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Abstract

Obijectives: This study aimed to define trimester-specific hemoglobin Alc (Alc) reference
intervals among healthy South Asian pregnant women. Methods: In this restrospective
study,1357 pregnant women without diabetes, gestational diabetes, gestational hypertension,
anemia, 3-thalassemia, or systemic diseases were included. They had term delivery of babies
having weight appropriate for gestational age. Alc (using high performance liquid
chromatography, meeting the National Glycohemoglobin Standardization Program and
International Federation of Clinical Chemistry standards), hemoglobin, and RBC indices
were estimated at the first antenatal visit. The Alc levels were calculated in terms of non-
parametric 2.5 and 97.5 percentiles for women in first (T1), second (T2), and third (T3)

trimester groups. The control group included 67 healthy non-pregnant women. Statistical

tests were used to obtain the normal the normal reference values for the HbA1lc . and the tests
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were considered significant when p value <0.05. Results: The median HbAlc (2.5 to 97.5
percentiles) was lower among the pregnant women; 4.8 (4-5.5) % or 32 (20-39) mmol/mol
than in the non pregnant women; 5.1 (4-5.7) % or 29 (20-37) mmol/mol ( p <0.001). These
were 4.9 (4.1-5.5) % or 30 (21-37) mmol/mol, 4.8 (4-5.3) % or 29 (20-34) mmol/mol, and 4.8
(3.9-5.6) % or 29 (19-38) mmol/mol for the T1, T2 and T3 groups, respectively; p-values:T1
vs T2=<0.001, T1vs T3=0.002, T2 vs T3=0.111, T1 vs non pregnant group = <0.001.
Conclusions: Compared to normal non pregnant women, the Alc was lower in normal
pregnant women in South Asian population. These Alc changes were observed despite
having significantly higher body max index among women in the T2 and T3 groups than in
the T1 and non pregnant groups. To understand the factors determining the Alc decrease in
pregnancy and to validate the findings of this study, we recommend further prospective
studies among South Asian women

Keywords: Asian, Gestational diabetes, HbAlc , Pregnancy trimesters, Reference values.

Advances in Knowledge

e Earlier studies stressed the need to identify ethnic- and trimester-specific HbAlc
reference intervals in normal pregnant women.

e Compared to the non-pregnant state, there is significant decrease in HbAlc levels in
pregnancy among South Asian pregnant women; and this decrease is obvious in early
pregnancy.

e Among healthy South Asian women, the suggested upper reference limits of HbAlc in

first, second and third trimesters are 37,34, and 38mmol/mol, respectively

Application to patient care

e The proposed upper trimester-specific HbAlc reference values may be used as threshold
values to identify women prone for gestational diabetes (GDM) and other adverse
pregnancy outcomes.

e Early identification of these high risk women will open up a window of opportunity to
introduce preventive strategies.

e These HbAlc reference values can guide in designing further prospective studies among
South Asian pregnant women, and can develop alternate tests to OGTT for GDM

diagnosis and to establish glycemic targets in pregnancies complicated by diabetes.
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Introduction

Glycated hemoglobin (Alc) is widely used as a standard biomarker for glycemic control
during management of diabetes mellitus in the general population,! but, there is uncertainty
over the role of Alc for glycemic assessment during pregnancy. The accuracy of Alc
estimation in pregnancy is affected by several physiological changes in pregnancy like
increase in red cell production, younger red cell age distribution, and reduced red cell life
span.2 Moreover, the high prevalence of iron deficiency and the common practice of iron
supplementation in pregnant women (especially in developing countries) can influence the
Alc estimation in pregnancy.® Despite these limitations, several prestigious organizations
have recommended Alc estimation in pregnancy for various reasons. The World Health
Organization advocates Alc estimation at the first ante natal visit to identify women with
‘Diabetes in Pregnancy’(Alc > 6.5%, > 48 mmol/mol).*

Many authors recommend Alc as a screening and even as a diagnostic test for gestational
diabetes mellitus (GDM).?® In 2011, the California State Diabetes and Pregnancy Program
‘Sweet Success’ adopted a new algorithm for the diagnosis and treatment of hyperglycemia
in pregnancy.® Accordingly, all women with Alc values of 5.7-6.4% (39—46 mmol/mol) in
early pregnancy are advised to undergo GDM treatment without further confirmatory OGTT.
The American Diabetes Association suggests periodic Alc estimations in pregnancy as a
secondary measure of glycemic control after self-monitoring of glucose.” The National
Institute for Health and Care Excellence in the United Kingdom proposes Alc in pregnancy
as a useful guide for risk stratification and prediction of pregnancy outcomes.® This guideline
recommends HbA1c testing at booking and in the second and third trimesters to ensure that
the targets are achieved. In many population groups, the first trimester Alc is recognized as a
predictor of GDM later in pregnancy,®® as well as of adverse pregnancy outcomes.>*° Second
and third trimester Alc levels are predictive of several obstetric complications: macrosomia,
gestational hypertension, preeclampsia, abnormal liquor volume, prematurity, and neonatal
deaths.>!!

However, many of these recommendations have not gained universal acceptance, due to the
lack of strong research evidence in obstetric population. The Alc cut off points for diagnosis
of ‘Diabetes in pregnancy’ (> 6.5%, > 48 mmol/mol) and GDM in the ‘Sweet
Success’program (5.7to 6.4%, 39-48 mmol/mol) are guided by the Alc values for diagnosis
of diabetes and pre-diabetes in a non-obstetric population, respectively. However, Alc levels
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in pregnancy are lower than in non obstetric population, and it shows physiological variations
between trimesters.*? There are significant racial and ethnic differences in glycation of
hemoglobin for a level of glycemia.r® Clearly, there is a need to define ethnic- and trimester-
specific Alc reference levels in normal pregnant women, before it is recommended for GDM
screening and diagnosis, risk stratification and for measuring metabolic control.

There is an ongoing Type 2 diabetes epidemic in the Middle East and the South Asian region
including the obstetric population. India has 5.7 million women with hyperglycemia during
pregnancy and ranks first in the world in this respect.'* However, to our knowledge, Alc
levels among normal pregnant South Asian women are not yet defined. Here, we identified,
trimester-specific Alc levels in healthy non-diabetic South Asian pregnant women who

delivered babies with an age-appropriate weight.

Methods

This retrospective study involved pregnant women who attended antenatal clinic at
St.Stephen’s hospital, a tertiary care hospital in Delhi, North India between January 2011 and
December 2016. Our center follows a universal thalassemia screening strategy for pregnant
women at the first antenatal visit. The protocol includes estimation of HbA, HbA2, and HbF
through hemoglobin (Hb) electrophoresis,with concurrent estimates of Alc. All women with
Alc >6.5% (48 mmol/mol) were diagnosed to have overt diabetes and those women having
Alc <6.5 % (48 mmol/mol) were screened for GDM through a universal one-step 75 g
OGTT between 24 and 28 gestational weeks or earlier if having high GDM risk factors. The
GDM diagnosis was made by the International Association of Diabetes and Pregnancy Study
Group (IADPSG) recommendations.®® All pregnant women were on iron and folic acid
supplementation.

Selection of the study population is shown in a flow diagram (Fig.1). As part of universal
thalassemia screening, 9388 pregnant women had Hb electrophoresis (Alc estimation) at the
first antenatal visit; all of them were evaluated for inclusion in this study. We excluded 8031
women due to unclear date of last menstrual period, delivery outside our hospital, diagnosis
of diabetes and gestational diabetes, GDM risk factors, anaemia,'® systemic diseases and
delivery of babies with small- and large-for gestational age babies.!” The remaining 1357
women in the study population were sub-categorized into three groups based on the
gestational age of Alc estimation: (a) first trimester <14 weeks (T1), n=513 women; (b)
second trimester-14-26 weeks (T2), n=550 women; and (c) third trimester 27-41 weeks (T3),
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n=294 women. The body mass index (BMI) was calculated from the height and weight
recorded at first antenatal visit. The serum thyroid stimulating hormone (TSH ) was estimated
at first antenatal visit in all women and if elevated, was corrected with oral L-thyroxine
therapy (target serum TSH level below 2.5, 3 and 3 mIU/L in the first, second and third

trimesters respectively)

A control group of 67 non—pregnant healthy women were recruited from 750 women, who
attended the pre-pregnancy counseling clinic of our hospital during the study period. The age
and BMI of the control group was comparable to those of whole and T1 pregnancy groups
respectively. (Table 1&2) All had FPG < 5.5 mmol/l (< 100 mg/dl) or random plasma
glucose <7 mmol/l (126 mg/dl), Hb >11 g/dl, normal HbA2 and HbF levels, no prior history
of gestational diabetes or abortion, no family history of diabetes in first degree relatives, and
had no systemic disease. The Alc levels of the study and the control groups were compared.
The reference intervals of Alc levels in each trimester were estimated and were compared for
any differences. This research protocol was approved by St.Stephen’s hospital ethics
committee (No.SSHEC/R0136) with a waiver for patient consent form.

Our laboratory is certified by the National Accreditation Board for Testing and Calibration
Laboratories and uses Bio-Rad laboratories for proficiency testing. The complete blood count
was done on EDTA anticoagulated blood using Beckman coulter LH 750/780 analyzer using
VCS technology. We used the standard protocol for the OGTT: ingestion of 75 g anhydrous
D-glucose dissolved in 250 ml distilled water. The sample for plasma glucose estimation was
collected in EDTA and sodium fluoride (grey top) vacuette. The glucose estimation was done
by hexokinase method on a Beckman AU680/480 analyzer. Two levels of plasma glucose
controls (from Bio Rad) were run daily; Level 1 - 4.53 mmol/l (81.50 mg/dl) and Level 2-
15.57 mmol/l (280.2 mg/dl). The monthly coefficient of variation (CV) % calculated for the
Level -1 and Level -2 controls were 1.7 % and 1.4% respectively. The blood for Alc
estimation was a non fasting sample collected in EDTA vial. Estimation was done within two
hours of sampling by the lon exchange High Performance Liquid Chromatography method
with a Bio-Rad D10TM machine (Bio-Rad laboratories, Hercules CA). The estimation was
traceable to the reference methods of both the National Glycohemoglobin Standardization
Program (NGSP) and the International Federation of Clinical Chemistry and Laboratory
Medicine (IFCC). The inter-assay CV was 1.3% and 1.5% for low control (mean Alc 5.45%,
37 mmol/mol) and high control (mean 9.95%, 86 mmol/mol) respectively. Our laboratory
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participated in an External Quality Assurance Scheme (EQAS) for both glucose and Alc. The
Z Score for glucose was 0.60 and 0.65 for Alc.

All study groups had the minimum of 40 subjects mandated by IFCC for identification of
reference intervals.'® The data analysis was performed using SPSS version 16 (SPSS
Inc.,Chicago, USA) and R-software version 4.0.2. Continuous variables were presented with
mean and standard deviation. An unpaired student’s t- test was used to compare the mean
between pregnant and non-pregnant women. The homogeneity of variances was checked
using Leven’s test. One-way analysis of variance followed by post-hoc Tukey’s test were
applied to compare the mean among groups T1,T2&T3. Five normality statistical tests were
used to get the normal reference value of HbAlc namely: Anderson-Darling, Cramer-von
Mises, Kolmogorov-Smirnov, Shapiro-Francia, and Pearson chi-square. The mean + two
standard deviations were reported as reference values when the normality condition was
fulfilled or else a non-parametric method and median with percentiles (2.5 and 97.5™) were
reported as the normal range. The 95% confidence intervals of these percentiles were
determined with bootstrapping with 10000 replications using the boot package of r-software.
The Mann-Whitney U-test was applied to compare the distribution of Alc between pregnant
and non-pregnant women and between the trimesters and a p-value < 0.008 was considered
significant as per Bonferroni correction (0.05/number of comparisons). A p-value < 0.05 was
considered as significant for other statistical tests.

Results

Table 1 shows reference intervals for Alc for the control group, study population, and T1,
T2, and T3 trimester groups expressed as median and percentiles. All five statistical tests to
assess normality of Alc values showed violation of normality. The median Alc value of 4.8
% (29mmol/mol) for the whole study population and 4.9 % (30 mmol/mol)for the T1 group
were lower than the median value of 5.1% (32 mmol/mol) in the control group ( p <0.001 for
both). The Alc median values for the T1,T2 and T3 groups were 4.9 %,4.8% and 4.8 %
(30,29 and 29 mmol/mol) respectively, with significant differences between T1 and T2 (p
=0.001), T1 and T3 (p=0.001) and no difference between T2 and T3 ( p=0.111).

Fig. 2 presents the upper normal Alc level for the control,T1,T2 and T3 groups:5.7%(39
mmol/mol),5.5% (37mmol/mol),5.3% (34mmol/mol),and 5.6% (38 mmol/mol),
respectively.Table 2 shows the clinical and laboratory parameters of the whole, trimester-
specific pregnancy groups, and the control group. The women in all trimesters were age-
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matched, and the gestational age at delivery and the birth weight were comparable (p-values
> 0.05 for all parameters). The Hb and RBC count were lower, and the MCV, MCH, and
MCHC were higher in pregnant women than in the control group; there was no difference of
HCT and RDW between these groups. Compared to the T1 group, there was a decrease in Hb
and RBC count and an increase in MCV, MCH and MCHC in T2 group; the RDW and HCT
remained static between groups. There was a significant rise of hemoglobin and RDW in T3
versus T2; HCT, MCV, and MCHC were constant.

Discussion

The Alc is lower during pregnancy than when not pregnant in South Asian women.The Alc
reference values for the first, second, and third trimesters were 4.1- 5.5% (21- 37 mmol/mol),
4-5.3% (20-34 mmol/mol), and 3.9-5.6% (19-38 mmol/mol), respectively. Earlier studies
revealed some racial differences in Alc reference intervals: (a) Caucasian women in ltaly,
3.5-5.7% (15 - 39mmol/mol), 3.3-5.6 %(14-38 mmol/l), and 4.3-5.6 %(23-38 mmol/l) in 15-
24, 25-27, and 28-36 gestational weeks, respectively;!® (b) Mexican women, T1 4.5-5.6%
(26-38mmol/mol), T24.4-5.5% ( 26-37 mmol/mol), and T34.4-5.6% (25-38 mmol/mol);? (c)
Japanese women, T1 4.7-5.7% (28-39 mmol/mol), T2 4.4-5.4% (25-36mmol/mol), T3 4.6-
5.8% (27-40mmol/mol).?* Compared to these studies, the upper Alc reference values of our
South Asian cohort were marginally lower. The stringent selection criteria (exclusion of
women having, GDM diagnosed by the most liberal IADPSG criteria and those with several
GDM risk factors and large or small for gestational age babies) as well as the racial
differences in the glycation of hemoglobin might have contributed to this modest Alc

difference.

Compared to first trimester, a significant decrease in Alc level was noted in the second
trimester, but this remained constant in the third trimester [Table 1]. The differences in Alc
levels between trimesters varied markedly between studies. In most populations, there was a
decrease in Alc level from the first to second trimester?%-? and this decrease was often
followed by a significant Alc rise in the third trimester (biphasic response ).1°2%?The Alc
rise in the third trimester was not seen in some studies,?>?® but a decrease was reported in one
study.? In a Japanese study, Hashimoto et al reported that the Alc rise in late pregnancy is
mainly due to iron deficiencies in the third trimester.?” Significant racial differences in
trimester-related Alc variations were reported in a multiethnic population in the United
Kingdom by Hartland et al; both Caucasians and Asians had a lower Alc in the second
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trimester than in the first trimester, but theAlc rise in the third trimester was observed only in
Causasian women (not in Asians, as in our study).?

The metabolic changes leading to the significant decline in Alc levels in mid-pregnancy was
apparent in a longitudinal study by Mills et al.?® This study demonstrated a significant drop in
plasma glucose values between 6 and 10 weeks of gestation which was followed by a
decrease in Alc levels in second trimester. The authors speculated that the maternal
metabolic and hormonal factors alter the plasma glucose concentration early in pregnancy,
independently of foetal glucose utilisation. Another proposed mechanism for lowering
plasma glucose in late first trimester is the decrease in progesterone secretion during the
luteoplacental shift.?® The HbA1lc reduction in the second trimester is further exacerbated by
the physiological changes in pregnancy like high erythrocyte turnover and hemodilution.
Subsequent compensatory mechanisms like maternal plasma reduction and increased atrial
natriuretic peptide, can again raise Hb in the third trimester. 2° The high prevalence of iron
deficiency anemia and the common practice of universal iron supplementation in pregnancy
especially in developing countries, can modify Alc levels.® We excluded women with anemia
and thalassemia and the changes in Hb, MCV, MCH, MCHC,and RBC over trimesters is
attributable to the physiological changes in pregnancy and to iron supplementation.® (Table
2)

The proposed upper reference HbAlc levels in early pregnancy in this study, can be clinically
relevant in the early identification of women prone for GDM and adverse pregnancy
outcomes. This approach can open up a window of opportunity for early initiation of GDM
preventive strategies. Strikingly, the suggested upper reference values (5.5 % and 5.3 % in
first and second trimesters respectively) are lower than the generally recommended threshold
Alc value of 5.7 % (39 mmol/mol) for diagnosis of ‘pre-diabetes in pregnancy’.? In an earlier
study, we observed that the first trimester Alc >5.5% (37 mmol/mol) was a strong predictor
(adjusted odds ratio 2.6, p < 0.001) of GDM later in pregnancy.'? Similarly, Rajput et al
studied the utility of Alc estimation between 24 and 28 weeks of gestation for GDM
diagnosis in 607 Asian Indian pregnant women.” In that study, the Alc of 5.25%
(34mmol/mol) was a reliable cut off value for identification of GDM women when IADPSG
criteria was applied for GDM diagnosis. The Alc threshold values identified for GDM
diagnosis in first and second trimesters in these studies agree well with the corresponding
upper reference values of our study. Further, Maine et al also assessed the relationship of Alc

level in the first trimester with adverse pregnancy outcomes among a cohort of multiethnic
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pregnant women residing in Spain.*’

The risk for eclampsia, LGA and macrosomia increased at Alc threshold values of 5.3 %, 5.4
% and 5.7 % (34,36 and 39 mmol/mol) respectively for the South Asian pregnant women in
this cohort. These cut off values are near (though not exact) to the first trimester Alc upper
reference value of 5.5% (37mmol/mol) in our study. The studies above suggest that the risks
for GDM and other adverse pregnancy events start in Alc levels lower than the ‘prediabetic’
level of 5.7 % (39 mmols/mol).We recommend further prospective studies to validate the
proposed trimester specific Alc reference levels for prediction and identification of various

adverse events among South Asian pregnant women.

Our study has several limitations. The Alc reference values of this study are derived from a
cross-sectional analysis of different women who attended our antenatal clinic over three
trimesters. A longitudinal study on the sequential changes of HbA1c levels of a cohort of
same women over different trimesters would have been ideal. The impact of this limitation is
alleviated significantly in this study: Age, gravidity, family history of DM, history of GDM
and abortion, gestational age at delivery, birthweight, Hb, HbA2 and HbF of women in
different trimesters and the BMI between control and T1 groups were comparable (Table 3).
The BMI rise in T2 and T3 groups are due to physiological gestational weight gain.The lack
of data on iron, folate and B12 status of women in different trimesters is a limitation, but the
RBC indices of these women do not suggest any major deficiencies of these factors. The
strengths of this study include the large study population, with identification and exclusion of
GDM by universal OGTT based screening as per IADPSG guidelines. All women with GDM
risk factors,anaemia and thalassemia (the common hemoglobinopathy of the region) were
excluded in this study. Being a single center hospital based study, the blood samples were

sampled and processed under optimal conditions in one laboratory.

Conclusion

The trimester specific hemoglobin Alc levels are not yet defined for healthy South Asian
pregnant women. This study evaluated the upper reference limits for first, second and third
trimesters as 37, 34, and 38 mmol/mol, respectively. These trimester-specific Alc values can
be of clinical relevance for prediction and diagnosis of GDM and for risk stratification of

other adverse events among South Asian pregnant women. Further prospective studies to
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validate the proposed Alc reference intervals are recommended.
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Table 1: The median and percentiles of HbAlc in non pregnant women, whole study

population, and in first (T1), second (T2) and third (T3) trimester groups.

Study N HbAlc %
Group Median Percentile (0.95 Range P value | Type of
(0.95CI) Cl)2 (min- distributi
max) on
2,51 (0.95 | 97.5t
Cl) (0.95C1)
Non 67 |5.1(4.9-5.2) | 4.0(3.9- 57 (5.5- 3.9-6.0 |<0.001" | Non-
pregnant 4.6) 6.0) G?ussian(
5)
Pregnant 135 | 4.8 (4.8-4.8) | 4.0 (3.9- 5.5(5.4-5.5) | 3.2-5.9 | <0.001° | Non-
(whole 7 4.1) Gaussian(
group) 5)
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T1 513 | 4.9 (4.8-4.9) | 4.1(4.0- 5.5(5.4-5.5) [ 3.7-5.8 | <0.001° [ Non-
0-13weeks 4.2) Gaussian(
5)
T2 550 | 4.8 (4.7-4.8) | 4.0 (3.9- 5.3 (5.2- 3.2-55 |<0.001¢ | Non-
14-26 4.1) 5.4) Gaussian(
weeks 5)
T3 294 | 4.8 (4.7-4.8) | 3.9(3.8- 5.6(5.4-5.7) | 3.6-5.9 | 0.002¢ | Non-
27-41 4.1) 0.111° Gaussian(
weeks 5)
426  n=number of women, 2 Cl: Confidence Intervals , ° P value for comparison of non-pregnant
427  with pregnant groups, ¢ P value for comparison with non pregnant group , ¢ P.value for
428  comparison with T1 group , ¢ P value for comparison of T2 and T3 groups, fValuesin
429  parentheses indicate number of tests for goodness of fit with p<0.05
430
431  Table 2: Comparison of clinical and Laboratory parameters in mean + standard
432  deviation. (A) Whole study population versus control group (B) Between First (T1),
433  Second (T2) and Third (T3) trimesters.
Parameter | A B
Whole study population Women in different Trimesters
women | Non P 0-13 14-26 27-41 P P P
all pregnant | value | weeks weeks weeks valu | value | value
trimest | control n=513 n=550 | n=294 |e T1lvs | T2vs
ers group (T1) (T2) (T3) T1 T3 T3
n=1357 | n= 67 VS
T2
Age (years) |26.67+ |26.66+2. | 0.956 | 26.83 + 26.69 + | 26.34+3. | 0.790 | 0.135 | 0.351
3.51 89 4 3.50 3.50 57
GA at -- -- D, 9.53+ 18.81+3. | 31.23+ |- - -
HbAlc 2.47 62 3.02
estimation
(weeks)
Hemoglobin- | 120.3+ | 122.8+ 0.027 | 121.7 + 119+ 6.8 | 120.5+ | <0.0 | 0.081 | 0.016
g/L 7.4 8.7 7.5 8.0 01
MCV- fl 88.36+ | 84.09+7. | <0.00 | 87.73+5.8 | 88.70+5. | 88.85 0.016 | 0.025 | 0.937
5.61 86 1 4 52 +5.22
MCH - pg 29.38+ |28.18+2. |<0.00 | 29.06+ |29.61+ |[29.53+2. | 0.001 | 0.030 |0.895
2.41 87 1 2.38 2.23 76
HCT- % 036+ |0.37+ 0.063 | 0.36 + 0.36 + 0.36+ 0.366 | 0.974 | 0.375
0.03 0.03 0.03 0.03 0.03
MCHC- g/L | 3325+ |328.5+ 0.003 | 330.9+ 333.6+1 |333.1+ |<0.0 |0.015 |0.762
10.2 8.9 9.7 0.1 11 01
RDW- % 14.75+ | 14.76x1. | 0.977 | 14.55+1.6 | 14.74+2. | 15.18+2. | 0.337 | <0.00 | 0.021
2.16 48 8 19 75 1
RBC-10" | 4.1040. | 4.43+0.5 | <000 |4.14+0.41 | 4.07+0.3 | 4.10+£0. | 0.009 | 0.298 | 0.605
L 40 6 1 9 39




GA at -- -- - 38.53 38.56 + | 38.53+1. | 0.921 | 0.999 | 0.925
Delivery 1.02 1.02 00
(weeks)
Birth -- -- -- 2.89+0.29 | 2.87 2.85+0.2 | 0.562 | 0.199 | 0.660
Weight- kg +0.36 8

434  For (A) Unpaired students t-test was applied to compare the mean value between the groups

435 and for (B) One-way analysis of variance followed by post-hoc Turkey’s test. GA =

436  Gestational age, MCH = Mean corpuscular hemoglobin, MCV = Mean corpuscular volume,

437  MCHC = Mean corpuscular hemoglobin concentration, RDW = RBC diameter width. n=

438  number of women.
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Figure 1: Flow diagram on selection of study population. OGTT= Oral Glucose Tolerance
Test, GDM= Gestational Diabetes mellitus; having fasting plasma glucose (PG) between
5.1-6.9 mmols/L, 1-hour PG > 10 mmol/L , 2-hour PG between 8.5 —11.1 mmol/L in
OGTT , IADPSG = International Association of Diabetes and Pregnancy Study Group,
Pre-gestational diabetes = Diabetes diagnosed before pregnancy , Diabetes in pregnancy =
Overt diabetes first diagnosed in pregnancy; HbA1c > 48 mmol/mol or FPG > 7 mmol/L or
2-h PG > 11.1 mmol/L
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