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Abstract 
 

The aim of this study was to determine the role of serum HbA1c level for prediction of gestational diabetes mellitus in 
first trimester of pregnancy. A Prospective observational study was conducted at tertiary care center of eastern India 
from December 2021 to December 2022 among pregnant women attending antenatal OPD in their first trimester. 
Calculation of BMI, other routine investigations along with HbA1c level were done in the study population. All the 
recruited women were followed up with routine antenatal checkup and routinely OGTT was done at 24-28 weeks of 
gestational age. The prevalence of GDM in this study was 12.27%.The HbA1c value for women with GDM was 6.01 ± 
0.58% on average compared to 5.12 ± 0.56% for women without GDM. The area under ROC curve for HbA1c to detect 
GDM was 0.894 (95% CI 0.831–0.958). HbA1c cut off value of ≥5.54% was found. This has sensitivity of 88% and 
specificity of 82% for diagnosing GDM. For predicting GDM, the positive predictive value was 42.1% while the 
negative predictive value was 98.2%. The study shows that the first trimester HbA1C value can be used as a predictor 
and pointer in diagnosing development of GDM in pregnant women. 
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Introduction 
Gestational diabetes mellitus (GDM) is one of the 

metabolic diseases of concern   identified during 

pregnancy. The prevalence of GDM varies from 

3.8% to 21% depending on the geographical 

circumstances in various regions of India and the 

diagnostic techniques employed (1). Prevalence is 

on rise in the low-and-middle income countries 

where obesity is an associated risk factor (2, 3). 

There are various methods of diagnosis for GDM, 

including ACOG,DIPSI,WHO diagnostic criteria. 

Pregnancies that are complicated by GDM have 

substantially greater rate of feto-maternal 

problems. Spontaneous abortions, gestational 

hypertension, polyhydramnios, preterm 

premature rupture of membrane, cord prolapse, 

abruption placenta are maternal complications 

during antenatal period. Intrapartum 

complications are higher rate of cesarean section; 

post-partum haemorrhage and birth canal injuries 

.Sepsis and sub involution are significant 

postpartum complications. Macrosomia, shoulder 

dystocia, hypoglycemia, hypocalcemia, 

hyperbilirubinemia and respiratory distress 

syndrome are some of the established fetal 

complications. 

As Diabetes in Pregnancy Study group of India 

(DIPSI) is practically a single screening approach 

for GDM (4), it is recommended by Ministry of 

Health and Family Welfare, Government of 

India.Candidates are instructed to consume 75 gm 

glucose mixed with 300 milliliters of water while 

not fasting. After 2hours, blood sugar levels are 

examined; and if they are not below 140 mg/dl, 

GDM is suspected. In the event if an individual 

vomits within 30minutes, the test must be redone. 

The gold standard diagnostic for the diagnosis of 

GDM is the Oral glucose tolerance test (OGTT) (5-

7). However, it is a time-consuming   process for 

both participant and the medical staff. It calls for 2 

hours of sample collection time and needs 

overnight fasting   and two more blood samples 

after glucose intake. HbA1c has been suggested as 

a screening method for determining gestational 

diabetes mellitus by both World Health 

Organization (WHO) in 2011 and American 

diabetic association (ADA) (8, 9).
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However, there are no guidelines for using HbA1c 

as a GDM screening technique. We conducted this 

study to assess the usefulness of HbA1c in GDM 

screening. 
 

Materials and methods 
This is a Prospective Observational Study 

conducted in the antenatal OPD at IMS & SUM 

Hospital, Bhubaneswar, Odisha from December 

2021 to December 2022. Taking the prevalence as 

16% (10, 11), considering a non-response rate of 

7% and absolute precision or allowable error of 

5%, a sample of 220 eligible subjects were 

calculated by using this formula(3.84×p×q/I2), 

where p=prevalence, q=(1-p), and l=absolute 

precision. The sampling method used was 

Consecutive sampling method. 

All pregnant women aged 18years to 45 years 

who were in their first trimester were recruited 

during the above-mentioned time period in our 

antenatal OPD unit. Informed consent was 

obtained from the study participants. Women 

previously diagnosed as diabetes, anemia due to 

chronic kidney disease, presence of haemoglobin 

variants (12) were excluded from the study. 

Singleton pregnancy    without above co-

morbidities were included in the study with 

proper history and clinical examinations. Our 

study included elderly age group having infertility 

issue, previous history of PCOS and macrosomia 

in previous pregnancy who ever attended the OPD 

during the study period.  

Blood sample for HBA1c estimation was collected 

on their first visit. They were followed up with 

routine care. OGTT was performed routinely in 

the recruited women at gestational age between 

24th to 28th weeks. Height in meter and weight in 

kg were taken and Body Mass Index (BMI) of each 

participant was calculated. OGTT was performed 

in whom fasting blood sample was taken and then 

participants were asked to drink 75gm glucose 

with 300ml of water. Plasma glucose 

measurement was carried out by Automated 

Hexokinase method after 1 hour and 2 hours of 

ingestion. 

GDM was identified using the ADA and WHO 2013 

diagnostic standards for a 2-hour 75 gm OGTT. 

When one or more of the plasma glucose levels 

met or surpassed the fasting glucose 

concentration threshold of 92 mg/dl, 1-hour 

glucose concentration threshold of 180 mg/dl, or 

2-hour glucose concentration threshold of 153 

mg/dl, GDM was diagnosed (5). 

Glycated   haemoglobin (HbA1c) usually assesses 

the last 3-month sugar level. HbA1c ≥ 6.5% (13) is 

considered pre gestational  diabetes by the 

American Diabetes Association. It requires one, 

non-fasting blood sample which was measured on 

an EDTA sample using an ion exchange high 

Performance Liquid Chromatography (HPLC) 

which is the gold standard method for estimation 

of HbA1c. Samples are routinely processed within 

48hrs of collection and stored between 2-6 

degrees where they are stable for up to six days.  

Undiagnosed pre-gestational diabetes can be   

screened at first visit by HbA1c. Apart from 

diabetes screening, HbA1c confers detection of 

adverse perinatal events. A recent study suggests 

that higher HBA1C (>6.0%) level is associated 

with adverse perinatal outcome like neonatal 

asphyxia and meconium stained liquor even if 

there is normal OGTT (14).    High hba1c leads to 

large for gestational age baby in absence of 

diabetes (15). 

Statistical analysis 

Data were tabulated in Microsoft excel 2017 and 

analyzed using appropriate statistical tests in 

Statistical Package for Social Sciences (SPSS) 

version 2021. Continuous variables are 

represented by proportions, means and standard 

deviations (SDs). For the differences between two 

group mean, Independent Sample test was used. 

The diagnostic performance of HbA1c in 

gestational diabetes prediction was measured 

using ROC (Receiver-operating characteristic) 

curve. The cut off value of Hba1c was determined 

by Youden’s formula and the area under the curve 

(AUC) was obtained. Sensitivity, specificity, 

positive predictive value (PPV), negative 

predictive value (NPV) and likelihood ratios (LR) 

for different HbA1c cut off points were calculated 

along with P value. The difference was considered 

significant if p-value was <0.05 and highly 

significant if it was <0.01. 
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Results 
Total pregnant women participated in this study 

were 220. GDM was identified in 27 cases out of 

220 subjects with prevalence of 12.27% when 

OGTT criteria was taken into account and their 

base line characteristics are given below in Table 

1. 

Out of 220 women, 84 (38.18%) women were 

between 18-25 years, 98 (44.54%) women were 

between 26-30 years and 38 (17.2%) women 

were above 30 years. About 55 (25%) were 

multigravida while 165 (75%) patients were 

primigravida. Overweight or obesity were present 

in about 29 (13.1%) study participants i.e., about 

one-fourth of the total. 

The mean age of study participants was 27.2±4.4 

years as shown in above Table 2. The range of 

HbA1c readings was 4.0 % to 7.6% during first 

trimester. The mean BMI of study participants 

was 24.65km/m2 and mean HbA1c level was 

5.24% ±0.64%. 

For women with GDM, HbA1c score in terms of 

mean and standard deviation was 6.01 ±0.58%, 

whereas for women without GDM, it was 5.12 ± 

0.56%. The difference of HbA1c (p<0.000) was 

found to be statistically highly significant between 

GDM and non-GDM groups by applying 

Independent Sample test. 

The mean BMI in women with GDM was 26.86 

±5.08 kg/m2 and 24.3±4.94kg/m2 in case of non-

GDM group as shown in Table 3.  BMI showed 

statistically significant difference between both 

groups (p<0.05) on applying Independent Sample 

test. 

The diagnostic capacity of a binary classifier 

system is graphically depicted by the receiver 

operating characteristic (ROC)curve (Figure 1). 

The analysis of ROC curve in this study revealed 

an AUC (area under the curve) of 0.894 (95% CI 

0.831–0.958) indicating a significant HbA1c 

prediction of gestational diabetes mellitus. For the 

diagnosis of GDM, the HbA1c cut-off value was 

≥5.54% which had a sensitivity of 88.9% and 

specificity of 82.9%.The positive predictive value 

and negative predictive value were 42.1% and 

98.2% respectively. 

 

Table 1: Base Line Characteristics 

AGE NO % 

18-25YR 84 38.18 

26-30YR 98 44.54 

>30YR 38 17.27 

PARITY 

PRIMIPARA 165 75 

MULTIPARA 55 25 

BMI 

UNDERWT 7 3 

NORMAL WT 128 58.1 

OVER WT 56 25.4 

OBESE( 1+2) 21+8 13.1 

 

Table 2: Mean of individual parameters in study population 

 Minimum Maximum Mean 

 

Standard     

Deviation 

BMI 15.9 52.7 24.65 5.01 

Hba1c 4.0 7.6 5.24 0.650 

Age 19 45 27.2 4.41 
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Table 3: HBA1C & BMI correlation among GDM and NON GDM 

  GDM NON GDM 

HBA1C Minimum 4.7  

Maximum 7.4  

Mean 6.01 5.12 

SD 0.58 0.56 

BMI Minimum 20.1  

Maximum 42.6  

Mean 26.86 24.3 

SD 5.08 4.49 

 

 

 
 

Figure 1: ROC curve of first trimester HbA1c for diagnosis of GDM using OGTT (WHO 2013) diagnostic 

criteria as reference 

[The p-value (p-value< 0.00) was highly significant and area under the curve was 0.894. This suggests that GDM can 

be accurately diagnosed with high sensitivity and specificity using HbA1c. The Likelihood Ratio (LR)was high with 

Hba1c (≥5.54).It has a LR+ of 5.19 times more than non-GDM cases (95% CI 3.70-7.29) and a LR- of 0.13(95% CI 0.04-

0.39).] 
 

Discussion 
In this study, 27 women out of 220 women 

developed GDM during pregnancy. When taking 

into account both rural and urban population, the 

prevalence of gestational diabetes was 12%.  

Seshiahv et al. and Stuti et al. research (10, 11) 

conducted in several cities across India found a 

prevalence of 16.55%, which was comparable to 

the prevalence found in our study. The study 

conducted by Macaulay S et al among high-risk 

women (16) reported a prevalence of 14%. The 

prevalence of GDM in a North Indian Study by 

Sharma k and Wahi p et al was about 6 to 7% 

(17,18). 

The mean age of the study participants was 27.2 ± 

4.4 years. About 55(25%) patients were 

multigravida. The mean BMI of study participants 

was 24.65±5.01 kg/m2 and mean BMI for GDM 

women was 26.86 kg/m2. Among pregnant 

women, who had BMI of ≥ 25 kg/m2, there was 
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higher chance of developing GDM compared to 

those with BMI of < 25 kg/m2 (2,19). 

Mean HbA1c level   of women with GDM had a 

value of 6.01 ±0.58% as opposed to 5.12 ± 0.56% 

in women without GDM.  A study by Shashikala et 

al (20) found that the mean HbA1c of GDM cases 

was 5.68 ± 0.69%. Our finding also corroborated 

with this study.  

According to the results of the Shashikala et al. 

(20), early trimester HbA1c can be utilized as a 

screening tool. If HbA1c is >5.5%, can be used to 

diagnose GDM. The specificity was 83.6%, PPV 

and NPV were 41.5% and 83.7% respectively. In 

our study, HbA1c value for prediction of GDM was 

5.54% with high sensitivity of 88% and specificity 

of 82%. The PPV of HbA1c was 42.1% and 

negative predictive value was 98.2% for the 

diagnosis of GDM in first trimester. 

According to a study by Sujithra et al. (21), HbA1c 

≥5.7 done before 12 weeks pregnancy indicates a 

higher risk of developing gestational diabetes 

than Hba1c <5.7% with sensitivity of 70.4%, 

specificity 93.2%, PPV 79.2%, NPV 89.5%. 

Additionally, it suggested that HbA1c might be 

utilized as early as 12 weeks for GDM prediction 

and this conclusion was consistent with our study. 

According to Poo et al. (22), a pilot study among 

Singapore women were conducted at first 

trimester for the prediction of GDM, low risk 

women do not require screening in second 

trimester when HbA1c is < 5.2%. 

In a tertiary medical facility Petach et al. (23) 

discovered that gestational diabetes was 

predicted with a sensitivity of 83.3%, specificity of 

69%, PPV 53% and NPV 90.8% respectively in 

first trimester when HbA1c ≥5.45%. Our finding 

was corroborated with above study. 

First trimester HbA1c level> 5.9% enhanced the 

risk of GDM with sensitivity 2.78% and specificity 

99.83% in a study (24). 

HbA1c ≥5.8% can be used as a predicting marker 

for GDM according to Renz et al. (25), with 

sensitivity of 26.4% and specificity of 94.9%. The 

screening test along with various HbA1c cutoff 

points may be utilized as a diagnostic tool for 

GDM, they concluded. 

A prospective study involving 690 women was 

conducted by Wu et al. (26). At HbA1c cut off 

≥5.2%, hematocrit and HbA1c coupled to 

diagnose GDM had specificity of 96.6%, sensitivity 

of 13.3%, PPV of 50% and NPV of 81.6%. The area 

under the curve for GDM identification with 

HbA1c alone was 0.563 and increased to 0.640 

when HbA1c and hematocrit were combined. 

They came to the conclusion that hematocrit and 

HbA1c exhibit a substantial positive correlation 

with HOMA-IR. In a study by Shrivastava et al. in 

(27), at 24-28 weeks, a cut-off value of HbA1c 

considering DIPSI criteria was 5.5%, the 

specificity was 84.9% and the sensitivity was 

98.6% in predicting GDM. 

In a study conducted by Sevket et al. (28), HbA1c 

≥5.2% had a positive predictive value of 26.77%, 

sensitivity of 64.15% and specificity of 67.48% in 

detecting GDM. They came to the conclusion that 

HbA1c should not be used in isolation alone to 

diagnose of GDM. This older study contradicts our 

results. 

We compared the performance of our model with 

a previously published early pregnancy prediction 

model. Study by Guo (29) prediction model with 

an AUC of 0.707 (95%CI: 0.67-0.74) and p value 

0.024. Which was based on age, FBG, family H/O 

diabetes and H/O GDM. The extended model of 

Guo 2020 with an AUC of 0.726 (95%CI: 0.69-

0.77) and p< value0.001. Another study by HU et 

al. (30) showed AUC for GDM using stepwise LR 

was 0.752, whereas the AUC of the model using 

XG Boost ML was 0.946. In our study, AUC of 

0.894 (95% CI 0.831–0.958) was greater and also 

the p value was <0.00 which was highly 

significant than other study. The prediction ability 

of our study was better than the basic and 

extended model by Guo in 2020. Performance of 

our study was inferior to XG Boost ML model. 

However this model is complex taking multiple 

factors into consideration. 

Our work provides evidence that first trimester 

HbA1c can be used as a diagnostic marker for 

GDM based on the observations as mentioned. 

Furthermore, all information was obtained from 

the same laboratory and facility. However, our 

study has some limitations. There are possible 

variations in HBA1c levels which is independent 

from glycemia, and this could be associated with 

genetic predisposition and family history. These 

associated factors were not included in our study. 

The small sample size from single center with 

same ethnicity reduces generalizability. This 

might have resulted in possibility of Selection 

bias.  The cost-effectiveness of using HBA1c for 

GDM screening was also not assessed. 
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Conclusion 
Our work provides evidence that first trimester 

HbA1c can be used as a diagnostic marker for 

GDM based on the aforementioned observation.  

DIPSI criteria have its own limitations. Because it 

requires a single finger prick and does not require 

a fasting condition, HbA1c is also probably more 

aggregable to expectant mothers.  

HbA1c as the initial test will exclude pre-

gestational diabetes mellitus. Complete diagnostic 

testing for GDM with OGTT would be required in 

Women with HbA1c ≥5.5% to confirm GDM at 

present. Regular follow up with antenatal care, 

good glycemic control and ultrasound will aid in 

minimizing adverse perinatal outcomes. If HbA1c 

was ≤ 5.54%, may not need OGTT because of 98% 

negative for GDM.  Evaluation and further 

surveillance needed if it ranges between (5.54-

6.5). However, a larger cohort of pregnant women 

in different geographical locations must be used 

to confirm the findings of current study. A multi-

centric study with stratified random sampling can 

be implemented in future research to recommend 

HbA1c as a diagnostic tool. 
 

Abbreviation 

GDM-gestational diabetes mellitus , OGTT-oral 

glucose tolerance test , HBA1C-glycated 

haemoglobin  , FBG-fasting blood glucose ,  ,WHO-

world health  organisation , ACOG- American 

college of obstetricians and  gynaecologist , PCOS-

polycystic ovarian syndrome, ADA-American 

diabetic association, HOMA-IR-homeostatic model 

assessment of insulin resistance. 
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