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Abstract
Background: The value of performing glycated haemoglobin (HbA1c) at a late stage of pregnancy to assess
glycaemic status for women with gestational diabetes (GDM) is unclear, and the correlation between HbA1c and
blood glucose level (BGL) in women with GDM is unknown. This study examined the association between 36 week
HbA1c and BGL readings from daily blood glucose monitoring over the previous 28 day period.
Methods: HbA1c was measured in 120 consecutive women with GDM at 36 week’s gestation and their
glycaemic profiles from self-monitoring of BGL in the previous 4 weeks were documented.
Results: HbA1c performed at 36 weeks was found to have weak correlation with capillary BGLs: with mean
fasting BGL (R2=0.0624, p=0.006) and with mean post-prandial BGL (R2=0.1117, p=0.001) in the prior 28 days.
When the 36 week HbA1c was divided into quartiles, women in the higher HbA1c quartiles had greater proportion of
their BGLs above 2 sets of treatment targets (target 1: fasting BGL<5.5, 2 h post-prandial BGL<7.0 mmol/L; and
target 2: fasting BGL<5.3 mmol/L and 2 h post-prandial BGL<6.7 mmol/L). For women on diet control, the
percentage of women with >20% of their BGLs that exceeded treatment targets (which would indicate need for
insulin therapy at our institution) increased across HbA1c quartiles in a stepwise fashion.
Conclusion: HbA1c will not replace BGL monitoring in women with GDM, but may be a useful supportive tool to
assess glycaemic status, especially in women who perform limited BGL monitoring.

Keywords: Gestational diabetes mellitus; Glycated haemoglobin;
Glycaemic profile; Compliance; Glucose monitoring

Introduction
In women with type 1 or type 2 diabetes mellitus, elevated glycated
haemoglobin (HbA1c) in early pregnancy is a predictor for adverse
pregnancy outcomes [1,2]. However, the value of measuring HbA1c at
a later stage of pregnancy in women with gestational diabetes mellitus
(GDM) is controversial. A recent study had demonstrated that HbA1c,
either at the time of diagnosis of GDM or towards the end of
pregnancy, were both associated with adverse pregnancy outcomes [3].
There is little utility of diagnosing GDM using HbA1c, as there is a
considerable overlap between GDM and women with normal glucose
tolerance [4]. Self-monitoring of blood glucose (SMBG) is the
recommended tool for assessing glycaemic status in a woman with
GDM. Although the American Diabetes Association and the
Australian Diabetes in Pregnancy Society have not recommended
measuring HbA1c as part of management of GDM [5,6], some
clinicians still routinely perform HbA1c in women with GDM, in
addition to SMBG.
The aim of this study is to assess whether HbA1c adequately reflects
the glycaemic profile of women with GDM.
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Materials and Methods
At this institution, all pregnant women undergo 75 g oral glucose
tolerance test at 26-28 week’s gestation. GDM is diagnosed when
fasting glucose ≥ 5.5 mmol/L or if the 2 h glucose ≥ 8.0 mml/L. HbA1c
was routinely measured at 36 week’s gestation for women with GDM.
Women with GDM were asked to perform SMBG using a blood
glucose meter (Freestyle Freedom Lite, Alameda, CA, USA). At this
institution, the fasting glucose target was set at 3.5-5.4 mmol/L while
the 2 h post-prandial glucose target was 3.5-6.9 mmol/L.
Between June and December 2015, the glycaemic profiles of 120
consecutive women with GDM at 36 weeks’ gestation attending the
antenatal clinic were assessed, and their fasting as well as the 2 h postprandial blood glucose levels (BGLs) in the previous 4 weeks was
documented. All BGL readings were derived from the woman’s blood
glucose meter.
Regression analysis was used to compare relationship between
HbA1c and glucose parameters. A p-value of <0.05 was considered
statistically significant.
Informed consent was obtained from the women and the study was
approved by South Western Sydney Local Health District Human
Research Ethics Committee.
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Results
The mean HbA1c of the women at 36 weeks’ gestation was 5.6 ±
0.6% (38 ± 7 mmol/mol) and all had haemoglobin levels above 110 g/L.
The women had a mean age of 32.8 ± 5.4 years, with a mean body mass
index (BMI) of 27.9 ± 6.5 kg/m2 and 52 of them (43.3%) required
insulin therapy. The age, BMI and insulin requiring rate for our cohort
was not different from other women with GDM at this institution in
the past 5 years.

HbA1c at 36 weeks’ gestation was not associated with the women's
age, BMI or presence of family history of diabetes. Women who were
on insulin therapy had a higher HbA1c than those who are on diet
control (5.8 ± 0.7 [40 ± 8 mmol/mol] vs. 5.5 ± 0.4% [37 ± 4 mmol/
mol], p=0.017).
From data extracted from the glucose meter, the mean fasting BGL
was 5.1 ± 0.6 mmol/L while the mean post-prandial BGL was 6.1 ± 0.6
mmol/L (combination of post-breakfast, post-lunch and post-dinner
readings). There were only a total of 10 BGL readings that were below
3.5 mmol/L, but all were above 3.0 mmol/L.
The 36 week HbA1c was found to have a positive but weak
correlation with the women’s overall mean BGL over the prior 28 days,
their mean fasting BGLs or the mean post-prandial BGLs over the
same period (Figure 1). Removal of the outliers (HbA1c 8.1% [65
mmol/mol] and 7.7% [61 mmol/mol]) did not alter the association of
HbA1c with BGLs.
Using treatment targets of 3.5-5.4 mmol/L for fasting BGL and
3.5-6.9 mmol/L for 2 h post-prandial BGL (Target 1), the mean
proportion of BGLs above treatment targets for each woman was 17.3
± 16.0%.
When HbA1c values were divided into quartiles [Quartile 1, <5.2%
(<33 mmol/mol); Quartile 2, 5.2-5.5% (33-37 mmol/mol); Quartile 3,
5.6-5.9% (38-41 mmol/mol) and Quartile 4, >5.9% (>41 mmol/mol)],
there was step-wise increase in the proportion of BGLs above
treatment targets for subject across the HbA1c quartiles (12.9, 13.6,
18.6 and 23.7%, p=0.003).
Using another set of glucose targets that were more stringent
(fasting BGL 3.5-5.2 mmol/L and 2 h post-prandial BGL 3.5-6.6
mmol/L – Target 2), there was similar increase in the proportion of
BGLs above these targets from quartile 1 to quartile 4 (20.8, 22.1, 30.1,
35.3%, p<0.001).
At this institution, insulin therapy is often initiated when >20% of
BGLs are above targets. In this cohort, amongst women with GDM
who were on diet control only (n=68), the percentage of women with
over 20% of BGLs above targets (for both Targets 1 and 2) increased
across the HbA1c quartiles (Table 1).

Figure 1: Association between glycated haemoglobin (HbA1c) at 36
weeks gestation and blood glucose levels (BGL).
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Fasting BGL 3.5-5.2 mmol/L or 2 h post-prandial BGL 3.5-6.6
mmol/L
4 (22.2)

13 (48.2)

5 (55.6)

8 (57.2)

0.049

Table 1: For women on diet control, number and percentage of women with >20% of their blood glucose levels (BGLs) above 2 sets of glucose
targets, according to the different glycated hemoglobin (HbA1c) quartiles (Quartile 1: HbA1c<5.2% (<33 mmol/mol); Quartile 2: HbA1c
5.2-5.5% (33-37 mmol/mol); Quartile 3: HbA1c 5.6-5.9% (38-41 mmol/mol); Quartile 4: HbA1c >5.9% (>41 mmol/mol)).

Discussion

Limitations

Currently, regular SMBG is the standard tool for assessing
glycaemic profile in women with GDM. Women with GDM usually
have to perform 4 BGL readings a day and although compliance to
SMBG is generally good, some women are unable to fulfil this task. For
women with GDM, falsification of BGLs on logbooks is well known,
with over 20% of BGLs not accurately documented in one study [7].
Sometimes when obstetric ultrasound demonstrates macrosomia or
polyhydramnios – features that may suggest suboptimal maternal
glycaemic control, it would be invaluable to have an alternate way to
assess glycaemic status of the women rather than relying solely on their
BGL records from SMBG. The use of continuous glucose monitoring
system is a promising tool, but it is expensive and may not be
acceptable for some pregnant women [8,9].

There are some limitations with this study. First, only BGLs over the
previous 28 days period were recorded, but HbA1c may reflect
glycaemic profile for a longer period of time in pregnancy. Secondly,
the study did not take into account of women who had varying glucose
profiles during the 28 days. Some women may have suboptimal
glycaemic control in the first 2 weeks but had better BGLs in the
subsequent 2 weeks due to improvement in diet and introduction of
insulin therapy. How that may impact on HbA1c is unclear.
Furthermore, the relationship between BGLs and HbA1c performed at
an earlier gestational age could not be inferred from this study. Finally,
the validity of HbA1c in women with haemoglobinopathy, haemolysis,
anaemia, or iron deficiency during pregnancy could not be confirmed.

To date, various guidelines for managing GDM have not
recommended using HbA1c to assess the level of glycaemic control
during pregnancy [5,6]. Indeed, HbA1c is often interpreted with
caution when measured during pregnancy, as pregnant women are
prone to anaemia and iron deficiency. The normal range for HbA1c
during pregnancy is also not clearly defined, and is thought to change
across trimesters [10]. For women who do not have pre-existing
diabetes, a few studies had looked at the relationship between HbA1c
and pregnancy outcomes. In a Spanish study of over 2000 women with
GDM, those with third-trimester HbA1c above 5.0% had a greater risk
for large-for-gestational-age neonates and other neonatal
complications [11]. Similarly, in an Australian study of women with
GDM, elevated HbA1c at diagnosis of GDM as well as at 36 weeks
were both predictors of macrosomia and neonatal hypoglycaemia [3].
Rather than to examine the association between HbA1c and clinical
outcomes in pregnancy, the aim of this study is to assess how HbA1c
correlates with BGLs for women with GDM in third trimester. In the
literature, there is little information on the relationship between BGLs
from SMBG and HbA1c in this population. There were studies that
assessed the association between glucose levels on OGTT and HbA1c,
and the relationship has not been clear [12]. In this study, 36 week
HbA1c was found to have only a weak association with the mean,
fasting as well as post-prandial BGLs from blood glucose monitoring
over the previous 4 week period. However, women in the higher
HbA1c quartiles had greater proportion of BGLs that exceeded
treatment targets. The patterns were similar when 2 different sets of
treatment targets were used. Although it would be difficult to initiate
insulin therapy or titrate insulin doses based on elevated HbA1c alone
(without adequate BGL readings), it may be reasonable to consider
alternate therapy such as metformin in these women, especially when
their HbA1c is above 5.9% (41 mmol/mol), the highest HbA1c quartile
in this study. In women who are non-compliant with SMBG, an
elevated HbA1c may be taken into consideration when planning the
timing of delivery in conjunction with other maternal/fetal factors.
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Conclusion
In conclusion, this study showed that 36 week HbA1c has weak
association with fasting and/or post-prandial BGLs, but an elevated
HbA1c can identify women who have more glucose readings that
exceed treatment targets in the previous 4 weeks. Although HbA1c
cannot replace SMBG, it can still provide useful information for
clinicians, especially when the woman is not reliable in performing
glucose monitoring.
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