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Abstract Outside pregnancy, HbA1c analysis is used for
monitoring, screening for and diagnosing diabetes and predi-
abetes. During pregnancy, the role for HbA1c analysis is not
yet established. Physiological changes lower HbA1c levels,
and pregnancy-specific reference ranges may need to be
recognised. Other factors that influence HbA1c are also im-
portant to consider, particularly since emerging data suggest
that, in early pregnancy, HbA1c elevations close to the refer-
ence range may both identify women with underlying
hyperglycaemia and be associated with adverse pregnancy
outcomes. In later pregnancy, HbA1c analysis is less useful
than an oral glucose tolerance test (OGTT) at detecting gesta-
tional diabetes. Postpartum, HbA1c analysis detects fewer
women with abnormal glucose tolerance than an OGTT, but
the ease of testing may improve follow-up rates and combin-
ing HbA1c analysis with fasting plasma glucose or waist

circumference may improve detection rates. This article dis-
cusses the relevance of HbA1c testing at different stages of
pregnancy.
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Introduction

HbA1c analysis was recently endorsed as a screening test
for unrecognised diabetes in both the general population
and in early pregnancy [1–3]. HbA1c analysis is more
convenient and more reproducible with less pre-
analytical error than measures of blood glucose. We know
from pregnancy data in women with pre-existing diabetes,
that strict glucose control and HbA1c levels as close to
normal as possible improve pregnancy outcomes. Howev-
er, when considering HbA1c as a screening test in early
pregnancy to detect significant glucose elevations in
women without known diabetes, there are few data to
inform clinicians as to what HbA1c threshold should be
used for intervention. As the relationship between mea-
sures of glycaemia and adverse pregnancy outcomes is a
continuum, any HbA1c threshold recommended for inter-
vention will probably be reached by consensus [4]. In
addition to early HbA1c testing, there is interest in explor-
ing the value of measuring HbA1c at other stages during
pregnancy and for postpartum follow-up in women with a
diagnosis of gestational diabetes (GDM). In this review,
we examine the published data and identify the pitfalls
and potential uses of HbA1c analysis at each stage of
pregnancy and postpartum.
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Factors Affecting the Applicability of HbA1c
as a Diagnostic Test

The accuracy of HbA1c as a measure of an individual’s level
of glycaemia is affected primarily by conditions that affect red
blood cell survival time or non-enzymatic glycation of
haemoglobin [5]. A reduced red blood cell survival time will
lower the HbA1c level and may lead to a false negative result,
for example in any haemolytic anaemia, chronic renal failure,
severe liver disease and anaemia of chronic disease. HbA1c
levels also fall in most women in early pregnancy, which is
thought to relate to increased red cell production and a de-
crease in fasting blood glucose levels [6, 7].

An important factor that influences HbA1c levels is iron
deficiency, which becomes more common during pregnancy.
Whether there is an associated anaemia and whether iron re-
placement is underway are also considerations, all of which
were reviewed recently [8]. Iron deficiency may prolong red
cell survival and increase HbA1c levels [9]. Studies in both
non-pregnant and pregnant populations show that iron defi-
ciency can lead to a 1–1.5 % relative rise in HbA1c, or an
absolute increase of 1–2 mmol/mol (0.1–0.2 %), which falls
after treatment hypothesised to be due to an associated in-
crease in immature red cells [10, 11•]. Within the National
Health and Nutrition Examination Survey (NHANES) from
1999 to 2006, healthy women (n=6666) aged 18 years or
older underwent studies of iron parameters, haemoglobin
and HbA1c [12]; 13.7 % had iron deficiency and 4.0 % had
iron deficiency anaemia. After adjustment for other factors,
iron deficiency was associated with a small upward shift in
HbA1c at lower levels, so there was a greater odds of having
an HbA1c ≥37mmol/mol (5.5 %), odds ratio (OR) 1.39 (95%
confidence interval (CI) 1.11–1.73), but no greater odds of
HbA1c ≥6.5 % (48 mmol/mol), OR 0.79 (0.33–1.85). In preg-
nancy, iron status may be relevant for some individuals whose
HbA1c level is close to a referral threshold.

Congenital variants of the haemoglobin molecule
(haemoglobinopathies), which may be relatively common in
certain ethnic communities (e.g. African, Mediterranean), af-
fect the HbA1c result, principally due to interference with the
laboratory measurement of HbA1c (usually lowering the re-
sult). Susceptibility to interference varies between methodol-
ogies, and the National Glycohemoglobin Standardization
Program (NGSP) provides a summary of the effect of com-
mon haemoglobinopathies on measurement of HbA1c levels
using various methods [13]. However, any HbA1c result that
is not consistent with clinical expectations, or the results of
self-monitored capillary blood glucose readings, should alert
the medical practitioner to consider a potential problem. Some
methodologies for HbA1c measurement (such as boronate
affinity chromatography) are less susceptible to the effects of
haemoglobinopathies and should be considered in populations
with a higher prevalence of haemoglobinopathies or as an

additional test when one is suspected. A diagnosis of abnor-
mal haemoglobin should also be confirmed by appropriate
investigations. Some recommendations indicate that if a
haemoglobin variant is suspected, then HbA1c is not an ap-
propriate diagnostic test and glucose-based criteria should be
preferred [14].

Ethnic Variations in HbA1c

There are data reporting different HbA1c ranges between
some ethnic groups. In the USA, data suggest that African
Americans have higher HbA1c values than Mexicans and
non-Hispanic Whites [15]. In groups with similar glucose tol-
erance by glucose measures, the mean HbA1c levels were
4 mmol/mol (0.4 %) higher in African American and
3 mmol/mol (0.3 %) higher in Asian compared with Cauca-
sian women [16]. Similarly, in the UK, South Asians had an
HbA1c measure 2 mmol/mol (0.2 %) higher than white Euro-
peans [17, 18]. It is not known whether these ethnic variations
relate to differences in the prevalence of conditions affecting
erythrocyte turnover, genetic glycation differences, or differ-
ences in glycaemia that are not represented by the fasting and
2-h plasma glucose levels of the oral glucose tolerance test
(OGTT). Studies incorporating additional glucose measures
and clinical outcomes will answer this in the future. This issue
also brings into consideration the presumption that the OGTT
is a gold standard for diagnosis, which may not necessarily be
the case.

Amongst other caveats, the HbA1c assay also needs to be
reliable and consistent across different centres. In a recent
Australian study, from whole blood samples sent to more than
200 laboratories, more than 90 % of HbA1c results fell within
6 % of the median and further improvements in comparability
of HbA1c measurements may be expected [19].

HbA1c Reference Range in Pregnancy

HbA1c measurement during pregnancy is typically used to
monitor control in women with pre-existing diabetes. Recent-
ly, HbA1c analysis has been introduced to screen for
unrecognised pre-existing diabetes at the first antenatal visit.
There is also interest in finding an HbA1c threshold that is
useful for intervention, so understanding pregnancy-specific
reference ranges is important.

From early in the first trimester, HbA1c levels fall, reaching
a nadir in the early second trimester [7] when levels are con-
sistently reported as lower than in non-pregnant controls as
summarised in Table 1 [20–26]. It appears that in Caucasian
and Japanese women, an HbA1c level above 39 mmol/mol
(5.7 %) should be considered elevated in the first and second
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trimesters of pregnancy. Further data are required in other
ethnic groups.

In later pregnancy, reported reference ranges vary
(Table 1). This inconsistency may be contributed to by differ-
ences in both the iron status between groups and the method-
ology of excluding women with GDM.

HbA1c and Pregnancy Outcomes

Periconceptual and First Trimester HbA1c Levels

Most data reporting peri-conception and first trimester mea-
surements of HbA1c and pregnancy outcomes come from
studies of women with pre-existing diabetes. Based on these
data, guidelines recommend that women should aim for glu-
cose levels as close to normal as possible peri-conception [3,
27]. There are only a few reports of pregnancy outcomes in
women with prediabetes, or in women without known diabe-
tes, who had an early pregnancy HbA1c measurement.

Women with pre-existing diabetes have increased risks of
perinatal loss, which is associated with the degree of HbA1c
elevation at conception and through pregnancy [25, 28–32].
Additional factors are likely to contribute to some losses, par-
ticularly in women with type 2 diabetes who are more likely to
be obese and may have socio-economic factors contributing to
poor pregnancy outcomes [33, 34].

A significant proportion of perinatal losses relate to
congenital anomalies. A review of studies reporting an
association between risk of congenital anomaly and peri-
conception HbA1c levels showed a direct relationship be-
tween HbA1c level and risk [35]. A linear relationship
down to an HbA1c of 45 mmol/mol (6.3 %) has been
demonstrated in a more recent large study [36•], with an
absolute increase in risk of anomaly of 2 % with every
11 mmol/mol (1 %) increase in HbA1c. The authors noted
that this relationship may continue with lower HbA1c
levels, but the number of women with an HbA1c below
45 mmol/mol (6.3 %) was too small to assess this. In a
study of women without known diabetes who had an
HbA1c measured in early pregnancy, those with an
HbA1c of 41–46 mmol/mol (5.9–6.4 %) had higher rates
of major congenital anomaly compared with women
whose HbA1c was lower (relative risk (RR) 2.67; 95 %
CI 1.28–5.53), though this finding was not adjusted for
other possible factors, such as maternal body mass index
(BMI) [37•].

The HbA1c level in early pregnancy is also associated with
other pregnancy outcomes. In a study of 1505 women with
known diabetes, when analysing birth weight as a continuous
measure, increasing peri-conception HbA1c was independent-
ly associated with lower birth weight [38•]. The authors sug-
gest that, as hyperglycaemia interferes with trophoblast

proliferation and invasion, poor placentation may limit later
growth [38•, 39]. This theory may also explain the reported
independent association between an elevated HbA1c in early
pregnancy and risk of preeclampsia in women with type 1
diabetes [40]. Women without known diabetes who had an
early HbA1c of 41–46 mmol/mol (5.9–6.4 %) and who were
not subsequently diagnosed with GDM, had increased unad-
justed risks of preeclampsia, preterm birth, shoulder dystocia
and perinatal loss compared with women with lower HbA1c
[37•]. Some of these pregnancy outcomes are likely to be
influenced by continuing glucose elevations beyond the first
trimester.

Second and Third Trimester HbA1c Levels

Studies in women with pre-existing diabetes demonstrate that
higher HbA1c levels in the second and third trimesters relate
to pregnancy outcomes such as perinatal death [30, 41], pre-
eclampsia [40, 41], macrosomia [41–44] and preterm birth
[41]. In a prospective study of 725 women with type 1 diabe-
tes, women with an HbA1c <42 mmol/mol (6 %) at 26 and
34 weeks were used as the reference group and outcomes of
women with higher HbA1c levels were compared [45•].
Women with an HbA1c of 42–46 mmol/mol (6.0–6.4 %) at
26 weeks, had an increased risk of delivering a large for ges-
tational age (LGA) baby, adjusted OR 1.7 (95 % CI 1.0–3.0),
and those with an HbA1c of 48–52 mmol/mol (6.5–6.9 %)
were at increased risk of preterm birth (OR 2.5; 95 % CI 1.3–
4.8), preeclampsia (OR 4.3; 95 % CI 1.7–10.8) and neonatal
hypoglycaemia requiring a glucose infusion (OR 2.9; 95% CI
1.5–5.6). These risks increased further with increasing HbA1c
levels. There was a similar relationship with HbA1c and out-
comes at 34 weeks gestation. These data support tight glucose
control through pregnancy, aiming for an HbA1c as close to
the reference range as possible.

In women with known diabetes, there is a complex
association between a third trimester HbA1c level and
birth weight, as there is an interaction with the peri-
conception HbA1c level. The study reporting that high
peri-conception HbA1c levels independently predicted
lower birth weight also found that an increasing third
trimester HbA1c value up to 53 mmol/mol (7 %) was
independently associated with higher birth weight. How-
ever, there was no association found for third trimester
HbA1c values above 53 mmol/mol (7 %) when analysing
birth weight as a continuous measure. This suggests that
in women with a high early pregnancy HbA1c level, an
‘appropriately grown’ foetus by third trimester ultrasound
scan should not necessarily be seen as reassuring.

For women with GDM, a number of centres measure
HbA1c at the time of diagnosis and again at 36–37 weeks
gestation and use this information to gauge glycaemic control
and level of risk. In a small study of women with GDM who
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all had HbA1c ≤42mmol/mol (6%) at diagnosis, womenwith
an HbA1c >34 mmol/mol (5.3 %) either at diagnosis or in late
pregnancy, had a twofold increased risk of adverse outcomes
(which included pregnancy hypertension, abnormal liquor
volume, LGA and neonatal morbidity) [46]. The risk was
highest in women with an HbA1c >34 mmol/mol (5.3 %)
in late pregnancy. A number of studies have examined the
relationship between HbA1c level at diagnosis of GDM
and risk of LGA and results are varied, some finding an
association [47, 48] and others not [49]. In the metformin
in gestational diabetes (MiG) trial, the HbA1c at recruit-
ment (mean (standard deviation (SD)) 40 (6)mmol/mol
(5.8 (0.7)%)) was also associated with risk of preeclamp-
sia [48, 50]. Trials have shown that treating women with
GDM reduces the risk of LGA and preeclampsia [51, 52],
which may explain the variable association between
HbA1c at diagnosis and these outcomes. Gestation at di-
agnosis and adherence to treatment are likely factors, and
it may be that a later measure of HbA1c in women with
GDM is a better marker of risk.

There are also outcome data relating to HbA1c measure-
ments in the second or early third trimester in women with risk
factors for GDM but without an OGTT diagnosis. In women
with a positive initial screen for GDM but normal OGTT,
maternal BMI and HbA1c at the time of the OGTT predicted
birth weight but weight gain and fasting glucose did not [53].
In a UK study, pregnancy outcomes were compared in low
risk women who were not screened for GDM (n=32,198) and
in women with risk factors who were screened with an OGTT
and HbA1c at 28 weeks (n = 7577). Logistic regression
showed that high-risk women with a negative OGTT had
higher rates of macrosomia and that a subgroup of them with
an HbA1c ≥42mmol/mol (6%) (n=157) also had higher rates
of preterm birth (OR 1.63 (1.02–2.61)) and stillbirth (OR 4.87
(1.78–13.29) than the low risk group [54]. Finally, HbA1c
was analysed at delivery in a small study of obese women
who did not have GDM by The International Association of
the Diabetes and Pregnancy Study Groups (IADPSG) criteria.
An HbA1c at delivery ≥39 mmol/mol (5.7 %) was associated
with increased risk of LGA infants (OR 3.1 [95 % CI 1.2–
7.6]) and neonatal hypoglycaemia (6.2 [1.3–29]) compared
with similar obese women with a lower HbA1c [55].

HbA1c levels were also analysed in the Hyperglycaemia
and Adverse Pregnancy Outcomes (HAPO) study, which ex-
amined the relationship between glycaemia measures at
28 weeks and pregnancy outcomes. HbA1c values (mean
(SD) 29 (4)mmol/mol, 4.8 (0.4)%), measured in over 21,
000women, were predictive of pregnancy outcomes, although
less so than glucose measures [4].

These data raise questions for further research, to determine
whether measuring HbA1c at different stages of pregnancy
can provide important information to guide clinical practice
and improve pregnancy outcomes.

HbA1c as a Screening Test

HbA1c analysis may be appropriate to detect women who
enter pregnancy with underlying hyperglycaemia but less use-
ful for detecting women who develop GDM in later pregnan-
cy. Unfortunately, the terminology used to describe different
degrees of hyperglycaemia in pregnancy does not readily dis-
tinguish between these two different clinical entities, so it can
create confusion. In general, GDM has been used as an um-
brella term for any degree of hyperglycaemia identified in
pregnancy. More recently, the WHO, IADPSG and others
have added a term ‘overt diabetes’ or ‘diabetes in pregnancy’
to define women with glucose elevations in pregnancy that
meet non-pregnancy definitions for diabetes. An early preg-
nancy screen for pre-existing diabetes is recommended and, as
a result, women with lesser degrees of hyperglycaemia, such
as prediabetes, will be identified. Often these women are la-
belled as having GDM, but they differ from women who de-
velop GDM in the second half of pregnancy. For the purposes
of this review, we use the terms ‘early GDM’ to describe
women who enter pregnancy with pre-existing glucose eleva-
tions below the threshold used to define diabetes and ‘later
GDM’ to describe womenwho develop hyperglycaemia in the
second half of pregnancy.

It is not yet clear if in early pregnancy, women meeting
IADPSG OGTT criteria for GDM, or women with elevated
HbA1c levels below the threshold for diagnosis of ‘diabetes’,
benefit from early intervention. The ADA state that GDM
should only be diagnosed in the second and third trimesters
of pregnancy.

HbA1c in Early Pregnancy: for Unrecognised Pre-existing
Diabetes and ‘Early GDM’

When HbA1c was endorsed as a potential screening test, a
non-pregnancy threshold was recommended to define diabe-
tes (48 mmol/mol (6.5 %)) in pregnancy [2, 3]. However, do
the HbA1c thresholds used for classifying diabetes outside of
pregnancy apply given that HbA1c levels drop significantly in
early pregnancy? In addition, there is currently no recom-
mended or accepted HbA1c threshold to define ‘early GDM’.

A large observational study examined the performance of
an early pregnancy HbA1c [37•]. The optimal HbA1c thresh-
old to detect women who had a diagnosis of diabetes by
OGTT (fasting≥7 mmol/L, 126 mg/dl or 2 h≥11.1 mmol/L,
200 mg/dl) before 20 weeks was reported as 41 mmol/mol
(5.9 %). This HbA1c threshold detected all cases of diabetes
and was highly specific 98.4 % (95 % CI 97–99 %) for ‘early
GDM’ by IADPSG OGTT criteria. Applying an HbA1c
threshold of 48 mmol/mol (6.5 %) to this cohort missed
47 % of women with undiagnosed diabetes.

There are reports of significant hyperglycaemia in women
with early pregnancy HbA1c levels within the threshold used
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to define prediabetes outside pregnancy. In small studies of
women referred for blood sugar monitoring and lifestyle in-
tervention because of an isolated elevated HbA1c, approxi-
mately 50 % with an HbA1c ≥39 mmol/mol (5.7 %) [56•],
and >90 % with HbA1c ≥41 mmol/mol (5.9 %) [57, 58•],
required pharmacotherapy (mostly initiated before 21 weeks
gestation) to maintain euglycaemia. However, does this ear-
ly intervention translate into improved outcomes? Large
RCTs are required to provide answers, but emerging data
suggests that intervention before 20–24 weeks may im-
prove outcomes, with reported lower rates of preeclampsia
[59]. The authors speculated that a larger study might also
show a reduction in preterm birth. A preliminary report
from a small RCT showed improved glycaemia in later
pregnancy with early intervention [60]. It is interesting that
preeclampsia, preterm birth, and caesarean section, were
the HAPO study outcomes that were still associated with
the 28-week HbA1c level after adjustment for glucose
measures and the authors speculated that these outcomes
might be most influenced by earlier glycaemia [61].

In early pregnancy, there should be no need to per-
form confirmatory OGTTs in women who are identified
to have hyperglycaemia by HbA1c and it may just cre-
ate a dilemma as to which test to act on. In a multi-
ethnic population of women referred to a diabetes in
pregnancy clinic, there was a subgroup with an HbA1c
≥41 mmol/mol (5.9 %) but non-diagnostic OGTT. The
HbA1c predicted significant hyperglycaemia, as con-
firmed by subsequent capillary glucose monitoring and
the need for medication [58•].

HbA1c in Early Pregnancy: as a Predictor for an OGTT
Diagnosis of ‘Later GDM’

In these studies, the focus is not on detecting hyperglycaemia
per se but how the HbA1c predicts a diagnostic OGTT in early
or later pregnancy. These studies confirm that most women with

‘later GDM’ do not have an elevated HbA1c in early pregnancy
[37•, 59, 62], so the 24–28-week OGTT is still required.

For ‘early GDM’, HbA1c levels of 40–42 mmol/mol
(5.8–6.0 %) are reported to have a high specificity and
positive predictive value for detecting women who meet
OGTT criteria for GDM at some stage in pregnancy [37•,
63–65]. These data provide further evidence to suggest
there may be a useful HbA1c threshold above which an
OGTT is not required.

For ‘later GDM’, early pregnancy HbA1c levels positively
correlate with risk [62]. One study found that for every 1.0-
point increase in HbA1c measured at 11–14+6 weeks gesta-
tion, the odds of GDM by OGTTat 22–33+6 weeks was 13.9
(95 % CI 2.6–68.0) [66]. The relationship was attenuated after
adjusting for age, race, obesity and GDM history (adj. OR 5.1
(95 % CI 0.8–34.7).

HbA1c in Later Pregnancy: as a Predictor for an OGTT
Diagnosis of ‘Later GDM’ and/or as an Adjunct Test
for Hyperglycaemia in Women with a Non-diagnostic
OGTT

Most women with ‘later GDM’ will have an HbA1c
<41 mmol/mol (<5.9 %) at the time of diagnosis [67–69],
and there is a significant overlap in HbA1c levels between
women with and without GDM [68, 70]. Although HbA1c
analysis will not replace the 24–28-week OGTT, could it have
a role as an adjunct test in high-risk women with a non-
diagnostic OGTT? An HbA1c ≥42 mmol/mol (6.0 %) mea-
sured in late pregnancy had a high specificity for GDM by
OGTT, 97.2 % [68]. Correspondingly, a small observational
study found that women with a non-diagnostic OGTT and an
HbA1c ≥41 mmol/mol (5.9 %) had significant glucose eleva-
tions, with >70 % referred after 24 weeks requiring pharma-
cotherapy in addition to dietary intervention [58•]. These
women had higher BMI and were more likely of Pacific eth-
nicity than women diagnosed with GDM by OGTT criteria.

Table 2 Pregnancy-related pitfalls in interpreting HbA1c by gestation

Gestation Factors that influence HbA1c Effect

Up to 20 weeks Increase in new red cell production and
fall in fasting glucose levels

Drop in HbA1c levels compared with non-pregnant controls.
Note pregnancy-specific reference ranges

After 20 weeks Iron deficiency increases in prevalence.
Onset of pregnancy-induced insulin
resistance and the development of
abnormal glucose tolerance in some women

Rise in HbA1c levels in some women. Expect a maximal
HbA1c rise of 1–2 mmol/mol (0.1–0.2 %) with untreated iron deficiency

An elevated HbA1c may indicate significant hyperglycaemia
(requires further research). Consider further assessment by
monitoring of blood glucose levels even if a prior OGTT is negative

Postpartum Iron status and changes to red cell turnover
at the time of delivery and postpartum

Legacy-effect of treating GDM

Unpredictable changes to HbA1c levels
HbA1c testing is more convenient but less accurate than OGTT

at detecting abnormal glucose tolerance postpartum. Combined
screening with HbA1c and FPG requires further research
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Postpartum HbA1c: for Persistent Hyperglycaemia
in Women with Recent GDM

Postpartum follow-up of women with GDM is important, as
there is a high rate of progression to type 2 diabetes (RR 7.43;
95 % CI 4.79–11.51) compared with women with no GDM
history [71]. Worldwide, the uptake of postpartum screening
following gestational diabetes is suboptimal, often less than
50 % [72–75]. HbA1c measurement would be a much more
convenient test for postpartum hyperglycaemia and HbA1c
testing compared with OGTT doubled postpartum screening
rates in one community [76].

Unfortunately, the reported sensitivity of HbA1c at detecting
postpartum hyperglycaemia (diabetes and prediabetes) by
OGTT is low. The correlation betweenHbA1c levels andOGTT
is especially poor in the first 6–12 weeks post-delivery and im-
proves with increasing delivery-to-test interval [77, 78]. This
may be related to early postpartum changes in red cell turnover
and iron status and to the legacy of antenatal treatment for GDM.
Ameta-analysis of studies published up to 2013, including 1086
women in total, calculated a pooled sensitivity of 0.36 (95 % CI
0.23–0.52) and specificity 0.85 (0.73–0.92) for an HbA1c
threshold of 39 mmol/mol (5.7 %) at detecting any degree of
postpartum abnormal glucose tolerance by OGTT [79]. A fur-
ther three studies, including 483 women, report similar results,
sensitivity range 0.30–0.57 and specificity range 0.70–0.95 [80,
81•, 82]. The predictive value of HbA1c varies depending both
on the prevalence of abnormal glucose tolerance in the given
population and the time interval to postpartum testing.

However, data show that a postpartum HbA1c is a marker
of risk. For example, women with HbA1c levels ≥39 mmol/
mol (5.7 %) vs. those with HbA1c <39 mmol/mol (5.7 %) had
more vascular risk factors including a higher BMI and lower
HDL cholesterol [74]. Furthermore, an elevated HbA1c test
identifies an additional group of women with prediabetes
missed by OGTT, and in one study, this additional group
had higher LDL cholesterol and where more likely to be
Caucasian [73].

Could HbA1c analysis in combination with other tests re-
place the cumbersome postpartum OGTT? Studies examining
combined screening with fasting plasma glucose (FPG) and
HbA1c have conflicting results. In two studies, combined
screening did not appreciably improve detection rates
above using FPG alone [74, 82]. Whereas two studies
report improved detection rates, both concluding that a
two-step screening approach would decrease the need
for postpartum OGTT by >70 %; HbA1c ≥39 mmol/mol
(5.7 %) and FPG ≥5.6 mmol/l (>100 mg/dl) had a sensi-
tivity of 0.9 and specificity of 0.84 [80], and HbA1c
≥37 mmol/mol (5.5 %) and FPG ≥6.1 mmol/l (110 mg/
dl) had a sensitivity of 0.82 and specificity of 0.92 [77].
One study examined combined screening using HbA1c
≥39 mmol/mol (5.7 %) and waist circumference >88 cm,

which improved detection rates above using HbA1c
alone, sensitivity 0.78 vs. 0.48 [83].

It is not known whether combined screening with HbA1c
improves screening rates over OGTTalone. RCTs are required
to compare the uptake and effectiveness of different screening
protocols in diverse ethnic groups. Studies examining serial
screening with HbA1c +/− FPG at 3–6-monthly intervals for
the first year, compared to a single OGTT at 6 weeks postpar-
tum may also be worth considering. Moreover, all women
with a history of GDM should have ongoing healthy lifestyle
interventions irrespective of their early postnatal screening
result. Subsequent HbA1c monitoring may be enough to de-
termine whether they need more intensive management strat-
egies put into place.

Conclusion

HbA1c analysis in pregnancy is likely to become an increasingly
useful tool, as long as pregnancy-specific reference ranges are
developed and the various pitfalls are considered (as
summarised in Table 2). Further research is required to investi-
gatewhether there is an important difference inHbA1c reference
range in pregnancy by ethnicity, or whether the differences noted
relate to other factors. Emerging data suggest that an HbA1c
≥41 mmol/mol (5.9 %) is a marker of hyperglycaemia in preg-
nancy irrespective of the OGTT and that it is associated with an
increased risk of adverse pregnancy outcome. These findings
need confirming by larger studies, and randomised trials are
required to assess whether early intervention in women with
elevated HbA1c levels in the prediabetes range is of benefit.
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