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Performance of early pregnancy HbA
1c

 for predicting gestational diabetes mellitus and adverse pregnancy outcomes in obese European women

Abstract

Aims : To investigate the performance of early pregnancy HbA
1c

 for predicting gestational diabetes mellitus (GDM) and adverse pregnancy outcomes in obese women.

Methods : Post hoc analysis using data from the Vitamin D And Lifestyle Intervention for GDM prevention trials conducted across 9 European countries (2012–20145). Pregnant women (BMI ≥ 29 kg/m
2
) underwent a baseline HbA

1c
 and oral glucose tolerance tests at < 20 weeks, 24–28 weeks, and 35–37 weeks. Women with GDM were referred for treatment.

Results : Among the 869 women tested, the prevalence of GDM was 25.9% before 20 weeks, with a further 8.6% at 24–28 weeks. The areas under the curves for HbA
1c

 at the two time points were 0.55 (0.50–0.59) and 0.54 (0.47–0.61), respectively. An early HbA
1c
 ≥ 5.7% (39 mmol/mol) (N = 111) showed low sensitivity (18.2%) with 89.1% specificity for GDM before 20 weeks, at 24–28 weeks (sensitivity of 8.0% and specificity of 88.6% after excluding early GDM), 

and throughout gestation (sensitivity of 15.9% and specificity of 89.4%). The ≥ 5.7% (39 mmol/mol) threshold was significantly associated with concurrent GDM before 20 weeks (adjusted OR (aOR) 2.77(1.39–5.51)) and throughout gestation (aOR 1.72 (1.02–2.89)), but not adverse pregnancy outcomes.

Conclusions : Early pregnancy HbA
1c

 is of limited use for predicting either GDM or adverse outcomes in overweight/obese European women.

Keywords: Diagnostic threshold; Gestational diabetes mellitus; Hemoglobin A
1c

; Odds Ratio; Pregnancy; Pregnancy outcome

1 Introduction

The prevalence of gestational diabetes mellitus (GDM) has been rising worldwide with the growing epidemic of obesity, advancing maternal age, and redefined diagnostic approaches endorsed by the International Association of Diabetes in Pregnancy Study Groups (IADPSG) [1–3]. Glycated hemoglobin (HbA
1c

) reflects average blood glucose over a period of 2 to 3 months depending on red blood cell longevity and is a possible tool for identifying pregnant women who are more likely 

to have, or to develop, GDM and adverse pregnancy outcomes. HbA
1c

 has been recommended as a diagnostic test for detecting diabetes in early pregnancy, but its accuracy for diagnosing GDM is questionable [4]. Several factors affect the correlation of HbA
1c

 with glycemia, including age, genetic background, and environmental factors [5]. Conditions that interfere with the red blood cell survival rate, haemoglobinopathies, glycation, and different HbA
1c

 assays also complicate 

interpretation [5].

In pregnancy, the HbA
1c

 is naturally lower than in the non-pregnant state due to changes in erythrocyte lifespan and a decrease in plasma glucose level [6–8]. Furthermore, the HbA
1c

 varies throughout normal pregnancy and between different ethnic groups [6,9]. Several studies have evaluated the utility of early pregnancy HbA
1c

 for GDM prediction including a number that tested the use of a non-pregnant pre-diabetes threshold (5.7% (39 mmol/mol)) [10,11], while others proposed a 

threshold of 5.9% (41 mmol/mol) for diagnosing hyperglycemia and identifying a subgroup of pregnant women who are at greater risk of adverse pregnancy outcomes [12,13]. Some local practices treat women whose booking HbA
1c

 is in the prediabetes range as if they have GDM without labelling them as such [14]. However, while this cut point is sometimes used clinically, there is no widespread adoption, reflecting doubt about its usefulness. We now examine the utility of an early 

pregnancy HbA
1c

 as a continuous variable, and at a threshold of 5.7% (39 mmol/mol) for detecting GDM before 20 weeks, at 24–28 weeks and at 35–37 weeks based on IADPSG criteria and to predict GDM-related outcomes in overweight/obese pregnant women.

2 Materials and methods

This study is a post-hoc analysis of the vitamin D And Lifestyle Intervention for GDM prevention (DALI) trial (registration number ISRCTN70595832), which was conducted across 11 centres in nine European countries between 2012 and 2014. The trial compared different lifestyle interventions for reducing GDM risk among overweight/obese pregnant women. The trial protocol has been described elsewhere [15]. Eligible participants were women with singleton pregnancies, aged over 

18 years old, with a body mass index of ≥ 29 kg/m
2
 who were attending a participating antenatal clinic before 20 weeks of gestation. Women with pre-existing diabetes, psychiatric and chronic medical conditions, language barriers, or the inability to perform lifestyle interventions were ineligible. Each site obtained local ethics approval from the respective ethics committee. All participants underwent a clinical and laboratory assessment before 20 weeks, 24–28 weeks and 35–37 weeks.

2.1 Laboratory analyses

2.1.1 OGTT xxx

A 2-hour, 75-gram oral glucose tolerance test (OGTT) was carried out at baseline, 24–28 weeks, and 35–37 weeks following standardized methodology [15]. Women were advised to fast for 10 h before the scheduled test. Venesections were performed at 0, 60, and 120 min (mins) after consumption of 250 ml of 75 g glucose solution. Blood specimens were collected into sodium fluoride tubes and centrifuged and separated within 20–30 mins at 2470 g/10 mins at a temperature of 4 °C. 

The plasma portion was then pipetted into micronic loborack and frozen in 250 µl aliquots at −20 °C until further processing. The glucose was measured in the local laboratories as well as in the central trial laboratory in Graz, Austria. Glucose assay was performed using the hexokinase method (DiaSys Diagnostic Systems, Holzheim, Germany), which has an analytical sensitivity of 0.1 mmol/L. Results from the local laboratories were used to assess the eligibility for participant’s inclusion 

in the trial and to provide immediate referral for GDM management. The central laboratory OGTT results were used for the study analysis. GDM was defined as per the IADPSG criteria (i.e., fasting glucose ≥ 5.1 mmol/l or 1-hour glucose ≥ 10.0 mmol/l or 2-hour glucose ≥ 8.5 mmol/l) [16].

2.1.2 HbA
1c

HbA
1c

 was quantified in a certified (ISO 9001:2015) central laboratory in whole EDTA-anticoagulated blood by high-performance liquid chromatography using an ADAMS HA-8180 V automated analyser from Menarini Diagnostics (Vienna, Austria). The intra- and inter-assay coefficients of variation were 1.2% and 2.6% at 41 mmol/mol (5.9%) and 0.6% and 2.9% at 95 mmol/mol (10.8%), respectively. Samples were frozen at −80 °C.

2.2 Intervention

Women fulfilling the criteria for GDM by IADPSG criteria were excluded from the DALI interventions and received treatment as per local practice guidelines. Where the OGTT from such excluded women did not fulfil local GDM criteria, no treatment was provided unless GDM was diagnosed at 24–28 weeks or on the decision of local clinicians. Women without GDM, pre-stratified by site, were randomly allocated to eight groups (healthy eating (HE); physical activity (PA); HE and PA; 

usual care; HE, PA, and vitamin D (Vit D); HE, PA, and placebo; Vit D alone; placebo alone) as previously described [17,18]. Lifestyle intervention encompassed information on the risks of GDM and pregnancy weight gain together with standardized and culturally tailored coaching on healthy eating and/or physical activity, delivered through a combination of face-to-face meetings and telephonic means (text messages, phone calls). These interventions were shown to have no significant 

effect on either the prevention of GDM or adverse pregnancy outcomes [17,18].

Women were excluded from the analyses if their OGTT and HbA
1c

 results were diagnostic of overt diabetes. Demographic and clinical information were collected using a questionnaire. The main outcome measure for this study was the development of GDM. Secondary pregnancy outcomes included spontaneous abortion (before 22 weeks), birth weight over 4 kg, large for gestational age (LGA) (defined as birth weight > 90th percentile), small for gestational age (SGA) (defined as birth 

weight < 10th percentile), preeclampsia, pregnancy induced hypertension (PIH), preterm birth (<37 weeks), cesarean section, hyperbilirubinemia, Neonatal Intensive Care Unit (NICU) stay, weight gain under 5 kg, and induction of labour (use of prostaglandins). Pregnancy outcomes were obtained from the medical records.

2.3 Statistical analysis

Continuous data were tested for a normal distribution and presented as means and standard deviations. An independent samples t-test was used to compare means. Categorical data were presented as percentages and compared using the chi-square test or Fisher’s Exact test. The HbA
1c

 groups were created using the prediabetes threshold of 5.7% (39 mmol/mol). Sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) were estimated using cross 

tabulation. The association between higher HbA
1c
 ≥ 5.7% (39 mmol/mol) and adverse pregnancy outcomes was measured using odds ratios and 95% confidence intervals in a binary logistic regression analysis. Results were controlled for potential confounding factors such as maternal age, pre-pregnancy BMI, booking BMI, family history of diabetes, country, randomisation group, GDM status, and GDM treatment. A receiver operating characteristic (ROC) analysis was performed to 

determine the predictive ability of HbA
1c

 for GDM and adverse pregnancy outcomes. The ROC curve was constructed by plotting sensitivity against 1- specificity for all possible thresholds using HbA
1c

 as a continuous variable. A p value of < 0.05 was accepted as a cut-off for statistical significance. To assess the ability of HbA
1c

 for predicting GDM using higher glycemic thresholds, we performed sensitivity analyses using a fasting glucose of ≥ 6.1 mmol/l (110 mg/dl), in both the first 

[19] and second trimester (13–20 weeks). In the sensitivity analysis, we also explored if changing the HbA
1c

 cut-off point to 5.9% (41 mmol/mol), the threshold proposed by Hughes et al [12], would lead to improved performance. All analyses were performed using IBM SPSS for Macintosh version 25.0 (IBM Corp., Armonk, NY, USA).

3 Results

There were 900 women who underwent a baseline HbA
1c

, 31 of whom were excluded from the analysis (Fig. 1). At a mean gestation of 15 ± 2.4 weeks (range 4.3–19.9 weeks), the mean baseline HbA
1c

 was 5.2% (33 mmol/mol) (range 4.3–6.3% (23–45 mmol/mol)), and 12.8% (N = 111) had an HbA
1c
 ≥ 5.7% (39 mmol/mol) of which 4.3% (N = 37) exceeded 5.9% (41 mmol/mol). The maternal and glycemic characteristics of women with an HbA

1c
 of ≥ 5.7% (39 mmol/mol) 

and < 5.7% (39 mmol/mol) are shown in Table 1. The maternal age, pre-pregnancy BMI, booking BMI, family history of diabetes, fasting and 1-hour post-load glucose levels (before 20 weeks), and GDM diagnosis (before 20 weeks and overall) were significantly higher in the HbA
1c
 ≥ 5.7% (39 mmol/mol) group.
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Fig. 1

. Flow diagram of study participants. OGTT = Oral glucose tolerance test; GDM = Gestational diabetes mellitus.

Table 1

Comparison of baseline characteristics between HbA1c categories.

Characteristics

≥ 5.7% (39 mmol/mol), n = 111 < 5.7% (39 mmol/mol), n = 758

p  value

n Mean ± SD or % n Mean ± SD or %

Maternal characteristics

Age (years) 111 33.13 ± 5.2 758 31.85 ± 5.3 0.02

Pre-pregnancy body mass index (kg/m
2

) 110 34.69 ± 4.9 752 33.75 ± 4.4 0.04

Booking body mass index (kg/m
2

) 111 35.51 ± 5.0 754 34.39 ± 4.3 0.03

European descent 93/109 85.3 660/757 87.2 0.55

Multiparity 63/109 57.8 367/757 48.5 0.08

Previous GDM 8/73 11.0 40/458 8.7 0.51

Previous macrosomia 21/73 28.8 93/457 20.4 0.12

History of chronic hypertension 15/109 13.8 97/49 13.0 0.76

Previous stillbirth 2/73 2.7 54/458 11.8 0.01

History of congenital malformation 2/73 2.7 17/459 3.7 1.00

Smoking in early pregnancy 13/109 11.9 126/754 16.7 0.26

Alcohol consumption during pregnancy 4/107 3.7 47/750 6.3 0.39

Higher education 60/109 55.0 423/756 56.0 0.92

First-degree family history of diabetes 36 32.4 166 21.9 0.02

History of polycystic ovarian syndrome 12/109 11.0 76/746 10.2 0.74

SBP in early pregnancy (mm Hg) 110 116.6 ± 10.0 754 116.7 ± 10.7 0.88

DBP in early pregnancy (mm Hg) 110 73.7 ± 7.9 754 73.1 ± 8.4 0.47

HDL cholesterol (mmol/L) 107 1.4 ± 0.3 715 1.4 ± 0.3 0.06

LDL Cholesterol (mmo/L) 107 3.1 ± 0.7 716 3.1 ± 0.8 0.52

Triglycerides (mmol/L) 107 1.4 ± 0.5 716 1.4 ± 0.5 0.51

Glycemic characteristics

OGTT in early pregnancy (<20 weeks)Gestation (weeks)Fasting glucose (mmol/L) 1-hr glucose (mmol/L)2-hr glucose (mmol/L) OGTT in First trimesterGestation (weeks) Fasting glucose 

(mmol/L)1-hr glucose (mmol/L) 2-hr glucose (mmol/L)OGTT at 13–20 weeksGestation (weeks)Fasting glucose (mmol/L) 1-hr glucose (mmol/L)2-hr glucose (mmol/L)

1111111081072121202090908887 14.8 ± 2.54.8 ± 0.57.5 ± 1.96.3 ± 1.511.3 ± 1.54.9 ± 0.47.5 ± 1.66.0 ± 1.215.6 ± 1.94.8 ± 0.57.6 ± 2.06.3 ± 1.5 758757711712135135130130623622581582 15.1 ± 2.44.7 ± 0.57.1 ± 1.76.0 ± 1.311.6 ± 1.44.8 ± 0.57.2 ± 1.86.3 ± 1.315.8 ± 1.84.7 ± 0.57.1 ± 1.76.0 ± 1.3 0.320.0020.010.090.440.300.540.350.370.0040.010.02

OGTT at 24–28 weeksGestation (weeks) Fasting glucose (mmol/L) 1-hr glucose (mmol/L) 2-hr glucose (mmol/L) 57575556 26.3 ± 1.34.5 ± 0.47.9 ± 1.46.2 ± 1.4 466459452447 26.5 ± 1.54.5 ± 0.47.6 ± 1.66.2 ± 1.2 0.400.950.130.84

OGTT at 35–37 weeksGestation (weeks) Fasting glucose (mmol/L)1-hr glucose (mmol/L) 2-hr glucose (mmol/L) 46464141 35.8 ± 0.84.5 ± 0.68.3 ± 1.56.5 ± 1.3 360360347345 35.8 ± 0.94.4 ± 0.47.9 ± 1.46.5 ± 1.2 0.750.690.080.79

GDM prevalenceOverall<20 weeks24–28 weeks35–37 weeks 57416/5710/46 51.436.910.521.7 30218469/46749/361 39.824.314.813.6 0.020.0070.550.18

Fasting 110–125 mg/dl (6.1–6.9 mmol/L)First trimester13–20 weeks 0/212/90 0.02.2 3/1355/622 2.20.8 1.000.22

Gestational characteristics

Gestation at delivery (weeks) 83 40.1 ± 8.0 590 39.5 ± 3.0 0.14

Birth weight (gram) 88 3512.0 ± 542.4 628 3485.5 ± 518.9 0.66

The table shows comparison of maternal, glycaemic, and gestational characteristics between women with higher and lower HbA1c levels. Because there has been considerable interest in the first trimester hyperglycemia, the early OGTT values were further divided into two stages; 0–12 weeks and 13–20 weeks. GDM = Gestational diabetes mellitus; SBP = Systolic blood pressure; DBP = Diastolic blood pressure; HDL = High-density lipoprotein; LDL = Low-density lipoprotein; OGTT = Oral glucose tolerance test.

i The table layout displayed in this section is not how it will appear in the final version. The representation below is solely purposed for providing corrections to the table. To preview the actual presentation of the table, please view the Proof.



Queries and Answers

3.1 Early pregnancy HbA1c and GDM prediction

Table 2 shows the test characteristics of an early pregnancy HbA
1c

 for detecting GDM using the IADPSG criteria. The baseline HbA
1c

 showed a poor area under the ROC curve (AUC) for identifying women with GDM. An HbA
1c

 threshold of 5.7% (39 mmol/mol) showed low sensitivity (15.9%) but high specificity (89.4%) for GDM at any time during pregnancy. Overall, 51.4% of the women in the HbA
1c
 ≥ 5.7% (39 mmol/mol) group developed GDM, and 72% of these cases were 

detected before 20 weeks (in the < 5.7% (39 mmol/mol) group, this was 61% (184/302) (p = 0.14)). Women with a higher HbA
1c

 in early pregnancy at ≥ 5.7% (39 mmol/mol) had a 1.7 times higher risk for GDM sometime in pregnancy compared to women with an HbA
1c

 of < 5.7% (39 mmol/mol) (adjusted odds ratio (aOR) of 1.72 (1.02–2.89)). The aORs for GDM before 20 weeks, at 24–28 weeks (after excluding early GDM), at 35–37 weeks (after excluding early and 24–28 week 

GDM) among women in the higher HbA
1c

 group were 2.77 (1.39–5.51), 0.68 (0.26–1.76), and 1.96 (0.84–4.58), respectively. Using fasting glucose of ≥ 6.1 mmol/l (110 mg/dl) in the first trimester gave better ROC characteristics (0.70 (0.53–0.86)) for GDM, but still with poor sensitivity (0% of 3 cases) (Table 2).

3.2 Early pregnancy HbA1c as a predictor of adverse pregnancy outcomes

There was no significant association between a higher HbA
1c
 ≥ 5.7% (39 mmol/mol) and the risk of adverse pregnancy outcomes (Table 3). In a subgroup analysis stratified by GDM status, women with higher HbA

1c
 in the non-GDM group were less likely to have cesarean section and GWG > 5 kg (Supplemental Table 1). The ROC analysis showed poor performance of HbA

1c
 for predicting adverse pregnancy outcomes regardless of GDM status (Supplemental Table 2).

In the sensitivity analysis, an HbA
1c

 threshold of 5.9% (41 mmol/mol) showed a small increase in specificity with a decrease in sensitivity for detecting GDM (Supplemental Table 3). An HbA
1c
 ≥ 5.9% (41 mmol/mol) did not predict adverse pregnancy outcomes (Supplemental Table 4).

4 Discussion

Our study of overweight and obese women from a largely European background shows that while GDM was present in 36.9% of women with an HbA
1c
 ≥ 5.7% (39 mmol/mol) before 20 weeks of gestation, this was also the case in 24.3% of the remaining women, a numerically much larger group. Our results clearly show the poor sensitivity of an early pregnancy HbA

1c
 for detecting GDM. While the 5.7% (39 mmol/mol) cut-off was highly specific for GDM, this threshold could not 

correctly identify most of the cases of GDM with a false negative rate of 81.8% before 20 weeks and 84.1% for GDM at any time. Low ROC AUC values show the poor ability of the HbA
1c

 to detect GDM at any time regardless of the week of pregnancy. This low sensitivity was also shown by Hughes et al. [12] (18.8% for the threshold of ≥ 5.9% for early GDM) using New Zealand criteria, and Odsaeter et al. [20] (0% sensitivity for the threshold of 5.8% (40 mmol/mol) after 18 weeks’ 

gestation) using modified IADPSG criteria. Several other studies also reported poor sensitivity of early HbA
1c

 for diagnosing GDM in late pregnancy, with the value ranging between 0.9% and 25.7% for a higher threshold above ≥ 5.7–5.9% (39–41 mmol/mol) [11,13,20–22]. The AUC values in our results were similar to those reported in other studies with poor values at different pregnancy weeks and throughout gestation [20–23].

In our study, women with an HbA
1c

 of ≥ 5.7% (39 mmol/mol) were not at increased risk of adverse pregnancy outcomes. Among those with negative OGTT results using IADPSG criteria, there was no relationship between adverse pregnancy outcomes and the higher HbA
1c

 except that women with higher values had less GWG and cesarean rate (possibly from lifestyle interventions). Several previous studies have shown mixed results. Similar to our findings, Fong et al. [10] and 

Osmundson et al. [11] found no adverse outcomes associated with higher HbA
1c
 ≥ 5.7% (39 mmol/mol). In contrast, a study by Hughes et al. [12] reported a strong relationship between higher HbA

1c
 values (≥5.9% (41 mmol/mol)) and adverse pregnancy outcomes such as preeclampsia, perinatal death, major congenital anomaly, and shoulder dystocia, but not LGA (customized) or macrosomia. The difference in ability to predict pregnancy outcomes in our study compared with the 

Hughes et al. study may be due to several factors including sample size and ethnic differences (the Hughes et al. study had a large number of Polynesian women with a higher HbA
1c

), and perhaps using the New Zealand criteria, a large number of women with IADPSG-defined GDM remained undiagnosed and untreated but in the “non-GDM” analyses. Similarly, Mane et al.[13] found a higher risk of preeclampsia and macrosomia among participants with a higher HbA
1c

 in a multiethnic 

cohort using the National Diabetes Data Group (NDDG) OGTT criteria following a 50 g glucose challenge test. In contrast, two other studies [20,23] found no association between early HbA
1c

 values and outcome variables such as preeclampsia, birthweight, macrosomia, polyhydramnios, SGA, and hypertensive disorders. A direct comparison between previous studies was difficult as their population characteristics and sample sizes differed substantially. Also, there was variability in the 

criteria adopted for GDM diagnosis (those adopted included IADPSG criteria [10,11,21,23], World Health Organization (WHO) 1999 criteria [20], Modified IADPSG criteria [20], National Diabetes Data Group (NDDG) criteria [22], and Carpenter-Coustan (CC) criteria [10]).

Our data question the use of an early HbA
1c

 for detecting/predicting hyperglycemia below the cut point for diabetes in pregnancy. Based on our findings, we suggest that at these low levels, accuracy is severely influenced by the variability between individuals including red blood cell (RBC) longevity and ethnicity. The longer a RBC survives, the longer time there is for glycation, even with a normal blood glucose level. This non-glycaemic influence reduces the discriminative power of 

HbA
1c

 for detecting mild hyperglycemia as evidenced by low AUC values for GDM defined by the IADPSG criteria. The discordance in association between higher HbA
1c

 and GDM-associated adverse outcomes, is most likely due to the impact of GDM treatment/lifestyle intervention and overall glycemia, being less than the influence of inter-individual variation in the mean RBC age across the population. The differential effect of turnover on HbA
1c

, reproducible individuals, has been 

shown outside of pregnancy [24,25]. On the other hand, the contribution of variability in mean RBC age to the HbA
1c

 level appears to be less at higher levels of glycemia. This is evident from the higher AUC for detecting GDM defined by the higher fasting glucose of ≥ 6.1 mmol/l (110 mg/dl).

We, therefore, suggest that an early pregnancy HbA
1c

 value should not be used as a biomarker for detecting mild hyperglycemia in pregnancy and that a threshold of ≥ 5·7% (39 mmol/mol) has limited utility in the prediction of poor pregnancy outcomes in obese pregnant women. Further studies are urgently needed to define the best strategies to diagnose and identify early GDM.

A major limitation of our study was the high percentage of missing data (17.6–32.7% for the majority of the outcome variables) which may have influenced our study findings. Secondly. In the higher HbA
1c

 group, 8.8% of the women diagnosed with GDM received medication therapy and 57% of the non-GDM women (excluding women in the usual care, placebo, and vitamin D limbs) received some kind of lifestyle intervention (Supplemental Table 5). This may have affected the 

outcome of the pregnancy and attenuated the effects of higher HbA
1c

 on adverse outcomes. Nevertheless, the analyses have been adjusted for lifestyle intervention and GDM treatment, and this made no difference to the results. Furthermore, in spite of the clinical treatment, pregnancy outcomes were still worse among women with GDM. We have previously shown that neither gestational weight gain limitation across the cohort, lifestyle change nor Vitamin D supplementation has a 

substantive impact on pregnancy outcomes or GDM incidence [17,18]. Further, the IADPSG criteria were developed for diagnosis of GDM at 24–28 weeks’ gestation, not early pregnancy, and criteria for this time point are under active investigation [26,27]. Moreover, our participants were mainly overweight/obese European women (87%), which limits the generalizability of the study results. Also, all the women had accepted to participate in a life-style intervention study, and therefore 

these women might not be representative of an unselected population Finally, full blood count data were not available for the identification of possible shorter or longer red blood cell longevity, so results were not adjusted for the presence of anaemia.

In conclusion, an early HbA
1c

 measurement was not useful in the prediction of GDM in obese European women. An HbA
1c

 with a threshold of 5.7% (39 mmol/mol) is a specific but insensitive biomarker for GDM and is not associated with adverse pregnancy outcomes. Because of the “dilution” effect of hemoglobin glycation by RBC turnover variation at these relatively low levels of HbA
1c

, the proposed threshold has limited utility in screening for early GDM, in spite of its value for 

detecting diabetes in pregnancy. Future studies are needed to confirm the results in different populations.
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Table 2

Test characteristics of HbA1c at a threshold of ≥ 5.7% (39 mmol/mol) for detecting GDM.

GDM criteria Gestation GDM Prevalence (%) Sensitivity (%) Specificity (%) PPV (%) NPV (%) AUC (CI), p  value *

IADPSG

Throughout gestation 41.3 (359/869) 15.9 89.4 51.4 60.2 0.55 (0.51–0.59), 0.01

Before 20 weeksFirst trimester13–20 weeks 25.9 (225/869)32.1 (50/156)24.5 (175/713) 18.214.019.4 89.186.889.6 36.933.337.8 75.768.177.4 0.55 (0.50–0.59), 0.04

24–28 weeks 14.3 (75/524) 
†

(8.6 of total n) 8.0 88.6 10.5 85.2 0.54 (0.47–0.61), 0.27

35–37 weeks 14.5 (59/407) 
‡

(6.8 of total n) 16.9 89.7 21.7 86.4 0.57 (0.49–0.65), 0.09

Fasting 6.1–6.9 mmol/l (110–125 mg/dl)

First trimester 1.9 (3/156) 0.0 86.3 0.0 97.8 0.70 (0.53–0.86), 0.24

13–20 weeks 1.0 (7/712) 28.6 87.5 2.2 99.2 0.69 (0.54–0.83), 0.09

The table shows the test characteristics of early pregnancy HbA1c for detecting GDM at a threshold of ≥ 5.7% (39 mmol/mol). *The area under the receiver operating characteristic curve shows the performance of early pregnancy HbA1c for detecting GDM using all possible HbA1c thresholds; †after excluding early GDM; 
‡

after excluding early and 24–28 week GDM; GDM = Gestational diabetes mellitus; PPV = Positive predictive value; NPV = Negative predictive value; AUC = Area under the curve; CI = Confidence interval, IADPSG = International Association 

of Diabetes in Pregnancy Study Groups.

i The table layout displayed in this section is not how it will appear in the final version. The representation below is solely purposed for providing corrections to the table. To preview the actual presentation of the table, please view the Proof.

Table 3

Pregnancy outcomes between HbA1c categories.

Pregnancy outcomes

≥ 5.7% (39 mmol/mol), n = 111 < 5.7% (39 mmol/mol), n = 758

p  value* OR (95% CI) Adjusted OR (95% CI)

n/N (%) n/N (%)

Spontaneous abortion 0/88 (0) 2/623 (0.3) 1.00 – –

Birth weight over 4 kg 15/88 (17.0) 103/628 (16.4) 0.88 1.05 (0.58–1.90) 0.94 (0.46–1.92)

Large for gestational age 12/83 (14.5) 79/566 (14.0) 0.87 1.04 (0.54–2.01) 1.39 (0.64–3.03)

Small for gestational age 3/83 (3.6) 45/568 (7.9) 0.26 0.44 (0.13–1.44) 0.82 (0.22–3.09)

Preeclampsia 3/82 (3.7) 18/554 (3.2) 0.74 1.13 (0.32–3.93) 0.77 (0.15–3.82)

Pregnancy induced hypertension 7/82 (8.5) 69/552 (12.5) 0.37 0.65 (0.29–1.48) 0.44 (0.15–1.27)

Preterm birth 6/83 (7.2) 26/586 (4.4) 0.27 1.68 (0.67–4.21) 1.57 (0.48–5.21)

Caesarean section 29/88 (33.0) 233/622 (37.5) 0.48 0.82 (0.51–1.32) 0.55 (0.30–1.00)

Hyperbilirubinemia 7/81 (8.6) 21/515 (4.1) 0.09 2.23 (0.91–5.42) 1.56 (0.55–4.41)

Neonatal Intensive Care Unit stay 6/76 (7.9) 47/509 (9.2) 0.83 0.84 (0.35–2.04) 0.64 (0.23–1.78)

Weight gain under 5 kg 22/65 (33.8) 121/498 (24.3) 0.10 1.59 (0.92–2.77) 1.35 (0.72–2.52)

Induction of labour 37/82 (45.1) 281/553 (50.8) 0.35 080 (0.50–1.27) 0.81 (0.45–1.46)

The table shows ORs (adjusted and unadjusted) for the development of adverse pregnancy outcomes among women with an early pregnancy HbA1c of ≥ 5.7% (39 mmol/mol) compared to those with an HbA1c of < 5.7% (39 mmol/mol). Results were adjusted for maternal age, pre-pregnancy body mass index, booking body mass index, family history of diabetes, country, randomisation group, GDM status and GDM treatment. *p  value of the Fisher’s Exact test; --not applicable due to small numbers; GDM = Gestational diabetes mellitus; OR = Odds ratio; 

CI = Confidence interval.

i The table layout displayed in this section is not how it will appear in the final version. The representation below is solely purposed for providing corrections to the table. To preview the actual presentation of the table, please view the Proof.

i The corrections made in this section will be reviewed and approved by a journal production editor. The newly added/removed references and its citations will be reordered and rearranged by the production team.
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Highlights

• Early pregnancy HbA1c is a poor predictor of gestational diabetes.

• An HbA1c ≥  5.7% (39 mmol/mol) has poor sensitivity for GDM regardless of gestation.

• An HbA1c ≥  5.7% (39 mmol/mol) was not associated with greater risk of adverse outcomes.
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