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Abstract

Background: HbA1c is now accepted as a standard measure for diagnosing type 2

diabetes mellitus. Maternal high HbA1c levels have been associated with increased

risk of adverse neonatal outcomes.

Objective: To find out the relationship between maternal HbA1c and neonatal

outcomes.

Materials & Methods: This prospective observational study was conducted from

February 2018 to January 2019 in the Department of Neonatology and Department of

Gynecology & Obstetrics, BSMMU, Dhaka. Diabetic mothers with known HbA1c

Value and their infants who were born in this study period in BSMMU were enrolled.

Neonates were divided into two groups. One group that had maternal HbA1c <6% and

the other group >6%. Neonatal weights, routine capillary blood glucose were recorded.

Results: Among the total 94 mothers, HbA1c level were <6% in 56 mothers and  ³6%

in 38 mothers. The mean weight, BMI and previous history of gestational diabetes of

mothers were significantly higher in HbA1c ³6% group. Birth weight and large for

gestational age infants was high in ³6% HbA1c group. Neonatal hypoglycemia

developed more in high HbA1c group. Total visible birth defect was 4 and all were in

high HbA1c group (p=0.022).

Conclusion: Elevated HbA1c level during pregnancy is a predictor for large for

gestational age infants as well as neonatal hypoglycemia.
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Introduction:

Diabetes mellitus is now one of the most common
non-communicable disease globally. Magnitude of
diabetes mellitus in Bangladesh is increasing.¹
According to WHO report, 2016, 8% (12.88 million) of
total population Bangladesh was affected by diabetes.

Hyperglycemia first detected at any time during
pregnancy should be classified as either: Diabetes
mellitus in pregnancy or gestational diabetes mellitus.
Diabetes mellitus in pregnancy should be diagnosed
by if one or more of the following criteria are met: 1)

fasting plasma glucose ³7.0 mmol/l (126 mg/dl) 2) 2-

hour plasma glucose ³11.1 mmol/l (200mg/dl)

following a 75g oral glucose load, 3) random plasma

glucose ³11.1 mmol/l (200mg/dl) in the presence of

diabetic symptoms.2 Diabetes during pregnancy is

mostly due to Gestational diabetes mellitus (GDM).

GDM is glucose intolerance at any degree which starts

or is recognized during pregnancy. Gestational

diabetes mellitus should be diagnosed at any time in

pregnancy if one or more of the following criteria are

met: 1) fasting plasma glucose 5.1- 6.9 mmol/l (92-

125 mg/dl) 2) 1- hour plasma glucose ³10.0 mmol/l

(180mg/dl) following a 75g oral glucose load. 3) 2-

hour plasma glucose 8.5-11.1 mmol/l (153-199 mg/

dl) following a 75g oral glucose load.2 The prevalence

of GDM is rising worldwide. The prevalence of

gestational diabetes (GDM) ranges from 8.2% in rural

Bangladesh to 12.9%.
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The rising prevalence of GDM, along with perinatal

complications secondary to GDM, and significant

long-term impacts on offspring of women with GDM,

is an important concern to Obstetric and

Neonatologists at both in individual and population

health level. Infant of diabetic mother is defined as

baby born to a mother who had existence of diabetes

in pregnancy. It is currently estimated that 2-3% all

pregnancies are complicated by diabetes.3

Macrosomia is classic presentation of poorly

controlled IDM.3   HbA1c is widely used as a

measure of metabolic control during pregnancy. It

has been documented that HbA1c is associated with

diabetes-related pregnancy complications. In

addition, HbA1c can be measured independently of

the patient’s compliance with glucose monitoring and

it is therefore of special value in women with

suboptimal treatment compliance. As there is paucity

of information about this aspect in Bangladesh, the

study may serve as a baseline information for

clinicians and other research workers.The objective

of this study was to find out relationship of maternal

elevated hemoglobin A1c level with adverse neonatal

outcomes.

Materials & Methods:

This observational study was conducted from

February 2018 to January 2019 in Department of

Neonatology and Department of Obstetrics and

Gynaecology, Bangabandhu Sheikh Mujib Medical

University (BSMMU), Dhaka. A written informed

consent was taken from parents and assurance

about confidentiality was given. Diabetic mothers with

known HbA1c Value and their Infants who were born

in this study period in Bangabandhu Sheikh Mujib

Medical University, Dhaka were recruited in this study.

A detailed history was taken from the parents of

recruited infants. Infants were divided in two groups.

One group who had maternal HbA1c levels less than

6% and the other group maternal HbA1c was 6%

and above. Neonates were excluded whose mother

had some diseases like hemoglobinopathy,

complicated with serious cardiovascular diseases

and hepato-renal diseases. Neonates with perinatal

asphyxia, sepsis, left hospital within 72 hours after

delivery were also excluded from this study.

Meticulous history of the individual newborn was taken

and physical assessment was done and required

information was recorded in a data collection form.

Newborns gestational age were calculated on the

basis of New Ballard scoring.  Anthropometry like

weight, length, and head circumference (OFC) were

measured at birth. The newborns weight was

recorded without clothing within first hour after birth

on an electronic scale with a precision of 10 g [Model

914, SALTER]. Length were measured by

infantometer in centimeter & OFC were measured

by measuring tape in centimeter. All infants were

routinely monitored for capillary blood glucose for 72

hours according to the institutional guideline and

those babies who had were found low capillary blood

glucose level by glucometer were tested for venous

blood in Department of Biochemistry, BSMMU to see

blood sugar level. Before collecting blood sample

chlorhexidine wash was given over the skin of hand

and blood was collected from superficial vein of the

hand. Mothers weight were taken by an electronic

scale (model: SALTER) and height were measured

by stadiometer in the postpartum period and BMI

(kg/m²) was calculated.

Data were analyzed using the statistical package

for social sciences (SPSS) version 20. Quantitative

data were expressed as mean± SD and categorical

data were presented as proportion. All quantitative

variables were compared by independent t-test;

categorical variables were compared by Chi-square

test or Fisher’s exact test. P value < 0.05 was

considered as significant. Pearson’s correlation test

was done.

To determine independent predictors of outcome

logistic regression analysis was performed, using

variables found significant on univariate analysis.

Odds ratios and 95% confidence intervals were

calculated.

Result:

During the study period, total 1159 deliveries occurred

in the Department of Obstetrics & Gynecology,

BSMMU. Among the total deliveries 242 mothers had

diabetes in this pregnancy. Among them only 111

mothers had documented HbA1c report, these women

were assigned for eligibility. Figure- 1 shows the

enrollment process of the infants.
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Maternal characteristics of the study group are
presented in Table-I. The mean weight and BMI are
significantly higher in HbA1c ³6% group which were
58.32 ± 4.33 vs 62.89 ± 5.06, p=<0.001 and 25.82 ±
2.27 vs 27.66 ± 2.43, p=<0.001 respectively. In
previous pregnancy of gestational diabetes between

two groups were 23.2% and 50.0% respectively which
is statistically significant (p=0.007).

Regarding HbA1c in between two HbA1c group in
trimester basis, {(first trimester 3.6% vs 10.5%), (second
trimester 60.7% vs 50.0%), (third trimester 35.7% vs
39.5%); p value=0.261} was not statistically significant.

Fig.-1: Flow chart of enrolment of neonate for study.

Infant of diabetic 

mother (n=242)

Infant of non-diabetic 

mother ( n=917)

Maternal HbA1c 

was not documented      

(n=131)

Maternal HbA1c was 

Documented (n=111)

HbA1c ≥ 6%        

n=38 (40.4%)

HbA1c < 6%    

n=56 (59.6%)

Excluded (n) = 17

Perinatal Asphyxia=2

Sepsis=6

Hemoglobinopathy=3

Left Hospital before 72 

hours=2

Not given consent=4

Total deliveries in the 

study period (N=1159)

Table I

Comparison of Maternal Characteristics According to Glycated Hemoglobin (HbA1c) Status in Pregnancy

Characteristics HbA1c <6% HbA1c ³6% P-value

n=56 n=38

Age (yr) (mean ± SD) 29.04 ± 5.02 29.55± 4.98 0.624

Weight (kg) (mean ± SD) 58.32 ± 4.33 62.89 ± 5.06 <0.001*

BMI (mean ± SD) 25.82 ± 2.27 27.66 ± 2.43 <0.001*

Chronic Hypertension, no (%) 7 (12.5%) 3 (7.9%) 0.477

Pregnancy Induced Hypertension 3 (5.4%) 4 (10.5%) 0.359

 Detection of HbA1c in pregnancy (Wk) (mean ± SD) 25.75±6.01 25.68±7.33 0.962

Trimester basis, no(%)

First Trimester 2 (3.6%) 4 (10.5%)

Second Trimester 34 (60.7%) 19 (50.0%) 0.261

Third Trimester 20 (35.7%) 15 (39.5%)

Type of Maternal Diabetes, no (%)

Gestational Diabetes Mellitus 53 (94.6%) 33 (86.8%) 0.183

Pre-gestational Diabetes Mellitus 3 (5.4%) 5 (13.2%)

Family History of Diabetes 32(57.1%) 19 (50.0%) 0.495

Previous history of Gestational  diabetes Mellitus 13 (23.2%) 19 (50.0%) 0.007
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Neonatal characteristics and outcome according to
maternal HbA1c status are shown in Table-II.  There
was no statistical difference between two groups in
aspect of gestational age, mode of delivery, small for

gestational age or preterm. But there was significant
difference between the groups regarding birth weight
& BMI, hypoglycemia, Large for gestational age &
visible birth defect (0% vs 10.8%, p=0.022)

Table –II

Comparison of Neonatal Characteristics and Neonatal Outcome According to Glycated Hemoglobin (HbA1c)

Status of mother in pregnancy

Neonatal Characteristics HbA1c <6% HbA1c ³6% P-
N= 56 N= 38 value

Gestational Age (Wk) 37± 1.643 37.18± 1.270 0.765
Birth Weight (gm) 2705.5 ± 547.4 3357.1± 713.4 <0.001*

Mode of delivery
NVD 3 (5.4%) 1 (2.7%) 0.521
LUCS 53 (94.6%) 37 (97.3%)
Large for Gestational Age 4 (7.1%) 16 (42.1%) <0.001*

Small for Gestational Age 12 (21.4%) 3 (8.1%) 0.104
Preterm 16 (28.0%) 11 (29.7%) 0.862
Hypoglycemia 4 (7%) 14 (37.8%) 0.001*

Visible Birth Defect 0 4 (10.8%) 0.022*

r=0.418* 
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Fig.-2: Pearson’s r Correlation of Maternal HbA1c level

with Birth weight of Baby

Fig.-3: Pearson’s r Correlation of Maternal HbA1c level

with blood glucose level of hypoglycemic infant.

In logistic regression analysis the independent neonatal adverse outcomes due to high maternal glycated
hemoglobin were large for gestational age infant (odd ratio 9.5, 95% CI 2.430 – 37.290, p= 0.001), neonatal
hypoglycemia (odd ratio 7.9, 95% CI 1.664 – 37.781, p= 0.009)

Table-III

Binary logistic regression showing risk of adverse neonatal outcome in women with  glycated hemoglobin

A1c ³6%

Neonatal Outcome SE  OR* 95% CI P value

Large for gestational age 0.697 9.5 2.430- 37.290 0.001*

Neonatal hypoglycemia 0.796 7.9 1.664- 37.781 0.009*

Small for gestational age 0.880 0.558 0.099- 3.135 0.508
Preterm 0.697 0.393 0.100- 1.543 0.181
Visible Birth defect 0.963 2.47 0.518-22.613 0.990

*OR adjusted for maternal BMI, previous history of GDM, treatment of diabetes.
Statistical test: Binary logistic regression. OR = odd ratio, CI= confidence interval, p-value were calculated
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Discussion:

Large for gestational age babies were significantly
related (P= <0.001) with high maternal hemoglobin
A1c concentration in pregnancy in this study. This
findings coincides with other styudy.4

In this study neonatal hypoglycemia was more
common among the HbA1c ³6% group (p=<0.001).
This is accordance with the other studies.5-7 It
suggests that higher maternal level of hemoglobin A1c
due to higher glucose load to increase fetal insulin
production as mentioned in the Pederson hypothesis.8

Mikkelson et al.9  showed there was six fold increased
risk of neonatal hypoglycemia with high hemoglobin
A1c in pregnancy. Our study also found there was
7.9 times more risk to develop neonatal hypoglycemia
in mother with high hemoglobin A1c in their diabetic
pregnancy.

Current study shows the significant relationship
(P=<0.001) between high HbA1c value and maternal
body mass index which was similar with other
studies.10,11

In this study family history of diabetes was  not related
to high HbA1c level which differ from the observation
of Mikkelsen MR.9  This may be due to lack of
awareness of diabetes checkup among the family
members.

Xin et al.12   found that mothers with normal hemoglobin
A1c level had 9.1%, 82.4% and 8.5% of SGA, AGA
and LGA infants respectively. Whereas, in those with
elevated HbA1c levels 16.2% infants were SGA, 64.9%
were AGA and 18.9% were LGA. In this study mothers
with hemoglobin <6% level 21.4% infants were SGA,
and 7.1% were LGA, where as in those with
hemoglobin A1c >6% levels, 8.1% infants were SGA,
and 42.1% were large for gestational age infants.

In this study 4 (4.3%) visible birth defect were found.
Among them two were meningomyelocele, one had
bilateral club foot and another one had imperforated
anus. All birth defects were in high hemoglobin A1c
group. Congenital heart defects were more in
uncontrolled diabetes with high hemoglobin A1c in a
study conducted by Lucas et al.13 In our study
congenital heart defects were not identified as
echocardiograph was not performed.

Conclusion:

Elevated HbA1c level during pregnancy is a predictor
for large for gestational age infants as well as neonatal
hypoglycemia. Future multicenter studies with larger
samples and trimester basis HbA1c follow up are
needed for better understanding the neonatal outcome.
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