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Summary

Katon J, Reiber G, Williams MA, Yanez D, Miller E. Antenatal haemoglobin A1c and risk of 

large-for-gestational-age infants in a multi-ethnic cohort of women with gestational diabetes. 

Paediatric and Perinatal Epidemiology 2012; 26: 208–217.

Gestational diabetes mellitus (GDM) is a risk factor for delivering a large-for-gestational-age 

(LGA) infant. Haemoglobin A1c (A1C) is an indicator of glycaemic control. The objective of this 

study was to test whether higher A1C quartile at the time of diagnosis of GDM is associated with 

increased risk of delivering a LGA or macrosomic infant. Women with singleton pregnancies 

treated for GDM at a large diabetes and pregnancy programme located in Charlotte, North 

Carolina, were eligible for inclusion in this retrospective cohort study. Clinical information, 

including A1C at diagnosis, treatment, prior medical and obstetric history, and birth data were 

abstracted from medical records. LGA was defined as birthweight >90th percentile for gestational 

age and sex and macrosomia as birthweight >4000 g. Logistic regression was used to analyse the 

association of A1C at GDM diagnosis with risk of delivering LGA or macrosomic infants. This 

study included 502 women. Prevalences of LGA and macrosomia were 4% and 6% respectively. 

After adjustment there was no detectable trend of increased risk for LGA (P for trend = 0.12) or 

macrosomia (P for trend = 0.20) across increasing quartiles of A1C at GDM diagnosis. A1C at 

GDM diagnosis may not be linearly associated with LGA or macrosomia, possibly because of the 

mediating effect of strict glycaemic control in this clinical setting.
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Introduction

Gestational diabetes mellitus (GDM), defined by the American College of Obstetricians and 

Gynecologists as glucose intolerance that is first evident during pregnancy,1 is a recognised 

risk factor for delivery of a large-for-gestational-age (LGA) infant. Women with GDM have 

3.4 times higher odds of delivering a LGA infant compared with women without GDM.2 

Delivery of an LGA infant is associated with increased risk of neonatal morbidity and 

complications including infant hypoglycaemia, shoulder dystocia, perinatal asphyxia, and 

perinatal hypoxia and its sequelae.3,4 Compared with appropriate-for-gestational-age infants 

of mothers with and without GDM, LGA offspring of mothers with GDM are also at 

increased risk of obesity,5 metabolic syndrome6 and insulin resistance beginning in 

childhood and adolescence.6 Recently, two randomised clinical trials demonstrated that 

management of glucose levels among pregnant women with mild gestational glucose 

intolerance can reduce the incidence of LGA by 38–51%,7,8 indicating that appropriate 

identification and treatment of women at highest risk of LGA can lower the risk of LGA and 

its related sequelae.

Haemoglobin A1c (A1C), a haemoglobin variant, is an accepted and standardised measure 

of glycated haemoglobin, and a marker of glycaemic control over the preceding 120 days.9 

Recently an international committee of experts at the American Diabetes Association (ADA) 

recommended the use of A1C for the diagnosis of type 2 diabetes.10 Pregnant women were 

excluded from the ADA recommendation because of metabolic11–13 and haematological 

changes associated with pregnancy,14–16 which are essential for meeting the changing 

energy needs of the mother and fetus17 and result in decreased A1C during pregnancy.18,19 

However, there is increasing interest in the use of A1C for the clinical management of GDM.
20

Although there is evidence of a positive linear association between A1C in the second or 

third trimester and risk of LGA among women with established diabetes,21–23 in the context 

of GDM there are conflicting findings.24–26 Results from the Hyperglycemia and Pregnancy 

Outcomes study indicate that among pregnant women with impaired glucose below the 

conventional thresholds for diagnosing GDM, maternal glucose levels at GDM screening 

have a linear relationship with birthweight.27 A1C indicates higher average daily glucose 

levels, and women with higher A1C at GDM diagnosis may have more severe GDM or be 

less likely to achieve optimal glycaemic control,28,29 and therefore be at increased risk of 

LGA or macrosomia. Additionally, women with higher A1C at GDM diagnosis may have 

hyperglycaemia earlier in their pregnancy, and among women with pre-gestational diabetes 

there is evidence of a postponed effect of poor glycaemic control in the first trimester 

leading to excess fetal growth in the third trimester.30 The objective of this study was to test, 

in a multi-ethnic cohort of women with GDM, whether higher A1C quartile at the time of 
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GDM diagnosis is associated with an increased risk of LGA or macrosomia, which are 

markers of excess fetal growth.

Methods

Study setting

This study took place in a large diabetes and pregnancy programme, which is a consortium 

of two health care clinics located in Charlotte, North Carolina. Clinic A, housed within the 

main medical centre, provides comprehensive education and care for women with type 1 

diabetes, type 2 diabetes and GDM and serves a primarily White, privately insured 

population. Clinic B provides obstetric care for women with and without diabetes in 

pregnancy. The majority of patients cared for at Clinic B are racial/ethnic minorities and 

Medicaid recipients. These two clinics, located within a mile of each other, use a common 

GDM clinical management protocol developed by the Medical Director, a Board Certified 

Endocrinologist (E.M.). The programme serves all of Mecklenburg County, the nine 

surrounding counties and manages the majority of GDM patients diagnosed within the 

greater Charlotte area. Screening for GDM is universal among women attending prenatal 

care in the US with <2% of pregnant women attending less than three prenatal visits.31

Typically women are referred to one of the two diabetes and pregnancy programme clinics at 

24–28 weeks gestation following a positive 50-g oral glucose challenge test (GCT) and a 

positive 3-h 100-g oral glucose tolerance test (OGTT).32 A1C and other laboratory tests are 

performed at or near the first appointment at Clinic A and at enrolment in the diabetes and 

pregnancy programme at Clinic B. At both clinics women considered at particularly high 

risk for GDM may be referred to the diabetes and pregnancy programme earlier in their 

pregnancy with or without GDM screening. Additionally, women may be diagnosed with 

GDM and referred to the diabetes and pregnancy programme at any point in their pregnancy 

following an extremely elevated GCT or random blood glucose (RBG).

Goals for treatment in both clinics are: fasting glucose <90 mg/dL (<5 mmol/L); once 

medication is prescribed, a goal of 70–80 mg/dL (3.89–4.44 mmol/L) is used; and 1-h 

postprandial glucose <120 mg/dL (<6.66 mmol/L). Insulin or oral hypoglycaemic agents 

typically are initiated if after a week with diet and exercise, the glucose goals are not met. 

This trial of diet and exercise may be shortened for women with extremely elevated 1-h 

GCT, 3-h OGTT values, or presence of other risk factors.

Study participants

Women managed for GDM with a live singleton delivery between 15 November 2000 and 

15 April 2010 were eligible for inclusion in the study. Additional inclusion criteria were: 

diagnosed with GDM at ≥24 weeks gestation by either a 3-h 100-g OGTT, a GCT ≥200 

mg/dL (≥11.10 mmol/L) or a RBG ≥160 mg/dL (≥8.88 mmol/L); and complete birth data 

(date of birth, infant’s sex and birthweight). Study exclusion criteria were: established type 1 

or type 2 diabetes; untreated endocrinopathies (hyperadrenalism, hypoadrenalism, 

hyperthyroidism, hypothyroidism and acromegaly); haemoglobin variants (HbS, HbC, HbF 

and HbE) or conditions (uraemia, thalassaemia) that impair interpretation of A1C; and first 
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A1C measurement >4 weeks after initial visit to the diabetes and pregnancy programme. The 

University of Washington and Carolinas HealthCare System institutional review boards 

approved the protocol for this study.

Laboratory measures

The two clinics measured A1C using different analytical methods. Using a point-of-care 

instrument, Clinic A measured A1C with a DCA 2000. Clinic B sends all samples to the 

main laboratory for analysis; at the main laboratory A1C is measured via high-performance 

liquid chromatography using a Diabetes Control and Complications Trial aligned method 

(Bio-Rad VARIANT™II TURBO). The laboratory method and point-of-care method for 

A1C measurement are highly correlated with a reported Pearson correlation of >0 9 33–35

Study variables

The primary exposure was the first A1C, measured and recorded at a diabetes and pregnancy 

programme within 4 weeks of GDM diagnosis. Key covariates included variables related to 

maternal demographics, medical and obstetric history, pregnancy and delivery. Demographic 

variables included: clinic (Clinic A, Clinic B), maternal age at GDM diagnosis (years), 

parity [primipara (parity = 0), multipara (parity ≥ 1)], insurance (private, uninsured or 

Medicaid), maternal race/ethnicity (White, non-White) and pre-pregnancy body mass index 

(BMI) as calculated from height and pre-pregnancy weight (kg/m2). Medical and obstetric 

history variables included: prior history of GDM, prior history of pre-eclampsia/eclampsia, 

history of polycystic ovary syndrome, history of miscarriage and history of intrauterine fetal 

demise. Pregnancy and delivery variables included: gestational week at the first A1C as 

recorded on the medical chart based either on ultrasound or on last menstrual period, GDM 

diagnostic method (3-h OGTT; or GCT or RBG), treatment modality (diet only; or 

glyburide, insulin, metformin or other combination), preterm delivery (delivery at <37 weeks 

gestation) and gestational week at delivery.

Study outcomes

The primary outcomes were LGA defined as birthweight >90th percentile for gestational age 

and sex based on US vital statistics36 and macrosomia defined as birthweight ≥4000 g 

regardless of gestational age.37 Both LGA and macrosomia are considered indicators of 

excess fetal growth.37 Gestational week at delivery was calculated from the date of the last 

visit to the diabetes and pregnancy programme, the date of delivery and the gestational week 

at the last clinic visit. If the gestational week at the last clinic visit was not available, then 

the gestational week at delivery was calculated from the date of the first clinic visit, the date 

of delivery and the gestational week at the first clinic visit (n = 10).

Statistical analysis

Logistic regression was used to examine the association across quartiles of A1C and risk of 

delivering an LGA infant. The primary test was a test for trend of risk of LGA or 

macrosomia across increasing quartiles of A1C. The test for trend was conducted by 

assigning A1C quartile values in ascending order from 1 to 4 and entering A1C quartile into 

the regression model as a continuous variable.38 Similarly, logistic regression was used to 
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examine the association across quartiles of A1C and the risk of macrosomia. Additionally, 

we dichotomised A1C (<5.7%, ≥5.7%), based on the new ADA definition of increased risk 

for diabetes10 and analysed the association between A1C ≥5.7% at GDM diagnosis and 

LGA and macrosomia, respectively, using logistic regression. Finally, we examined A1C as 

a continuous predictor of LGA and macrosomia using logistic regression.

Recognising that an association between A1C and LGA or macrosomia might be strongest 

among women with more severe disease or poor glycaemic control, we conducted a 

sensitivity analysis that included only women who required insulin or oral hypoglycaemic 

agents. Additionally, because of concern regarding the use of definitions for LGA that might 

not be appropriate for Asian Indian women among whom the 90th percentile of birthweight 

for gestational age may be substantially lower,39 we conducted a sensitivity analysis 

excluding women with Asian Indian or other race/ethnicity. Finally, we also examined the 

prevalence of LGA and macrosomia by change in A1C (increased vs. decreased or 

unchanged) among the subset of women who had multiple antenatal A1C measurements 

during their pregnancy.

Potential confounders were retained in the final model if their inclusion resulted in a >10% 

change in the estimate or if they were a priori considered important (non-White race/

ethnicity, pre-pregnancy BMI and gestational week at first A1C). Unadjusted and adjusted 

odds ratios (ORs) are reported with 95% confidence intervals [CI]. All analyses used robust 

standard error estimates and statistical significance was defined at the two-sided alpha level 

of 0.05. All analyses were completed using STATA 9 software.40

Results

We reviewed 1345 charts (701 from Clinic A, 644 from Clinic B) resulting in a final sample 

of 502 women (Figure 1). Out of the 536 women deemed to be eligible for our study, 506 

(94%) had complete birth data including birthweight, date of delivery and infant sex. Those 

with missing birth data did not differ from those with complete information (Table S1). An 

additional four women were missing pre-pregnancy BMI and were excluded from the 

analysis. Overall, 22 (4%) LGA infants and 28 (6%) macrosomic infants were delivered.

Demographic, medical and obstetric history, and pregnancy and delivery characteristics of 

the study population are described in Table 1 by clinic and by A1C quartile at diagnosis of 

GDM. Study participants had an average age of 31 (SD 5.4), 41% were primiparae, 64% 

were of non-White race/ethnicity, 68% were obese or overweight prior to pregnancy, and 

75% were diagnosed with GDM using a 3-h OGTT. Mean gestational age at first A1C was 

30 weeks (SD 5.4), and 71% of the study participants required insulin or oral hypoglycaemic 

agents. Compared with women managed at Clinic A women managed at Clinic B were less 

likely to be primiparae, and more likely to be enrolled in Medicaid or uninsured, to be of 

non-White race/ethnicity, to be overweight or obese prior to pregnancy, to have a prior 

history of GDM or pre-eclampsia, to have higher A1C at diagnosis of GDM and to require 

insulin or hypoglycaemic agents. Similarly, compared with women in the first A1C quartile 

those in successively higher quartiles were less likely to be primiparae, and more likely to be 

enrolled in Medicaid or uninsured, to be of non-White race/ethnicity, to be overweight or 
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obese prior to pregnancy, to have a prior history of GDM and to require insulin or 

hypoglycaemic agents.

After adjustment for clinic, maternal age at GDM diagnosis, parity, non-White race/

ethnicity, pre-pregnancy BMI (kg/m2) and gestational week at first A1C, there was no 

detectable trend of increased risk for LGA (P for trend = 0.12) or macrosomia (P for trend = 

0.20) across increasing quartiles of A1C (Table 2). Notably, compared with women in the 

lowest A1C quartile (4.1–5.3) those in the highest A1C quartile (6.2–10.9) had a nearly 

fourfold increased odds of LGA (OR: 3.60 [95% CI 0.73,17.38]) and an almost threefold 

increased odds of macrosomia (OR: 2.68 [95% CI 0.75, 9.88]), although these associations 

did not reach statistical significance. After adjustment, A1C ≥5.7% was associated with 2.78 

times higher odds of LGA [95% CI 0.82, 9.41] and 1.90 times higher odds of macrosomia 

[95% CI 0.72, 5.02], but these associations did not reach statistical significance (Table 3). 

After adjustment a 1% increase in A1C at diagnosis was associated with 1.40 times higher 

odds of LGA [95% CI 0.81,2.42] and with 1.34 times higher odds of macrosomia [95% CI 

0.81, but these associations did not reach statistical significance.

When we restricted our analysis to women managed with either insulin or oral 

hypoglycaemics after adjustment, we found a slightly stronger association of A1C >5.7 at 

GDM with odds of LGA (OR: 3.90 [95% CI 0.80, 19.02]) and odds of macrosomia (OR: 

2.06 [95% CI 0.69, 6.10]). This was less apparent when A1C was entered into the model as a 

continuous measure (LGA OR: 1.41 [95% CI 0.81, 2.44]; macrosomia OR: 1.37 [95% CI 

0.85, 2.24]).

Excluding women of Asian Indian or other race/ethnicity we found a statistically significant 

trend of increased risk of LGA across increasing A1C quartiles (P for trend = 0.01) and a 

similar trend of increased risk of macrosomia (P for trend = 0.05). After adjusting for clinic, 

maternal age at GDM diagnosis, parity, non-White race/ethnicity, pre-pregnancy BMI 

(kg/m2) and gestational week at first A1C, we found that those in the second quartile had a 

1.04 times higher risk of LGA compared with women in the first A1C quartile [95% CI 

0.18, 6.00], those in the third quartile had a 4.28 times higher risk of LGA compared with 

women in the first A1C quartile [95% CI 1.22,15.04], and those in the fourth quartiles had a 

7.38 times higher risk of LGA compared with women in the first A1C quartile [95% CI 

1.45, 37.51]. After adjustment, those in the second quartile had a 0.66 times lower risk of 

macrosomia compared with women in the first A1C quartile [95% 0.17, 2.66], those in the 

third quartile had a 1.21 times higher risk of macrosomia compared with women in the first 

A1C quartile [95% CI 0.40, 3.59], and those in the fourth quartile had a 4.29 times higher 

risk of macrosomia compared with women in the first A1C quartile [95% CI 1.13, 16.33].

Among the women in our population who had multiple antenatal A1C measurements after 

GDM diagnosis (n = 340), the prevalences of LGA and macrosomia were higher among 

those whose A1C increased (n = 169) compared with those whose A1C decreased or 

remained unchanged (n = 171) (LGA 6% vs. 3%; macrosomia 7% vs. 5%).
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Discussion

This study found no detectable trend of increased odds of LGA or macrosomia across 

increasing quartiles of A1C at diagnosis of GDM, nor was there an association between A1C 

≥5.7% at diagnosis of GDM and LGA or macrosomia. However, there was limited evidence 

of a two- to fourfold increased odds of LGA and macrosomia among women in the highest 

quartile of A1C at diagnosis [range 6.2, 10.9] compared with women in the lowest A1C 

quartile [range 4.1, 5.3], and a trend between increased risk of LGA and macrosomia 

associated with increasing A1C quartile at diagnosis of GDM was detected when women of 

Asian Indian or other race/ethnicity were excluded from the study population.

The prevalences of LGA (4%) and macrosomia (6%) in our study population were lower 

than the 13% prevalence of LGA and 10% prevalence of macrosomia reported in the 

treatment arm of the Australian Carbohydrate Intolerance Study in Pregnant Women 

(ACHOIS).7 Notably, ACHOIS included women with lesser degrees of glucose intolerance 

in pregnancy than those in our study. However, the treatment goals in our study population 

were more aggressive than those used in ACHOIS. Specifically, in our study population, 

prior to initiation of insulin or oral hypoglycaemic agents the target values for fasting 

glucose and 1-h postprandial glucose were <90mg/dL (<5 mmol/L) and <120mg/dL (<6.66 

mmol/L) respectively. In the ACHOIS trial glucose targets were fasting glucose 63–99 

mg/dL (3.50–5.50 mmol/L) and 2-h postprandial glucose <126 mg/dL (<6.99 mmol/L).7 

The aggressive clinical management of hyperglycaemia in our study population may explain 

the lower than expected prevalence of LGA and macrosomia.

Any association between A1C at GDM diagnosis and LGA may be mediated or modified by 

glycaemic control during the third trimester, which may explain our null findings. Previous 

studies indicate that the association between A1C and birthweight may be strongest when 

A1C is measured after management of GDM has commenced.25,41–43 We found indirect 

evidence of this in our study population. Women who require insulin or oral hypoglycaemic 

agents may constitute a population with poor glycaemic control, and when we included only 

women who required insulin or oral hypoglycaemic agents in our analysis we found a 

slightly stronger association between A1C ≥5.7% and LGA and macrosomia that 

approached statistical significance. A subset of women in our population had multiple A1C 

measurements after GDM diagnosis, and among those whose A1C increased between 

diagnosis and delivery, the prevalence of LGA and macrosomia was higher than among 

those whose A1C decreased or remained unchanged.

Our inability to detect an association between A1C at GDM diagnosis and risk of LGA or 

macrosomia may also be due to the definition of outcome. LGA and macrosomia are 

markers of excessive fetal growth and adiposity, which may be better measured by infant 

body composition.44 Other anthropometric measures, which were not available in the 

medical records, including accurate measures of lean body mass and fat mass, might have a 

more reliable association with maternal A1C at GDM diagnosis. For example, Catalano et 
al. reported in a study of 95 women with GDM and 220 without GDM that while mean 

infant birthweights were comparable between the two groups (3398 g vs. 3337 g, P = 0.26), 

the infants of women with GDM had greater fat mass compared with those without GDM 
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(436 g vs. 362 g, P < 0.001).45 Additionally, we did not use race/ethnicity-specific growth 

curves for defining LGA, and therefore it is possible that there may have been 

misclassification of LGA particularly among women of Asian Indian descent.39 When we 

limited our analysis to White, African American and Hispanic women, we began to see 

statistically significant trends of increased risk for LGA and macrosomia across increasing 

quartiles of A1C.

Finally, there is increasing evidence that obesity24 and fuels other than glucose, including 

triglycerides,46 may be important risk factors for the development of LGA and macrosomia.
47 Therefore, particularly in a patient population with very tight glycaemic control, other 

factors including maternal pre-pregnancy obesity and high triglycerides may be more 

strongly associated with the risk of LGA or macrosomia than A1C at diagnosis of GDM.

This study had several important strengths including the diversity of the population and 

application of strict inclusion criteria. Over 60% of women in this study were of non-White 

race/ethnicity. Additionally, we restricted our analysis to women diagnosed with GDM at 

≥24 weeks gestation. Women diagnosed earlier in pregnancy are managed for 

hyperglycaemia for a greater proportion of their pregnancy and therefore, even if they have 

higher A1C at diagnosis, may achieve greater glycaemic control and be at lower risk of LGA 

compared with women diagnosed at 24 weeks gestation,48 the time at which most women 

are screened for GDM.

A key limitation to the current study was the lower than expected incidence of LGA and 

macrosomic infants. This may be due to the aggressive management of hyperglycaemia 

within the two clinics or the use of a non-race/ethnicity-specific definition of LGA. Our 

study was also conducted in a single diabetes and pregnancy programme and, despite the 

diversity of our sample, our results may not be generalisable outside this population, 

particularly given the aggressive clinical management of GDM in our study.

A1C at GDM diagnosis may not be associated with risk of LGA or macrosomia; however, 

this may be dependent on the growth curves used for defining LGA. Particularly in a clinical 

setting where aggressive goals for maternal glycaemic control are implemented, the impact 

of the severity of hyperglycaemia at GDM diagnosis on fetal growth may be mediated by 

glycaemic control in the third trimester. These findings highlight the importance of 

glycaemic control in lowering the risk of LGA or macrosomia among women with GDM. 

Future studies using larger populations and repeated measures of maternal glycaemia and 

fetal growth are needed to replicate these findings and explore possible mechanisms, which 

might explain some of the observed differences in subgroups.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Exclusions based on maternal and pregnancy characteristics. T2DM, type 2 diabetes 

mellitus; T1DM, type 1 diabetes mellitus; GDM, gestational diabetes mellitus; A1C, 

haemoglobin A1c; HbS, sickle cell haemoglobin; OGTT, oral glucose tolerance test.
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