live births [5, 10, 17]. Poorly controlled diabetes early in

pregnancy has been associated with an increased risk of

fetal malformations, and elevated blood glucose levels

during organogenesis appear to be teratogenic [4, 15].

Several authors have suggested that euglycemia in early

pregnancy reduces the risk of congenital anomalies to near

background levels [6, 11, 20], but some studies do not

show that the risk for congenital malformations is related to

diabetic control [16]. In pregnancies complicated by pre-

existing diabetes, the risk for CHD increases dramatically,

with reported rates of 21–46 per 1,000 births [8, 12, 14,

19]. In addition, recent studies suggest that elevated

hemoglobin A1c (HbA1c) is associated with a reduction in

fetal long-axis cardiac function [7].

Although preconception glycemic control is widely

recommended by physicians, few individuals achieve

optimal control before conception or during the first

2 months of pregnancy. Hemoglobin A1c levels in the first

half of pregnancy can be used as a marker for average

blood glucose levels during the period of organogenesis.
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Some previous studies have suggested a critical HbA1c

level of 8.5 %, above which rates of CHD increase dra-

matically [15], whereas other studies [8, 19] have failed to

find such a critical HbA1c value.

Some authors advocate that fetal echocardiography

should be offered to every diabetic woman regardless of

glycemic control early in pregnancy [14]. Identifying the

risk of CHD at various HbA1c levels would allow pro-

viders to counsel patients appropriately on the risk of CHD

and other anomalies and could lead to improved allocation

of resources by targeting appropriate pregnancies for

expensive and time-intensive evaluations, such as fetal

echocardiography. For patients with sufficiently low

HbA1c levels, such interventions might be safely avoided.

This study aimed to assess whether offspring of diabetic

gravidas with recorded HbA1c values of 8.5 % or more had

a higher incidence of CHD than gravidas with HbA1c

values lower than 8.5 %.

Materials and Methods

This retrospective study was conducted after institutional

review board approval at both institutions. The medical

records of women registered with the Diabetes in Preg-

nancy Program at Women and Infants Hospital of Rhode

Island between June 2003 and June 2012 were identified, as

well as the records of women who had been registered in

the ‘‘A Sweeter Choice’’ program, a comprehensive dia-

betes in pregnancy program at the University of Hawaii,

from January 2007 until March 2011. During this period,

maternal diabetic control was routinely assessed via

HbA1c levels at the first prenatal visit. Individuals with a

pre-pregnancy diagnosis of diabetes and singleton gestation

were included. If a patient had more than one pregnancy

during the period studied, we examined only the most

recent pregnancy for which information was available.

Demographic characteristics, ultrasound findings, and

neonatal records were reviewed. Patients with preexisting

diabetes were routinely referred for a level 2 (L2) ultra-

sound at 18–20 weeks of gestation. A fetal echocardiog-

raphy typically was performed at the same time as the L2

ultrasound or several weeks afterward. Fetal echocardiog-

raphy results were available for 491 of the 535 patients.

Maternal Characteristics

The maternal age at the Women and Infants Hospital was

calculated at the time of the estimated date of confinement

(EDC) by using date of birth (DOB) and EDC (http://www-

users.med.cornell.edu/*spon/picu/calc/agecalc.htm). At

the University of Hawaii, maternal age at the time of the first

consultation appointment was recorded. Therefore, the

average maternal age is reported separately for the two

institutions. Maternal weight was recorded during the first

prenatal appointment, and the EDC was based on the ultra-

sound and the first day of the patient’s last menstrual period

(LMP), according to the American Congress of Obstetricians

and Gynecologists (ACOG) recommendations [1].

If the EDC by the LMP and the first ultrasound exami-

nation were not consistent, then the ultrasound-obtained

EDC was used. Gestational age at the time of the HbA1c

measurement was calculated using the probable LMP (EDC

minus 280 days). The difference between the date when the

HbA1c was recorded and the probable LMP was divided by

seven and reported as gestational age at the time of HbA1c

measurement. For convenience, this then was rounded down

to a whole number (e.g., 8 weeks and 2 days were recorded

simply as 8 weeks). Gestational age at the time of fetal

echocardiography was calculated using a similar method.

We also assessed the patients’ use of medications

associated with CHD, such as angiotensin-converting

enzyme (ACE) inhibitors, antiepileptic drugs (AED), and

lithium, at the time of conception. Any personal or family

history of CHD also was recorded at the time of the chart

review.

Pre- and Postnatal Diagnosis of CHD

During the L2 ultrasound, the fetal heart was routinely

assessed by demonstrating the position of the fetal heart

within the chest, heart axis, M-mode, four-chamber view,

and the left and right outflow tracts. The fetal echocardi-

ography consisted of all these in addition to a real-time

evaluation of the four-chamber heart view, wall motion,

ventricular outflow tracts, aortic arch, ductal arch, valvular

position and function, left pulmonary venous return, infe-

rior and superior vena cava, Doppler velocimetry, and

color flow mapping.

All fetal echocardiographies were performed by mater-

nal fetal specialists at sites certified by the American

Institute of Ultrasound in Medicine. For the purpose of this

study, intracardiac echogenic foci, pericardial effusion of

3 mm or less, ventricular wall hypertrophy, arrhythmia,

and cardiac axis deviation without cardiac anomaly were

not considered to be consistent with CHD.

Congenital heart disease was subclassified into two

categories: major (requiring referral for surgery immedi-

ately or early in childhood) or minor (not requiring any

immediate surgical repair). Fetal echocardiography results

were classified as normal, abnormal (major or minor CHD

present), or limited (ventricular outflow tract and four-

chamber views not obtainable by the provider after three

separate attempts).

After delivery, we reviewed all neonatal charts and

autopsy reports to confirm the diagnosis of CHD. Neonatal
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echocardiography was performed for infants with antenatal

suspected cardiac anomalies or if clinically indicated, as

determined by the pediatrician caring for the newborn. If

the initial exam by the pediatrician did not show any

abnormal cardiac findings and a neonatal echocardiography

was not ordered, we assumed that the infant did not have

CHD. For terminated pregnancies, the diagnosis of CHD

was confirmed by reviewing the autopsy results. We

excluded all infants with known major chromosomal

abnormalities from our final analysis. We also excluded

patients from our study if the initial HbA1c was drawn

after 20 weeks.

Statistical Analysis

Sample size calculations were based on an a priori feasibility

assessment that showed a 1:2 distribution between patients

with an HbA1c level of 8.5 % or higher and those with a

HbA1c level lower than 8.5 %. Using an alpha of 0.05 (two-

sided), a power of 80 %, HbA1c level as an independent

variable, and CHD as the outcome, we calculated a sample

size using Chi square. Based on published data, we assumed

that the incidence of CHD in patients with HbA1c levels

lower than 8.5 % was *1 % and that the incidence of CHD

in patients with HbA1c levels of 8.5 % or higher approached

5 % [8, 15, 19]. Therefore, we calculated that a review of 579

charts would be needed to determine a statistically signifi-

cant difference if one existed.

Statistical analysis was performed using SAS version

9.1 (SAS, Cary, NC, USA). Categorical variables were

compared by Chi square or Fisher’s exact test. Continuous

variables were compared using t tests for two groups and

analysis of variance (ANOVA) for three or more groups for

normally distributed data. Nonparametric data were eval-

uated using the Wilcoxon sum rank test for two groups and

the Kruskal–Wallis test for three or more groups. Two-

sided p values lower than 0.05 were considered statistically

significant.

Results

The inclusion criteria were met by 535 patients. Table 1

summarizes the demographic and clinical characteristics of

the patients included in the study. The mean gestational age

was 10.2 ± 4.3 weeks for HbA1c measurements lower

than 8.5 % and 8.8 ± 3.7 weeks for HbA1c values of

8.5 % or higher (p \ 0.0001). Of the 535 patients, 164 had

type 1 diabetes mellitus and 371 had type 2 diabetes mel-

litus. The distribution of patients with respect to HbA1c

level is summarized in Fig. 1.

The study identified 30 confirmed cases of major and

minor CHD. During the antenatal period, 15 fetuses had

abnormal fetal echocardiographies, so they were suspected

to have CHD. Neonatal echocardiography confirmed CHD

in all 15 infants. In addition, neonatal echocardiography

confirmed CHD in 14 infants who had either no fetal

echocardiography or normal findings on fetal echocardi-

ography. One newborn did not have neonatal echocardi-

ography immediately after birth but was discharged after

evaluation by a pediatric cardiologist, who documented a

finding compatible with a small ventricular septal defect

(VSD). The specific cardiac defects, fetal echocardiogra-

phy results, maternal ages, and HbA1c levels are summa-

rized in Table 2.

The sensitivity of fetal echocardiography for predicting

major CHD in our study was 50 %, and the specificity of

fetal echocardiography was 98.3 %. The positive predictive

value of fetal echocardiography was 55.5 %, and the neg-

ative predictive value was 97.9 %. Table 2 indicates that

normal fetal echocardiographies were associated with eight

cases of postnatally diagnosed VSD, two bicuspid aortic

valves, and one atrial septal defect (ASD). One infant with

hemitruncus and one infant with tetralogy of Fallot had

normal fetal echocardiographies. The prevalence of all

CHDs and major CHDs in each of the two HbA1c cate-

gories are delineated in Table 3.

The overall incidence of CHD in our patient population

was 5.6 %. The incidence of CHD in patients with an

HbA1c level of 8.5 % or higher was 8.3 % compared with

3.9 % in patients with an HbA1c level lower than 8.5 %

(p = 0.03). The crude odds ratio (OR) was 2.22 (95 %

confidence interval [CI], 1.06–4.68) that patients with an

HbA1c level of 8.5 % or higher would carry a fetus with

CHD compared with those who had a lower HbA1c. When

we adjusted for possible confounders such as age, body

mass index (BMI), gestational age at the time the HbA1c

was drawn, and diabetes type, the adjusted OR was 2.55

(95 % CI, 1.18–5.50), as shown in Table 4. The rate of

major CHD for the patients with an HbA1c level of 8.5 %

or more was almost three times higher than the rate for the

patients with an HbA1c level lower than 8.5 % (6.4 vs

2.4 %; p = 0.02). As depicted in Table 4, the crude OR

was 2.75 (95 % CI, 1.12–6.75) and the adjusted OR was

3.15 (95 % CI, 1.24–8.02).

When we analyzed rates of CHD, controlling for the use

of teratogenic medications (lithium, ACE inhibitors, and

antiepileptic drugs) during organogenesis and family his-

tory of CHD, the final results did not show a difference

because these two variables were documented to be rare in

our patient population. Two infants with CHD had a

positive family history of CHD, and one infant with CHD

had exposure to a potentially teratogenic medication.

Because women with type 1 diabetes had statistically

higher HbA1c values than women with type 2 diabetes, we

performed an analysis comparing the risks for all CHDs
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and major CHDs by diabetes type. Our findings are sum-

marized in Table 5. It appears that the risk for CHD is

dependent on HbA1c value rather than diabetes type.

Discussion

Some studies have suggested a critical level of HbA1c

above which the risk of fetal structural abnormalities

(including CHD) is increased [15], but other studies have

failed to find such a critical level [8, 12, 14, 19]. In our

cohort of patients, the incidence of CHD was increased in

those whose HbA1c level was 8.5 % or higher during the

first half of the pregnancy. However, the 3.9 % incidence

of CHD in those with an HbA1c lower than 8.5 % was

approximately five times higher than the background rate

of 0.5–0.8 % [5, 10, 17] and higher than the 1.9 % of live

births reported by the Rhode Island Birth Defect Program

between 2004 and 2008 [9]. For values of 8.5 % or higher,

the rate of CHD (8.3 %) was more than 10 times higher

than the background.

Our study confirms that the incidence of CHD rises as

HbA1c levels increase. However, even at lower HbA1c

levels, the incidence of CHD still is high, so referral of any

patient with preexisting diabetes for fetal echocardiography

would be appropriate regardless of HbA1c level. A similar

conclusion can be drawn with regard to major CHD. The

results of our study can be used to counsel patients pre-

conceptionally and during early pregnancy on the risks of

CHD in their offspring.

Our study had several limitations that should be taken into

account when the results are interpreted. We assumed that

neonates who underwent normal newborn cardiac examin-

ations had no cardiac abnormalities, and a neonatal echo-

cardiogram was not performed for every infant. Our study

did not include internal controls to determine the incidence

of CHD among nondiabetic pregnancies in our patient pop-

ulation. Our power analysis recommended that 579 charts be

reviewed, but we included only 535 charts in our analysis

after we had eliminated twins and patients whose HbA1c was

collected after 20 weeks gestation. We also counted only the

most recent pregnancy for each woman.

Nevertheless, after analysis of 535 charts, the results of

our study still are significant. Our study was underpowered

Table 1 Demographics and clinical characteristics by hemoglobin

A1c (HbA1c) level \8.5 % versus C8.5 %

Variable HbA1c

level \ 8.5 %

(n = 331)

HbA1c

level C 8.5 %

(n = 204)

p value

Age from

WIHa
31.4 ± 6.2 29.4 ± 6.9 0.007

Age from

Hawaiib
32 ± 5.9 29.3 ± 5.4 0.002

Racec

White 65 (51.2) 0.32

AA 135 (62.2) 20 (15.7)

Asian 24 (11.1) 3 (2.4)

Hispanic 6 (2.8) 23 (18.1)

Others 33 (15.2) 19 (8.8) 16 (12.6)

BMId

34.3 ± 8.5 32.6 ± 8.4 0.02

GA at HbA1c levele

10.1 ± 4.3 8.8 ± 3.7 \0.001

Gravidityf 61 (19.6) 42 (21.5) 0.58

Primigravida 251 (80.4) 153 (78.5)

Multigravida

Parityf

Nulliparous 103 (33.0) 68 (34.9)

Multiparous 209 (67.0) 127 (65.1) 0.67

Diabetes type

Type 1 86 (26.0) 78 (38.2)

Type 2 245 (74.0) 126 (61.8) 0.003

WIH Woman and Infants Hospital, AA African American, BMI body

mass index, GA gestation age

Data are expressed as mean ± standard deviation or as n (%)
a HbA1c \ 8.5 % (n = 217); HbA1c C 8.5 % (n = 127)
b HbA1c \ 8.5 % (n = 114); HbA1c C 8.5 % (n = 77)
c HbA1c \ 8.5 % (n = 217); HbA1c C 8.5 % (n = 127) (women

and infants site only)
d HbA1c \ 8.5 % (n = 328); HbA1c C 8.5 % (n = 200)
e HbA1c \ 8.5 % (n = 326); HbA1c C 8.5 % (n = 202)
f HbA1c \ 8.5 % (n = 312); HbA1c C 8.5 % (n = 195)
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to determine whether individuals who meet strict criteria

for optimal glycemic control, defined by an HbA1c level

lower than 6.5 % (the value defined by ADA as the

threshold for the diagnosis of preexisting diabetes in non-

pregnant individuals and in the first trimester) [2], are at

lower risk of having infants with CHD. By these criteria,

Table 2 Hemoglobin A1c (HbA1c) levels and specific cardiac defects

Age Diabetes type HbA1c (%) FE findings NE or pathology report

37 2 5.5 VSD VSD

38 2 6 TGA TGA

19 2 6.1 Normal VSDa

27 1 6.2 Normal BAVa

30 2 6.2 Normal VSDa

22 1 6.5 Single ventricle/TA HLHS

36 2 6.7 Normal ASDa

41 2 6.7 NA Multiple VSDs

41 2 7.2 Normal BAVa

40 2 7.4 VSD VSD

36 2 7.5 Normal Anomalous origin of right coronary artery

34 2 7.9 Normal TOF

38 2 8 Normal Hemitruncus

29 1 8.5 VSD/ASD VSD/ASD

30 2 8.9 Normal VSDa

39 2 9 VSD VSD

25 1 9.3 TOF TOF

22 2 9.3 Normal VSD

35 2 9.4 Cardiosplenic syndrome, dextrocardia, TA Cardiosplenic syndrome, dextrocardia, TA

27 2 10.4 Normal Anomalous origin of the right coronary artery, VSD

20 1 11.1 Single ventricle VSD, pulmonary atresia

24 2 11.3 TA, VSD TA, VSD

20 2 11.3 Normal VSDa

35 2 11.9 HLHS, double-outlet RV, VSD, AV canal defect HLHS, Double outlet RV, VSD, AV canal defect

22 1 12 VSD/TGA TGA, VSD, pulmonary atresia

33 2 12.9 Double-outlet RV, ASD, VSD, hypoplastic RVOT Double outlet RV, ASD,VSD, hypoplastic RVOT

29 2 12.9 Normal Multiple VSDs

41 2 13.3 VSD VSD

26 2 13.4 RVOT enlarged VSDa,b

23 2 14.1 Normal VSDa

FE fetal echocardiography, NE neonatal echocardiography, VSD ventricular septal defect, TGA transposition of great arteries, BAV bicuspid

aortic valve, HLHS hypoplastic left heart syndrome, TA truncus arteriosus, ASD atrial septal defect, NA not available, TOF tetralogy of Fallot, RV

right ventricle, AV atrioventricular, RVOT right ventricular outflow tract
a Considered Minor CHD
b Diagnosis of CHD was confirmed by pediatric cardiologist

Table 3 Incidence of

congenital heard disease (CHD)

and major CHD for hemoglobin

A1c (HbA1c) \ 8.5 % versus

HbA1c C 8.5 %

HbA1c B 8.4

(n = 331) n (%)

HbA1c C 8.5

(n = 204) n (%)

p value

All CHD

Present 13 (3.9) 17 (8.3) 0.03

Absent 318 (96.1) 187 (91.7)

Major CHD

Present 8 (2.4) 13 (6.4) 0.02

Absent 323 (97.6) 191 (93.6)
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77.8 % of the patients in this study were not optimally

controlled in the first half of pregnancy, similar to other

studies [16, 19]. Notably, of 119 subjects with an HbA1c

level lower than 6.5 %, 5 infants (4.2 %) had CHD, and

this rate is similar to the 3.9 % risk of CHD in all cases

with an HbA1c lower than 8.5 %.

It has been almost 20 years since the last study of CHD

and HbA1c. The strength of our study is the large sample of

535 patients. The data were derived from diverse patient

populations at one major tertiary care center on the East

Coast and at the only tertiary care center for the state of

Hawaii and other Pacific islands. In contrast, previous

reports have involved fewer subjects: 175 subjects [19] and

286 subjects with 328 pregnancies [8].

Previous studies suggest that the four-chamber view and

outflow tracts usually yield a CHD detection rate of

50–90 % [3, 13, 18, 21]. In our study, the CHD detection

rate with fetal echocardiography was 50 %, but the

majority of defects that fetal echocardiography failed to

detect prenatally were VSDs, ASDs, and a bicuspid aortic

valve. Small VSDs or ASDs can be challenging to diagnose

prenatally. A bicuspid aortic valve can also be difficult to

visualize with fetal echocardiography and is not part of the

routine fetal echocardiography.

Patients with poor glycemic control are at increased risk

for fetal defects including CHD. This evidence supports the

goal of optimal glycemic control before conception and in

early pregnancy during organogenesis. Our study also

suggests that preexisting diabetes by itself may be an

independent risk factor for CHD, but in the patients with

the worst control (HbA1c [ 8.5 %), the risk of CHD

increases dramatically. Further studies are needed to

determine whether optimally controlled patients with an

HbA1c level lower than 6.5 % have a greater risk for CHD

than the baseline population. Currently, based on our

results, we recommend a screening fetal echocardiogram

for all pregnancies complicated by pregestational diabetes

regardless of glycemic control.
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