
Introduction 
Gestational diabetes mellitus (GDM) is a condition 
diagnosed for the first time during pregnancy.1 It has 
been established that gestational hyperglycaemia is 
associated with multiple adverse outcomes for both 
obstetric and neonatal consequences. The non-desirable 
outcomes for the child include intra-uterine death (IUD), 
macrosmia, hypoglycaemia and hypocalcaemia, while 
maternal complications of GDM include increased 
hypertensive episodes, operative deliveries and incidence 
of type-2 diabetes mellitus (T2DM) in future.2 Moreover, 
the offsprings of GDM mothers are prone to develop 
metabolic diseases in the later phase of life, like Diabetes 
Mellitus (DM) and obesity.2 Timeliness and accuracy in 
diagnosis, therefore, remain pivotal and major drivers in 
the effective intervention and management of GDM. 

The current concept of GDM diagnosis relies solely upon 
establishing hyperglycaemia in the mother. Over the 
preceding decade, scientific evidence has introduced 
varying modalities to screen and diagnose GDM. From O' 
Sullivan's 50gm glucose challenge test (GCT) to the National 
Diabetes Data Group (NDDG) criteria for diagnosing GDM in 
1979, the Carpenter and Coustan criteria, and the latest is 
the International Association of Diabetes in Pregnancy 

Study Group (IADPSG) methodology.3-6 Still, the diagnostic 
criteria for GDM suffers from lack of consensus in terms of 
several cut-offs with varying regional recommendations.7 
These tests primarily rely upon plasma glucose readings at 
fasting or at various intervals after glucose loading.4-6 Over 
the last 4 decades, this conventional evidence has mostly 
prevailed and has demonstrated reasonable association 
and correlation with foeto-maternal risks in pregnancy.2,8,9 
Provided the diagnostic performances acceptable in many 
ways, these glucose loading tests have inherent limitations 
like prolonged waiting time, multiple sampling and issues 
pertaining to glucose load tolerance in pregnant women.10 
Secondly, the recommendations simply suggest uniform 
glucose (50, 75 or 100 grams) loading to all pregnant 
subjects regardless of body-weight, age and patient's other 
confounding factors, like familial predisposition towards 
DM which can result in false positive (FP) or false negative 
(FN) results not helping the targeted outcome.11 
Furthermore, biotechnology and internal level external 
quality assurance programmes, like the National 
Glycohaemoglobin Standardisation Programme (NGSP) 
have improved the diagnostic performance of biomarkers 
like glycated haemoglobin (HbA1c) which can help predict 
possible diabetogenic tendencies in GDM.12 Moreover, 
amidst all current controversial data on HbA1c performance 
as a diagnostic tool in pregnancy, studies have highlighted 
the utility of HbA1c in the diagnosis of GDM.13,14 Regional 
data on the subject is limited, but does indicate the variation 
due to race, age and region. However, Khan R et al. though 
not a primary endpoint, have highlighted very high HbA1c 
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values among GDM patients in comparison to healthy 
pregnant women.15 Similarly, Shobha P et al.16 have also 
shown association between HbA1c results and 
unfavourable pregnancy outcomes. Bhavadharini B et al. 
have also shown raised HbA1c levels in females delivering 
babies with macrosmia.17 

The current study was planned to evaluate the role of 
HbA1c in the screening of GDM while keeping The 
International Association of Diabetes and Pregnancy 
Study Groups (IADPSG) criteria of 2-hour oral glucose 
tolerance test (OGTT) results as the primary endpoint. 

Subjects and Methods 
The cross-sectional study was conducted from January, 
2016, to January, 2018, at PNS Hafeez Hospital, Islamabad, 
Pakistan and was part of a larger cross-sectional analysis 
carried out by the Departments of Gynaecology and 
Obstetrics and Pathology at the same institution from July, 
2016, to January, 2018. After approval from the 
institutional board, pregnant subjects who visited the 
Department of Gynaecology and Obstetrics were screened 
during booking and later at regular intervals and subjects 
were requested to volunteer for the study during mid-
pregnancy. Subjects who volunteered and reported in 
exact medical fasting status to the Department of 
Pathology for evaluation were enrolled for further testing 
after written informed consent was obtained from each of 
them. Subjects who finally consented were evaluated for 
suitability by taking history. Patients having pregnancy 
duration <16 weeks or >32 weeks, known diabetes 
mellitus (DM) hypertension (HTN) or other chronic 
disorder or some acute ailments were excluded. Over the 
next 18 months, the subjects were finally tested for 2-
hour OGTT with 75 grams glucose load with sampling 
carried out in fasting, 1-hour and 2-hour after glucose 
load as per the IADPSG criteria.6 Fasting specimens were 
accompanied by HbA1c test. At this stage, some subjects 
were again excluded on account of multiple reasons, 
including vomiting during tests, showing inability to 
complete 2-hour follow-up after glucose load, sampling 
issue during testing and not presenting back for re-
testing. Plasma glucose samples were collected in 
fluoride bottles and HbA1c samples were collected in 
ethylenediamine tetraacetic acid (EDTA) containers. 
Glucose was measured on Selectra-ProM by glycerol-3-
phosphate oxidase- phenol + aminophenazone (GPO-
PAP) method and HbA1c was measured by 
chemiluminescent micro particle immunoassay (CMIA) 
on ARCHITECT iSystem (Abbot Diagnostics).  Blood 
complete picture (CP) was also done from EDTA samples 
to exclude subjects with anaemia.  

Subjects were classified into 2 groups as either having 
GDM group A or not having GDM group B as per the 
recommended cut-offs of the IADPSG criteria.6 

The entire dataset was entered into Microsoft Excel 
programme and later transferred into SPSS 15. Descriptive 
statistics in terms of frequency and percentages as well as 
mean + standard deviation (SD) were calculated for age, 
parity status, number of children, previous operative delivery 
(Caesarean section) and abortions. Differences between 
subjects with GDM and without GDM were evaluated 
through independent sample t-test.  Pearson correlation was 
utilised to see correlation between various demographic, 
anthropometric and biochemical parameters. Receiver 
operating characteristic (ROC) curve analysis was performed 
for HbA1c with results of IADPSG criteria using 2-hour OGTT 
with 75 grams glucose load as the gold standard. Mean 
HbA1c values for subjects with and without GDM from the 
independent sample t-tests i.e., 5.36% and 6.06% were kept 
as cut-offs for HbA1c to evaluate diagnostic performance 
against the 2-hour OGTT diagnosis. ROC curve analysis was 
utilised to see the area under the curve (AUC) for HbA1c 
against IADPSG-defined 2-hour OGTT.6 The effect of BMI, 
being significantly different between subjects with and 
without GDM, was evaluated through general linear model 
(GLM) analysis with GDM diagnosis as independent factor for 
HbA1c results. Finally, regression analysis was carried out to 
see the contribution of BMI and age along with GDM 
diagnosis for HbA1c build-up. 

Results 
Of the 300 subjects evaluated, 280(93%) completed the 
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Figure-1: Differences in glycated haemoglobin (HbA1c) results between subjects 
diagnosed to have gestational diabetes mellitus (GDM) [Mean= 6.06, SD=1.495, (n=50)] 
and not diagnosed to have GDM [Mean= 5.36, SD=0.625, (n=230)], p<0.002.
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study. Mean pregnancy age at the time of presentation 
was 28.26±4.83 years and mean week of pregnancy was 
21.43±6.37. Parity ranged from 1 to 9, with 63(22.5%) 
showing parity 2, 59(21.07%) parity 1, 59(21.07%) parity 3, 
45(16.07%) parity 4, 25(8.93%) parity 5, 14(5%) parity 6, 
and 15(5.36%) having parity status >6. Mean parity was 

3.08±1.77. Also, 81(28.93%) females had no children, 
91(32.5%) had 1 child, 54(19.29%) had 2 children, 
36(12.86%) had 3 children, 14(5%) had 4 children and 
4(1.43%) had >4 children. The relevant mean value was 
1.36±1.25. Of the total, 251(89.64%) subjects had no 
history of abortion/miscarriage, 18(6.43%) had 1 abortion, 
2(0.71%) had 2 abortions, 1(0.36%) had 3 abortions, 
4(1.43%) had 4 abortions and 1(0.36%) subject had 5 
abortions. Data was not available for 3(1.07%) subjects. 
Mean abortion was 0.16+0.65. There were 59(21.07%) 
nulliparous women. Out of the remaining 221(78.93%) 
females, 47(21.27%) had one operative delivery, 
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Table-1: Correlation between glycated haemoglobin (HbA1c) and demographic, 
anthropometric and biochemical parameters. 
 
Parameter                                                                                                             HbA1c (%) 
 
Age (Years)                                                                      Pearson Correlation                  0.144* 
                                                                                                  Sig. (2-tailed)                         0.016 
                                                                                                              N                                       279 
Body mass Index (BMI)                                                Pearson Correlation                  0.130* 
                                                                                                  Sig. (2-tailed)                         0.031 
                                                                                                              N                                       275 
Systolic blood pressure (mm of Hg)                        Pearson Correlation                  -0.056 
                                                                                                  Sig. (2-tailed)                         0.357 
                                                                                                              N                                       272 
Diastolic blood pressure (mm of Hg)                       Pearson Correlation                  -0.066 
                                                                                                  Sig. (2-tailed)                         0.278 
                                                                                                              N                                       272 
Fasting plasma glucose (mg/dl)                               Pearson Correlation                  .490** 
                                                                                                  Sig. (2-tailed)                       <0.001 
                                                                                                              N                                       280 
Plasma glucose result 1-hour after 
75-gram glucose load (mg/dl)                                  Pearson Correlation                  .455** 
                                                                                                  Sig. (2-tailed)                       <0.001 
                                                                                                              N                                       280 
Plasma glucose result 2-hour after 
75-gram glucose load (mg/dl)                                  Pearson Correlation                  .464** 
                                                                                                  Sig. (2-tailed)                       <0.001 
                                                                                                              N                                       280 
Serum Alanine transaminase (ALT) (IU/L)             Pearson Correlation                   0.025 
                                                                                                  Sig. (2-tailed)                         0.676 
                                                                                                              N                                       276 
Haemoglobin (g/L)                                                        Pearson Correlation                   0.009 
                                                                                                  Sig. (2-tailed)                         0.889 
                                                                                                              N                                       262 

 

**. Correlation is significant at the 0.01 level (2-tailed). 
*. Correlation is significant at the 0.05 level (2-tailed).

Table-2: Diagnostic performance of glycated haemoglobin (HbA1c) at 5.36% 
against the gold standard results of 2-hour oral glucose tolerance test (OGTT) after 75-
grams glucose load test. (n=280). 
 
Diagnostic performance HbA1c at 5.36% 
                                                                             GDM                GDM 
                                                                     Diagnosed    not Diagnosed 
 
Diagnosis of GDM                Positive                35                             103                  PPV (25.36%) 
based upon the results     Negative               15                             127                  NPV (89.44%) 
of 2-hour OGTT                                             Sensitivity               Specificity                Efficiency 
                                                                              (70%)                   (55.22%)                 (57.86%) 

 

GDM: Gestational diabetes mellitus,  PPV: Positive Predictive Value, NPV: Negative Predictive 
Value

Table-3: Diagnostic performance of glycated haemoglobin (HbA1c) at 6.06% against 
the gold standard results of 2-hour oral glucose tolerance test (OGTT) after 75-grams 
glucose load test. (n=280). 
 
Diagnostic performance HbA1c at 6.06% 
                                                                              GDM                        GDM 
                                                                        Diagnosed       not Diagnosed 
 
Diagnosis of GDM                Positive                19                              35                   PPV (38.78%) 
based upon the results     Negative               31                             195                  NPV (86.28%) 
of 2-hour OGTT                                             Sensitivity               Specificity                Efficiency 
                                                                              (38%)                   (84.78%)                 (72.86%) 

 

GDM: Gestational diabetes mellitus.

Figure-2: Area Under curve (AUC) for glycated haemoglobin (HbA1c) results 
considering the results of International Association of Diabetes in Pregnancy Study 
Group (IADPSG) criteria using 2-hour oral glucose tolerance test (OGTT) with 75 grams 
glucose load (n=280)], p<0.001.



29(13.12%) had 2 operative deliveries, 
and 18(8.14%) had >3 operative 
deliveries. GDM was found in 
50(17.85%) subjects who comprised 
group A. Mean HbA1c level was higher 
in this group compared to group B 
(Figure-1). There was a moderate 
positive linear correlation for plasma 
glucose measures and weak positive 
linear correlation for age and BMI with 
HbA1c (Table-1).  

ROC curve analysis showed AUC as 
0.668 (95% confidence interval [CI]: 
0.578-0.759; p<0.001; Figure-2). The 
diagnostic performance of HbA1c with 
the selected cut-off values of 5.36% and 
6.06% was evaluated in the two groups 
(Tables-2, 3). GLM showed increasing 
glycation in group A subjects with 
worsening effect of increasing BMI. The 
effect of BMI seemed to be independent 
of GDM diagnosis in pregnant subjects 
(Figure-3). Similarly, the process of 
ageing also seemed to add to HbA1c in 
pregnant subjects (p=0.019). In 
regression analysis, one unit increase in 
independent variables, like GDM 
diagnosis, BMI and age, there was 
0.307%, 0.184% and 0.014% increase in 
HbA1c% respectively (Figure-4). 

Discussion 
The current study is a pioneer regional 
study in terms of directly evaluating 
HbA1c as a diagnostic tool for 
diagnosing GDM in mid-pregnancy. 
The study was able to demonstrate 
significantly higher HbA1c values 
among GDM subjects as per IADPSG 
criteria.6 This finding is in accordance 
with data by Khan R et al. and augments 
the data by Shobha P et al. and 
Bhavadharini B et al. where they were 
able to associate adverse pregnancy 
and foetal outcomes with higher 
glycation values.15-17 Literature review 
is replete with multiple studies having 
results in contrast to our findings.18-22 
Though multiple possibilities could be 
considered for these variations, like the 
subject selection criteria, race, regional 
effects and methodology of 
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Figure-3: General linear model (GLM) where the effect of body mass index (BMI) as a covariate being depicted along 
with gestational diabetes mellitus (GDM) diagnosis being kept as an independent factor. (Model significance: 
p<0.001).

Figure-4: Regression analysis to analyse the contribution of from independent variables including hyperglycaemia 
as detected by International Association of Diabetes in Pregnancy Study Group (IADPSG) criteria based diagnosis, body 
mass index (BMI) and age on glycated haemoglobin (HbA1c) (Dependent variable).



HbA1c,23,17,24 we feel that our NGSP-certified HbA1c 
technique highlighted differences are important. 
Regional and racial differences suggest an emerging 
pandemic of metabolic disorders, including DM in sub-
continental population where haemoglobin glycation 
indices are more varied than from the rest of the world.23 
Another possibility could be the fact that diabetic 
phenotype among our population may be more 
susceptible to GDM and related pregnancy-related 
complications, as depicted by studies.25,26 Furthermore, 
there is also evidence to support our findings from other 
parts of the globe.27,28 

The focal question arises as to whether these significant 
differences in HbA1c results can be translated for HbA1c 
to be counted as a clinical marker to diagnose GDM in our 
population to avoid time-consuming, labour-intensive, 
fasting-based 2-hour OGTT which many patients were not 
even able to complete due to multiple reasons. We 
believe that the two highlighted cut-offs of 5.36% and 
6.06% for HbA1c can actually help in the diagnosis of 
GDM. Currently, glycaemia among non-pregnant subjects 
have been classified as normoglycaemia, impaired fasting 
glucose (IFG) and diabetes. A similar pattern can be 
utilised for GDM, where the lower cut-off of 5.36, having a 
sensitivity of 70%, can be utilised to rule out GDM and the 
higher cut-off of 6.06 having a specificity of 84.78% can 
help in confirming the GDM diagnosis. Similar approaches 
have been recommended in recent literature.29,30 

Most metabolic diseases are multi-factorial in terms of 
causation factors and not limited to one aetiology in 
pathogenesis and so, evaluating just one factor cannot 
provide a wholesome view about the disease. The current 
study highlighted glycaemic status, BMI and, to some 
extent, age as contributing factors towards the build-up 
of HbA1c. This finding is in concordance with the results 
of Capula C et al. and Hoorsan H et al.31,32 We, therefore 
also feel that any lab workup to diagnose GDM must also 
include BMI and age and, therefore, index of suspicion for 
diagnosing GDM may be lower in subjects with a higher 
BMI or age >35 years.  

The current study has certain limitations. The most 
important limitation is its less-powered status and cross-
sectional design which has thrown up more questions 
rather than resolving the diagnostic dilemma 
surrounding GDM. We recommend that a controlled, 
multi-central trial must follow the current study to 
validate our findings. 

Conclusion 
HbA1c provided a sensitivity of 70% at the lower cut-off 
5.36% and specificity of 84.78% at 6.06% where the 

former cut-off can help rule out a diagnosis of GDM 
<5.36% and thus avoid 2-hour OGTT test. The later cut-off 
of 6.06% can rule in GDM.  

Disclaimer: None. 

Conflict of Interest: None. 

Source of Funding: None. 

References 
1. Metzger BE, Coustan DR. Summary and recommendations of the 

Fourth International Workshop-Conference on Gestational 
Diabetes Mellitus. The Organizing Committee. Diabetes Care. 
1998; 21:B161-7. 

2. American Diabetes Association. Gestational Diabetes Mellitus. 
Diabetes Care 2003; 26: s103-5.  

3. O'Sullivan JB, Mahan CM, Charles D, Dandrow RV. Screening 
criteria for high-risk gestational diabetic patients. Am J Obstet 
Gynecol. 1973; 116:895-900. 

4. [No authors listed]. Classification and diagnosis of diabetes 
mellitus and other categories of glucose intolerance. National 
Diabetes Data Group. Diabetes.1979; 28:1039-57. 

5. Carpenter MW, Coustan DR. Criteria for screening tests for 
gestational diabetes. Am J Obstet Gynecol. 1982; 144:768-73.  

6. International Association of Diabetes and Pregnancy Study 
Groups Consensus Panel, Metzger BE, Gabbe SG, Persson B, 
Buchanan TA, Catalano PA, Damm P, et al. International 
association of diabetes and pregnancy study groups 
recommendations on the diagnosis and classification of 
hyperglycemia in pregnancy. Diabetes Care. 2010; 33:676-82. 

7. Carreiro MP, Nogueira AI, Ribeiro-Oliveira A. Controversies and 
Advances in Gestational Diabetes-An Update in the Era of 
Continuous Glucose Monitoring. J Clin Med. 2018; 7. pii: E11. 

8. Sudharshana Murthy KA, Bhandiwada A, Chandan SL, Gowda SL, 
Sindhusree G. Evaluation of Oxidative Stress and Proinflammatory 
Cytokines in Gestational Diabetes Mellitus and Their Correlation 
with Pregnancy Outcome. Indian J Endocrinol Metab. 2018; 22:79-
84. 

9. Niromanesh S, Shirazi M, Eftekhariyazdi M, Mortazavi F. 
Comparison of umbilical artery Doppler and non-stress test in 
assessment of fetal well-being in gestational diabetes mellitus: A 
prospective cohort study. Electron  Physician. 2017; 9:6087-93.  

10. Paez KA, Eggleston EM, Griffey SJ, Farrar B, Smith J, Thompson J, et 
al. Understanding why some women with a history of gestational 
diabetes do not get tested for diabetes.  Womens Health Issues. 
2014; 24:e373-9. 

11. Catalano PM, McIntyre HD, Cruickshank JK, McCance DR, Dyer AR, 
Metzger BE, et al; HAPO Study Cooperative Research Group. The 
hyperglycemia and adverse pregnancy outcome study: 
associations of GDM and obesity with pregnancy outcomes. 
Diabetes Care. 2012; 35:780-6. 

12. Lenters-Westra E, English E. Evaluating new HbA1c methods for 
adoption by the IFCC and NGSP reference networks using 
international quality targets. Clin Chem Lab Med. 2017; 55:1426-
34.  

13. Renz PB, Cavagnolli G, Weinert LS, Silveiro SP, Camargo JL. HbA1c 
Test as a Tool in the Diagnosis of Gestational Diabetes Mellitus. 
PLoS One. 2015; 10:e0135989. 

14. Ye M, Liu Y, Cao X, Yao F, Liu B, Li Y, et al. The utility of HbA1c for 
screening gestational diabetes mellitus and its relationship with 
adverse pregnancy outcomes. Diabetes Res Clin Pract. 2016; 
114:43-9. 

15. Khan R, Khan Z, Javed K, Ali K. Effect of gestational diabetes on 

J Pak Med Assoc

S. H. Khan, R. Manzoor, A. H. Baig, et al 1735



blood sugar, liver and renal function tests. J Ayub Med Coll 
Abbottabad. 2012; 24:95-8. 

16. Shobha P, Mathen S, Abraham J. Glycosylated haemoglobin 
values in no diabetic pregnant women in the third trimester and 
adverse fatal outcomes: An observational study. J Family Med 
Prim Care. 2016; 5:646-51. 

17. Bhavadharini B, Mahalakshmi MM, Deepa M, Harish R, Malanda B, 
Kayal A, et al. Elevated glycated haemoglobin predicts 
macrosomia among Asian Indian pregnant women (WINGS-9). 
Indian J Endocrinol Metab. 2017; 21:184-9. 

18. Lowe LP, Metzger BE, Dyer AR, Lowe J, McCance DR, Lappin TR, et 
al; HAPO Study Cooperative Research Group. Hyperglycaemia and 
Adverse Pregnancy Outcome (HAPO) Study: associations of 
maternal A1C and glucose with pregnancy outcomes. Diabetes 
Care. 2012; 35:574-80. 

19. Duke A, Yap C, Bradbury R, Hng TM, Kim C, Wansbrough A, et al. 
The discordance between HbA1c and glucose tolerance testing 
for the postpartum exclusion of diabetes following gestational 
diabetes. Diabetes Res Clin Pract. 2015; 108:72-7. 

20. Su X, Zhang Z, Qu X, Tian Y, Zhang G. Hemoglobin A1c for 
diagnosis of postpartum abnormal glucose tolerance among 
women with gestational diabetes mellitus: diagnostic meta-
analysis. PLoS One. 2014; 9:e102144. 

21. Hanna FW, Duff CJ, Shelley-Hitchen A, Hodgson E, Fryer AA. 
Diagnosing gestational diabetes mellitus: implications of recent 
changes in diagnostic criteria and role of glycated haemoglobin 
(HbA1c). Clin Med (Lond). 2017; 17:108-13. 

22. Hughes RC, Rowan J, Florkowski CM. Is There a Role for HbA1c in 
Pregnancy? Curr Diab Rep. 2016; 16(1):5.  

23. Grimsby JL, Porneala BC, Vassy JL, Yang Q, Florez JC, Dupuis J, et 
al; MAGIC Investigators. Race-ethnic differences in the association 
of genetic loci with HbA1c levels and mortality in U.S. adults: the 
third National Health and Nutrition Examination Survey (NHANES 
III). BMC Med Genet. 2012; 13:30. 

24. Sultana TA, Sheme ZA, Sultana GS, Sultana B, Mishu FA, Khan NZ, 
et al. Challenges in HbA1c Analysis and Reporting in Patients with 
Variant Hemoglobins. Mymensingh Med J. 2016; 25:248-54. 

25. Anand SS, Gupta M, Teo KK, Schulze KM, Desai D, Abdalla N, et al; 
South Asian Birth Cohort (START) - Canada Investigators. Causes 
and consequences of gestational diabetes in South Asians living 
in Canada: results from a prospective cohort study. CMAJ Open. 
2017; 5:E604-11.  

26. Chawla A, Amundsen AL, Hanssen KF, Iversen PO. Gestational 
diabetes in women from South Asia. Tidsskr Nor Laegeforen. 
2006; 126:1041-3. 

27. Odsæter IH, Åsberg A, Vanky E, Mørkved S, Stafne SN, Salvesen KÅ, 
et al. Hemoglobin A1c as screening for gestational diabetes 
mellitus in Nordic Caucasian women. Diabetol Metab Syndr. 2016; 
8:43. 

28. Amylidi S, Mosimann B, Stettler C, Fiedler GM, Surbek D, Raio L. 
First-trimester glycosylated hemoglobin in women at high risk for 
gestational diabetes. Acta Obstet Gynecol Scand. 2016; 95:93-7.  

29. Benaiges D, Flores-Le Roux JA, Marcelo I, Mañé L, Rodríguez M, 
Navarro X, et al. Is first-trimester HbA1c useful in the diagnosis of 
gestational diabetes? Diabetes Res Clin Pract. 2017; 133:85-91. 

30. Ho YR, Wang P, Lu MC, Tseng ST, Yang CP, Yan YH. Associations of 
mid-pregnancy HbA1c with gestational diabetes and risk of 
adverse pregnancy outcomes in high-risk Taiwanese women. 
PLoS One. 2017; 12:e0177563.  

31. Capula C, Mazza T, Vero R, Costante G. HbA1c levels in patients 
with gestational diabetes mellitus: Relationship with pre-
pregnancy BMI and pregnancy outcome. J Endocrinol Invest. 
2013; 36:1038-45. 

32.  Hoorsan H, Alavi Majd H, Chaichian S, Mehdizadehkashi A, 
Hoorsan R, Akhlaqghdoust M, et al. Maternal Anthropometric 
Characteristics and Adverse Pregnancy Outcomes in Iranian 
Women: A Confirmation Analysis. Arch Iran Med. 2018; 21:61-6.

Vol. 70, No. 10, October 2020

Role of HbA1c in diagnosis of gestational diabetes mellitus1736


