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Summary

Between 1989 and 2004, the prevalence of gestational diabetes mellitus (GDM) in the United 

States increased by 122%. Glycated haemoglobin, as measured by haemoglobin A1C (A1C), can 

potentially identify pregnant women at high risk for adverse outcomes associated with GDM 

including macrosomia and post-partum glucose intolerance. Our objective was to systematically 

review the literature with respect to A1C levels during pregnancy and associated maternal and 

offspring outcomes. We used MEDLINE to identify relevant publications from 1975 to 2009. We 

included articles if they met the following criteria: original full text articles in English; primary 

exposure of antepartum A1C; women with GDM at baseline or who developed GDM during the 

study; primary outcome of GDM, insulin use, post-partum abnormal glucose or type 2 diabetes 

(T2DM), birthweight, macrosomia or large for gestational age. Case series and case reports were 

excluded. Twenty studies met our criteria. A1C at GDM diagnosis was positively associated with 

post-partum abnormal glucose. Women with post-partum T2DM or impaired glucose tolerance 

had mean A1C at GDM diagnosis higher than those with normal post-partum glucose (P ≤ 0.002) 

and a 1% increase in A1C at GDM diagnosis was associated with 2.36 times higher odds of post-

partum abnormal glucose 6 weeks after delivery [95% confidence interval 1.19, 4.68]. The 

association of A1C and birthweight varied substantially between studies, with correlation 

coefficients ranging from 0.11 to 0.51. A1C, a less burdensome and costly measure than an oral 

glucose tolerance test, appears to be an attractive measure for identifying women at high risk of 

adverse outcomes associated with GDM.
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Introduction

In the United States, prevalence of gestational diabetes (GDM) may range from 1 to 14% of 

pregnancies.1 GDM constitutes a significant health risk for mother and offspring during 

pregnancy, delivery and throughout the life course. Up to 60% of women with a pregnancy 

affected by GDM will develop type 2 diabetes mellitus (T2DM) within 5–10 years.2–5 Their 

offspring are at increased risk for neonatal complications, in particular macrosomia and large 

for gestational age (LGA).2 These offspring are also at high risk for obesity, insulin 

resistance and T2DM over their life course.6,7 Thus, the diagnosis and appropriate 

management of GDM has the potential to greatly reduce neonatal and maternal morbidity 

and the burden of T2DM.

Gestational diabetes is defined as glucose intolerance that is first evident during pregnancy.8 

O’Sullivan and Mahan originally defined GDM based on the oral glucose challenge values 

that were associated with increased maternal risk of post-partum T2DM.9 Inconsistent 

definitions and diagnostic criteria, all using the oral glucose tolerance test (OGTT) and 

plasma glucose, are promulgated by at least three national and international organisations as 

illustrated in Figure 1. Beginning in 1979, the National Diabetes Data Group (NDDG) 

endorsed glucose thresholds which are slightly higher than those proposed by O’Sullivan 

and Mahan.10 In 1997, the American Diabetes Association (ADA) endorsed the thresholds 

proposed by Carpenter and Coustan,11 which are lower than those used by the NDDG. The 

World Health Organization (WHO) defined their diagnostic thresholds for GDM based on a 

2 h 75 g OGTT rather than the 3 h 100 g OGTT utilised by the other organisations and 

applied the same thresholds used to diagnose T2DM in nonpregnant women.12 Following 

the publication of results from the Hyperglycemia and Pregnancy Outcomes study, new 

diagnostic criteria were recommended by the International Association of Diabetes and 

Pregnancy Study Groups and are currently under consideration.13

Glycated haemoglobin, as measured by haemoglobin A1C (A1C), is used as a marker of 

glycaemic control in people with type 1 diabetes (T1DM) and T2DM.14 Notably, the ADA 

recently recommended that A1C ≥ 6.5% be used as a diagnostic measure for T2DM and that 

women with A1C ≥ 6.5% at their first prenatal visit be diagnosed with T2DM rather than 

GDM.15 In the non-pregnant diabetic population sustained high A1C is associated with 

increased diabetes complications.16,17 A1C measures average glucose concentration over 

time rather than an acute response to a glucose challenge and the majority of women with 

GDM do not exhibit A1C levels equal to those shown in Figure 1.18 Therefore, optimal A1C 

levels in pregnancy should be defined by level of increased risk for adverse pregnancy 

outcomes. Elevated A1C may be an attractive option for identifying pregnant women at high 

risk for GDM, postpartum T2DM and macrosomia or delivering an LGA infant.

A1C has two technical advantages over plasma, blood or serum glucose measurements, 

which make it particularly attractive as a candidate for diagnosing and monitoring GDM. 

First, A1C measurement does not require the fasting or multiple timed measurements of the 

OGTT, and thus the burden on pregnant women (physical discomfort, fasting, and ingesting 

the concentrated glucose beverage) and staff (to administer the beverage and draw repeated 
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blood samples) is minimised. Second, unlike glucose, A1C remains relatively stable after 

collection19 and has less intraindividual variation compared with fasting plasma glucose.20

However, there are also limitations to the interpretation of A1C during pregnancy. Changes 

in preprandial and postprandial blood glucose21 and in the concentration of young 

erythrocytes22 result in a decrease in A1C associated with pregnancy, necessitating the use 

of trimester specific thresholds which are lower than those used in non-pregnant women 

with diabetes. Additionally, in the pregnant and nonpregnant population, the presence of 

haemoglobin variants, such as HbS (haemoglobin S), or medical conditions, such as uraemia 

or thalassaemia that affect red blood cell turnover, may result in spuriously high or low 

measurements. In non-pregnant women, race/ethnicity is associated with differences in A1C. 

After adjustment for covariates Hispanics and Blacks have higher average A1C compared 

with Caucasians.23,24 These racial/ethnic disparities may persist in non-obese pregnant 

women.25 Therefore, we conducted an epidemiological review of the literature on A1C 

levels during pregnancy to examine the associations of antepartum A1C and maternal 

glucose intolerance and associations of A1C with offspring birthweight, macrosomia and 

LGA.

Methods

Literature search

We systematically reviewed the literature with regard to A1C and associated risk of 

outcomes of: GDM, postpartum glucose intolerance or T2DM, birthweight, macrosomia and 

LGA from 1975 to 2009. Relevant publications for both searches were identified from 

MEDLINE using the search term ‘(gestational diabetes OR pregnancy) AND A1C’. We also 

reviewed reference lists of original and review articles to identify additional studies. The 

search identified 984 articles, 49 were identified for full review, and of these 20 met our 

eligibility criteria.

Inclusion and exclusion criteria

To be included studies had to meet the following criteria: original articles; full text available 

in English; primary exposure of antepartum A1C; inclusion of women with GDM at baseline 

or who developed GDM over the course of the study; primary outcome of GDM, use of 

insulin, post-partum abnormal glucose or T2DM, birthweight, macrosomia, or LGA. Case 

series and case reports were excluded.

Definitions of outcomes

Gestational diabetes, T2DM, impaired fasting glucose and impaired glucose tolerance were 

defined by thresholds for the OGTT established by national10,26 or international 

organisations.12 Due to inconsistencies in the published literature we used multiple 

definitions of macrosomia and LGA that were not mutually exclusive.27 Macrosomia was 

defined as birthweight greater than 4000 g or 4500 g, regardless of gestational age or as 

birthweight greater than the 90th or 95th percentile for gestational age. LGA was defined as 

birthweight greater than the 90th or 95th percentile for sex and gestational age. Fetal 
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macrosomia was defined as abdominal circumference >90th percentile for gestational age as 

measured by ultrasound.28

Results

Study characteristics

Our initial search identified 984 articles. Of these 174 were not available in English, 524 did 

not pertain to either GDM or A1C, and 237 did not include women with GDM. The 

remaining 49 articles were reviewed: 29 were subsequently excluded as they did not include 

our pre-specified maternal and offspring outcomes of interest. In total, 20 studies meeting 

our criteria were identified. The majority of these studies were retrospective cohort studies 

using medical records. Nine studies addressed the association of maternal outcomes with 

antepartum A1C measured either before,29,30 at the time of31–35 or after GDM diagnosis.
36,37 Eleven studies addressed the association of antepartum A1C measured at the time 

of38–45 or after GDM diagnosis,46–48 and birthweight, macrosomia or LGA. The majority of 

studies used the WHO thresholds for diagnosis of GDM30,34,35,41,42,44,45,47,48 and diagnosis 

of post-partum abnormal glucose.34,35,37 Only one study reported the racial/ethnic make-up 

of their study population and examined the impact of race/ethnicity on their findings.34

We first discuss the findings from studies of A1C and maternal outcomes and then the 

findings from studies of A1C and LGA or macrosomia. As interpretation of study results 

reflects the context and timing of measurement of A1C with respect to GDM diagnosis, the 

results are further subdivided by time of A1C measurement.

Associations of antepartum A1C and maternal outcomes

A1C before GDM screening and risk of GDM High A1C in the first trimester appears to be 

associated with increased risk of GDM (Table 1). Leipold et al. reported higher mean A1C at 

11–14 weeks gestation among women who developed GDM compared with those who 

maintained normal glucose tolerance throughout their pregnancy (4.95 vs. 5.38, P < 0.001).
29 These findings were corroborated by Balaji et al.30 who, in their study of 255 women at 

high risk for GDM, reported that high (>6%) and intermediate (5.3%–6%) A1C values in the 

first trimester were associated with subsequent elevated GDM risk. In this study, 100% of 

the women who had normal glucose tolerance but A1C >6% in the first trimester 

subsequently developed GDM later in pregnancy. Furthermore, 23% of the women who 

developed GDM in the second or third trimester had normal glucose tolerance in the first 

trimester and A1C between 5.3% and 6%.30 Taken together these findings indicate that early 

pregnancy A1C can identify women at high risk for GDM.

A1C at time of GDM diagnosis and severity of GDM—A1C at time of GDM 

diagnosis is associated with the severity of GDM, as measured by the use of insulin (Table 

1). Gonzalez-Quintero et al.31 found that A1C ≥ 6% at GDM diagnosis was associated with 

a 61% increase in the odds of insulin use during pregnancy after controlling for OGTT 

results and gestational age at diagnosis [95% confidence interval (CI) 1.29, 2.00]. Similarly, 

Sapienza et al.32 in a study of 294 women diagnosed with GDM between 24 and 34 weeks 
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gestation, found that a 1% increase in A1C was associated with 2.63 [95% CI 1.66, 4.17] 

times greater odds of insulin use.

A1C at time of GDM diagnosis and post-partum abnormal glucose or T2DM—
Table 2 shows the studies of A1C and maternal postpartum abnormal glucose or T2DM by 

timing of A1C measurement with respect to GDM diagnosis. All three studies that analysed 

the association of A1C at time of GDM diagnosis and post-partum abnormal glucose 

reported a positive association.33–35 In a cohort study of 189 women diagnosed with GDM 

using the WHO criteria, Oldfield et al.34 reported an increase in odds of post-partum T2DM 

within 8 years of the affected pregnancy associated with a 1% increase in A1C of 9.15 [95% 

CI 1.91, 43.87] among Caucasians and 4.95 among South Asians [95% CI 1.35, 12.40]. This 

study excluded women diagnosed with GDM very early in pregnancy who may have had 

undiagnosed pre-pregnancy diabetes. Similarly, in a case–control study of 318 women with 

GDM diagnosed by the ADA criteria, Ogonowski et al. found that a 1% increase in A1C was 

associated with a 2.36 [95% CI 1.19, 4.68] increase in odds of abnormal post-partum 

glucose tolerance.35 These findings consistently indicate that higher A1C at GDM diagnosis 

is associated with increased risk of post-partum abnormal glucose.

A1C after GDM diagnosis and post-partum abnormal glucose or T2DM—In 

contrast, when A1C was measured after diagnosis of GDM, findings were not as uniform. In 

a study of 788 women diagnosed with GDM using NDDG criteria, Pallardo et al.36 found 

that women with post-partum T2DM had higher mean A1C in the third trimester compared 

with women without post-partum T2DM (5.52 vs. 5.07, P < 0.0001). However, in a cohort 

study of 70 women with GDM, Dalfra et al.37 measured A1C in the third trimester after 

treatment for GDM was initiated and found no significant difference in mean A1C between 

those who developed post-partum T2DM and those who did not.37

Associations of A1C with birthweight, macrosomia, LGA and fetal macrosomia

A1C at time of GDM diagnosis, birthweight, macrosomia, LGA and fetal 
macrosomia—While A1C at diagnosis of GDM may be associated with LGA, it is not 

necessarily associated with fetal macrosomia at the time of GDM diagnosis (Table 3). 

Schaefer-Graf et al.41 did not find a statistically significant difference in maternal A1C at the 

time of GDM diagnosis between mothers with fetal macrosomia at their initial ultrasound 

and those without. Furthermore, the association between A1C and LGA may not be present 

or may be attenuated among pregnant women without diabetes. In a study of 611 women, 

which included 101 women diagnosed with GDM using the ADA criteria, Lapolla et al.43 

found that a 1% increase in A1C, at GDM screening, was associated with 2.76 times higher 

odds of delivery of an LGA infant after adjusting for maternal glucose status [95% CI 0.83, 

9.22] although the odds ratio did not reach statistical significance.

Among women with diabetes in pregnancy, A1C at time of GDM diagnosis does appear to 

be associated with birthweight,44,47,48 macrosomia,38 and LGA.39,40 In a retrospective 

cohort study of 357 women with GDM using the WHO criteria, Zawiejska et al.44 found that 

A1C at GDM diagnosis was positively correlated with birthweight (r = 0.11, P < 0.05). In 
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this study, A1C was measured at GDM diagnosis and the mean gestational age at GDM 

diagnosis was 28 weeks (range 5–40 weeks).

The association between A1C at GDM diagnosis and birthweight may also be modified by 

the gestational week of diagnosis of GDM. Seshiah et al.45 stratified women with GDM by 

gestational week at diagnosis [≤12 weeks (n = 36), 13–23 weeks (n = 18), 24–30 weeks (n = 

15) and >30 weeks (n = 18)] and then compared birthweight from these groups with each 

other and to that of women without GDM (n = 120).45 Comparing women diagnosed at >30 

weeks gestation with women diagnosed at ≤12 weeks gestation the former had higher A1C 

at diagnosis, but lower mean birthweight. Thus, among women diagnosed with GDM early 

in pregnancy an association between A1C and birthweight may not be present, possibly due 

to longer time on treatment.

A1C after GDM diagnosis and birthweight—The association of A1C and birthweight 

was stronger when antepartum A1C was measured after GDM diagnosis. Djelmis et al.47 

reported a correlation coefficient of 0.51 (P < 0.05) between antepartum A1C measured after 

GDM diagnosis and birthweight. This study included women diagnosed with GDM using 

the WHO criteria, and measured A1C 4 weeks before delivery. Supporting these findings, a 

post hoc analysis in a study by Gandhi et al.48 measured A1C in the second and third 

trimester, and found that when A1C was dichotomised into high (>6.5%) and low (<6.5%) 

categories, mean ‘birthweight centile’ was highest among those with high A1C.

Discussion

This study summarises the associations of A1C with outcomes of both mother and offspring 

in pregnancies complicated by GDM. A1C is a potentially powerful tool for management of 

GDM to guide treatment and reduce the risk of LGA, macrosomia and post-partum 

abnormal glucose. Our epidemiological review of the literature suggests that A1C may be 

useful for identifying women in early pregnancy who are at high risk for GDM and who 

develop the most severe GDM. Higher A1C at the time of GDM diagnosis was associated 

with increased risk of post-partum abnormal glucose or T2DM. Finally, among women with 

GDM, A1C after GDM diagnosis may also be useful for identifying women at highest risk 

for delivering an LGA or macrosomic infant.

Higher A1C in early pregnancy, even within normal levels is associated with increased risk 

of GDM. Identifying women in early pregnancy at highest risk of GDM provides an 

opportunity for disease prevention, and currently at least three randomised trials are seeking 

to determine the efficacy of physical activity interventions for prevention of GDM.49–51 All 

studies measuring A1C in the first trimester prior to diagnosis of GDM were conducted 

among women with a higher perceived risk of GDM, and therefore A1C was indicative of 

the overall increased risk of diabetes among study subjects. Thus, it is not clear whether 

these findings are generalisable beyond populations already at high risk for diabetes.

The majority of studies we reviewed identified a positive association between A1C and 

abnormal postpartum glucose tolerance. However, Dalfra et al.37 did not detect a difference 

in mean A1C between those with abnormal post-partum glucose tolerance and those with 
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normal post-partum glucose. It is important to consider the context and timing of 

measurement of A1C when interpreting these conflicting findings. Use of different criteria 

for diagnosing GDM leads to identification of populations with different risk profiles and 

degrees of hyperglycaemia in pregnancy (Figure 1). For example, Pallardo et al.36 used the 

more restrictive NDDG criteria for GDM diagnosis, identifying a population with more 

severe glucose intolerance, and found that A1C after diagnosis was associated with 

postpartum abnormal glucose. In contrast, Dalfra et al.37 used the lower ADA thresholds and 

failed to detect such an association.

Additionally, Dalfra et al.37 measured A1C after commencement of treatment, whereas 

Pallardo et al. measured A1C at GDM diagnosis. A1C is a measure of average glucose over 

the preceding 2–3 months; however, this is a weighted average with glucose exposure in the 

most recent month contributing more than earlier months.52 Thus, in the study by Pallardo et 
al.36 A1C combined the subjects’ underlying risk of GDM and the severity of disease prior 

to detection, but in the study by Dalfra et al. A1C reflected patient adherence to treatment 

and time on treatment. Women with the highest A1C values at diagnosis are most likely to 

receive intensive treatment and as a consequence have reduced A1C later in pregnancy. If 

these same women were also at greatest risk of post-partum abnormal glucose, this could 

explain the lack of association between A1C and post-partum abnormal glucose in the study 

by Dalfra and colleagues.

A1C at the time of GDM diagnosis was only weakly correlated with birthweight,44 but A1C 

measured after GDM diagnosis was strongly correlated with birthweight.47,48 This finding 

highlights the importance of the timing of A1C measurement with respect to GDM diagnosis 

and the positive impact of appropriate mangement of GDM on neonatal outcomes. Women 

with the highest A1C values after GDM diagnosis were most likely to be the ones with the 

poorest glycaemic control during the third trimester when fetal growth may be most affected 

by maternal hyperglycaemia.53 In contrast, when A1C was measured at the time of GDM 

diagnosis, many of the women with the highest A1C may have benefited from GDM 

management and good glucose control, weakening the correlation of A1C and birthweight.

The association between A1C and birthweight may be modified by gestational week at 

GDM diagnosis. Seshiah et al.45 reported that compared with women diagnosed at >30 

weeks gestation, women diagnosed at ≤12 weeks gestation had higher A1C at diagnosis, but 

lower mean birthweight. It has long been postulated that maternal hyperglycaemia results in 

fetal hyperinsulinaemia, leading to macrosomia.53 Among women with T1DM, third 

trimester A1C is positively correlated with birthweight and macrosomia,54,55 but A1C in the 

first trimester is negatively correlated with birthweight, possibly due to limited placental 

development.55,56 Many women with GDM only develop hyperglycaemia in their second 

and third trimester; therefore, the association of A1C and birthweight would be expected to 

be stronger among women with GDM compared with those with T1DM or T2DM. However, 

a proportion of women with GDM have undiagnosed pre-gestational T2DM or are 

diagnosed at <24 weeks gestation due to perceived risk factors. Therefore, the association of 

A1C and LGA or macrosomia may differ between those diagnosed at <24 weeks gestation 

and those diagnosed at ≥24 weeks gestation. It is also difficult in this setting to distinguish 
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between intrauterine growth restriction resulting from maternal pre-pregnancy or first 

trimester hyperglycaemia56 and the effects of early and aggressive treatment.

The timing of fetal growth measurement may also contribute to observed variations in 

associations between A1C and macrosomia. Schaefer-Graf et al.41 did not detect a 

statistically significant difference in maternal A1C at the time of GDM diagnosis between 

mothers with fetal macrosomia at their initial ultrasound and those without. However, if 

maternal hyperglycaemia, as reflected by A1C, is most strongly associated with fetal growth 

during the third trimester of pregnancy, then the failure to detect an association does not 

conflict with the positive findings previously described.

Strengths of this review include summary of associations of A1C with both maternal and 

offspring outcomes, and synthesis of study findings in the context of timing of A1C 

measurement. A key limitation to consider is that publication bias is possible, in particular 

whether studies with null findings remain unpublished. While it is difficult to assess 

potential publication bias, our search did identify multiple studies with null findings.
37,41,42,46

A1C is an accepted measure of glycaemic control for those with T2DM or T1DM14 and has 

been recommended for the diagnosis of T2DM,57 yet controversy persists with respect to its 

use among pregnant women with and without GDM. Currently, the American College of 

Obstetrics and Gynecology (ACOG) recommends maintaining A1C of <6% in pregnancies 

with established diabetes. There are no recommendations with respect to GDM despite the 

fact that GDM accounts for 90% of the pregnancies affected by diabetes in the United 

States.58 Additionally, while it is known that A1C is higher in certain racial and ethnic 

groups independent of glycaemic status,24 the potential impact of these differences on 

maternal and neonatal outcomes in GDM pregnancies is unknown.

Improved accuracy and standardisation of measurement techniques, and the recent 

recommendation for use in the diagnosis of T2DM will continue to raise interest in A1C. As 

a result, clinicians may be encouraged to use A1C more frequently for the management of 

GDM. A1C may be a particularly useful tool for identifying women during their first 

trimester at high risk of GDM, for guiding aggressive treatment of GDM to prevent adverse 

neonatal outcomes, and to identify and motivate behaviour change among women at highest 

risk for post-partum abnormal glucose. Future research should include determination of 

optimal levels of A1C in GDM pregnancies, the associations of A1C at different time points 

in pregnancy with maternal abnormal glucose and LGA or macrosomia, and the impact of 

race/ethnicity and pre-pregnancy body mass index on these associations.
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Figure 1. 
Glucose thresholds and equivalent A1C valuesa for diagnosis of gestational diabetes (GDM) 

by the National Diabetes Data Group (NDDG),b American Diabetes Association (ADA)b 

and the World Health Organization (WHO).c

a Conversion formula from Nathan et al.59 glucose (mg/dL) = 1.59*(A1C) −2.59.
b NDDG and ADA use a 3 h 100 g oral glucose tolerance test, and require two out of four 

values to exceed the thresholds to diagnose GDM.
c WHO uses a 2 h 75 g oral glucose tolerance test, and requires one out of the two values to 

exceed the thresholds to diagnose GDM.
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