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Aims:  To  improve  perinatal  outcomes,  screening  for  hyperglycaemia  using  75  g  oral  glucose  tolerance
test  (OGTT)  is recommended  for all  pregnant  women  at 24–28  weeks  gestation  (routine),  and  earlier  if
high-risk.  Screening  coverage  for  remote  and  Aboriginal  Australian  women  is less  than  ideal.  This  study
examined  OGTT  completion  (early  and  routine)  by women  from  rural  and  remote  Western  Australia
compared  with  early  glycated  haemoglobin  (HbA1c).
Methods:  In  2015–2018,  27 primary  health  care  sites  recruited  600  (233  Aboriginal)  women  aged  ≥16-
years,  without  pre-existing  diabetes,  who  delivered  >30-weeks  gestation.  All  women  presenting  <20-
weeks  gestation  (541)  were  offered  an  early  study  HbA1c. Early  OGTTs  were  requested  at  the  discretion
of  the  local  clinician,  with  routine  OGTT  offered  at 24–28  weeks.
Results:  HbA1c uptake  was  high  (85.7%  Aboriginal,  86.4%  non-Aboriginal);  OGTT  completion  in Aboriginal
women  was  low  (early  OGTT:  38.6%  v 69.6%  non-Aboriginal,  P  <  0.001;  routine  OGTT:  44.5%  v 84.7%  non-
Aboriginal,  P <  0.001).  Aboriginal  women  with  both  early  tests  had  HbA1c completed  3-weeks  prior  to

OGTT  (9.6 ±  3.5  v 12.5  ±  3.5 weeks  gestation,  P < 0.001).
Conclusions: Universal  early  pregnancy  HbA1c appears  feasible  as  an  early  screening  test  for  women  at
risk  of hyperglycaemia  in pregnancy  and would  expedite  and  increase  screening  in Aboriginal  women
compared  to  an  early  OGTT.
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and New Zealand College of Obstetricians and Gynaecologists.
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. Introduction

Diabetes in pregnancy is associated with adverse maternal
nd fetal outcomes including preeclampsia, stillbirth, congenital
nomalies and excess fetal growth [1]. Optimisation of maternal
lood glucose levels, both before and throughout pregnancy, can

mprove birth outcomes for women with known diabetes [2]. How-
ver, an estimated 92% of diabetes in pregnancy is detected during
estation and classified as either overt diabetes in pregnancy or
estational diabetes mellitus (GDM) [3,4].

Testing for overt diabetes should be conducted as early in preg-
ancy as possible to optimise maternal glycaemia and improve

irth outcomes [4–6]. Early screening and diagnosis by 75 g oral
lucose tolerance test (OGTT) or measurement of the long-term
lycaemic marker glycated haemoglobin (HbA1c) is often done in
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primary healthcare settings. Currently, all Australian stakeholders
recommend a risk-factor based approach to early screening: the
Australasian Diabetes in Pregnancy Society (ADIPS) [7]; The Royal
Australian and New Zealand College of Obstetricians and Gynaecol-
ogists (RANZCOG) [8]; the National Health and Medical Research
Council (NHMRC) [9]; and the Royal Australian College of General
Practitioners (RACGP) [10]. In addition to diagnosis of overt dia-
betes in pregnancy, ADIPS and RANZCOG both endorse the World
Health Organization recommendation for a 75 g oral glucose toler-
ance test (OGTT) for diagnosis of GDM at any gestation and make
no distinction between early and standard GDM diagnostic criteria
[7,8,11].

Reliance on the OGTT in pregnancy, especially early in preg-
nancy, fails to recognise that it is a poorly tolerated test and difficult
to achieve within the limited timeframe available. Rates of OGTT
uptake in rural and remote Australian antenatal populations are
low (41–56%) [12]. Clinicians anecdotally reported difficulty in
achieving one, let alone two pregnancy OGTT for their antenatal
patients, during co-design of the Western Australian Optimisa-
tion of Rural Clinical and Haematological Indicators for Diabetes
in pregnancy (ORCHID) study (vide infra). Furthermore, Australian
Aboriginal women are less likely to complete a pregnancy OGTT
compared to non-Aboriginal women (OR 0.45) [12]. Low OGTT
uptake in this population with a high background prevalence of
diabetes is concerning [13,14].

Compared to an OGTT, HbA1c presents as a more acceptable
test as it can be measured on a single, non-fasting sample with-
out requirement for glucose load [15]. However, ADIPS (2014)
only recommend HbA1c for classification of overt diabetes (≥6.5%,
48 mmol/mol) citing a lack of evidence for intervention below
this level [7]. By contrast, the NHMRC (2017) and RACGP (2020)
endorse International Association of the Diabetes in Pregnancy
Study Groups (IADPSG) 2016 working group suggestions for clas-
sification of hyperglycaemia in early pregnancy (HbA1c ≥5.9%, 41
mmol/mol) [9,10,16]. The IADPSG suggested threshold captures
women with either overt diabetes in pregnancy or GDM (by OGTT),
and elevated risk for adverse birth outcome [17]. RANZCOG con-
tinue to refer Australian clinicians to the ADIPS 2014 early HbA1c
recommendation but did reference the New Zealand HbA1c study
(the basis for the IADPSG working group recommendation) in the
‘other suggested reading’ section of their latest guideline for GDM
[8,17,18].

The ORCHID study was co-designed with community, health
care professionals and researchers to retrospectively evaluate OGTT
screening coverage and to prospectively evaluate the utility of
alternative glycaemic markers, including HbA1c. An early HbA1c
threshold ≥5.6% (38 mmol/mol) identified Aboriginal ORCHID
study participants with apparent prediabetes in early pregnancy
(specificity 93.9% [95% CI 87.2–97.7] and predictive value 71.4%
[95% CI 47.8–88.7%] for a positive routine OGTT ≥24-weeks ges-
tation) [19]. Apparent prediabetes was associated with elevated
risk for adverse birth outcome in the entire cohort [19]. The aim of
this paper was to compare completion of screening for hypergly-
caemia by Aboriginal status (Aboriginal; non-Aboriginal) in women
recruited to the ORCHID study prospective cohort. Specifically,
uptake of an early pregnancy ORCHID study HbA1c and uptake of
clinician recommended early OGTT and universal OGTT between
24- and 28-weeks gestation.

2. Methods
2.1. Participants

Pregnant women at first antenatal presentation at a partici-
pating site, aged 16-years or older, singleton pregnancy and no
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ocumented pre-existing diabetes, were invited to take part. Data
ere collected from 9 January 2015 to 31 May  2018 at 27 sites in

he Kimberley, Mid-West, Goldfields, Southwest and Great South-
rn regions of Western Australia (WA). Aboriginal women were
eliberately overrepresented to allow sub-cohort analysis for this
igh-risk population.

Clinicians followed ADIPS 2014 guidelines for the duration of the
tudy, which devolve recommendations for risk-factor based early
creening to clinician discretion [7]. Antenatal care providers com-
leted a questionnaire to report risk-factors for hyperglycaemia in
regnancy and whether an early OGTT was  recommended. All par-
icipants were offered an early study HbA1c at their first antenatal
isit, irrespective of risk-factor assessment.

.2. Laboratory testing and diagnostic criteria

Local procedures were relied on for collection and measurement
f plasma glucose (fasting, random or as part of an OGTT). At first
ntenatal investigations an additional venous whole blood sample
as collected into an EDTA tube (BD Biosciences, Australia) and

ransported to the central laboratory for measurement of HbA1c.
ll HbA1c results were reported to the antenatal care provider, with
arly OGTT recommended for women with HbA1c 5.7–6.4% (39–46
mol/mol).
Early HbA1c and plasma glucose investigation was defined as

easurement before 20-weeks gestation (<140 days). Routine
GTT was  defined as measurement after 24-weeks gestation (≥168
ays).

.3. Statistical analysis

Study data were collected and managed using secure REDCap
lectronic data capture tools hosted at The University of WA [20]. All
nalyses were performed with Stata, version 15 (Statacorp). Differ-
nces in characteristics stratified by Aboriginal status (Aboriginal;
on-Aboriginal) were compared using t-tests for continuous data
nd �2 tests for categorical data, except for differences in remote-
ess classification and risk-factor count. Post estimation following
eneralised estimating equations was used to determine if there
as a linear trend across these ordered groups. Linear regression
as used to determine associations with BMI  at first antenatal pre-

entation adjusted for gestational age at presentation.
As a first step regression models were created using a backwards

tepwise approach to identify factors associated with early OGTT
nd routine OGTT completion. Following this, a nested mixed effect
egression model with antenatal care sites (n = 27) included as a
andom effect, was  fitted for the screening outcome. P < 0.05 was
efined as statistically significant.

.4. Ethics approval

Ethics approval was  obtained from the Western Australian Abo-
iginal Health Ethics Committee (584), Western Australian Country
ealth Service Human Research Ethics Committee (RGS2924) and

upported by the Kimberley Aboriginal Health Planning Forum
esearch Subcommittee.

. Results

Of 694 participants, 600 continued study participation and
elivered after 30-weeks gestation (Fig. 1). Aboriginal women were

ore likely to have additional risk-factors for hyperglycaemia in

regnancy than non-Aboriginal women, despite being younger
Table 1). Aboriginal women  had higher booking BMI (Table 1)
nd this association was not attenuated by gestational age at first
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Fig. 1. Flow chart for prospective ORCHID study cohort participation and completion of early and routine screening for hyperglycaemia in pregnancy.
ORCHID = Optimisation of Rural Clinical and Haematological Indicators for Diabetes in pregnancy (study); HbA1c = glycated haemoglobin; OGTT = 75 g oral glucose tolerance
test;  FPG = fasting plasma glucose; RPG = random (non-fasting) plasma glucose. Recommendation for early screening based on antenatal care provider judgement. Management
based on Australasian Diabetes in Pregnancy Society 2014 classification criteria.

Table 1
Maternal characteristics and prevalence of risk-factors for hyperglycaemia in pregnancy in 600 ORCHID study participants, stratified by Aboriginal status.

Aboriginal Non-Aboriginala P-value
(N  = 233) (N = 367)

Maternal characteristic
Age (years) 26.1 ± 5.2 30.3 ± 5.4 <0.001
BMI  at first antenatal presentationb (kg/m2) 28.0 ± 7.2 26.6 ± 6.0 0.009
Parity (prior delivery ≥20-weeks) ≥1 at enrolment 168 (72.1%) 242 (65.9%) 0.114
Any  antenatal smoking 110 (47.2%) 54 (14.7%) <0.001
Length of gestation at first presentation (weeks) 10.9 ± 6.9 9.4 ± 5.2 0.003
Remoteness classification of health service providing majority of antenatal care
MMM2  (regional centres) 2 (0.9%) 49 (13.4%) 0.402
MMM3  (large rural towns) 115 (49.4%) 277 (75.5%) 0.076
MMM6  (remote communities) 54 (23.2%) 25 (6.8%) <0.001
MMM7  (very remote communities) 62 (26.6%) 16 (4.4%) <0.001
Risk-factor for hyperglycaemia in pregnancyc

Age ≥40 years 2 (0.9%) 8 (2.2%) 0.218
Obesity (BMIb ≥30.0 kg/m2) 81 (34.8%) 96 (26.2%) 0.024
Previous GDMd 23 (13.7%) 32 (13.2%) 0.891
Previous macrosomiad (birthweight >4500 g) 7 (4.2%) 9 (3.7%) 0.818
Family history of diabetes 100 (42.9%) 86 (23.4%) <0.001
Polycystic ovarian syndrome 3 (1.3%) 27 (7.4%) 0.001
Use  of corticosteroid or antipsychotic medication 5 (2.2%) 2 (0.5%) 0.075
Total  number of risk-factors excluding ethnicity:

No risk-factors 116 (49.8%) 233 (63.5%) 0.007
One  risk-factor 95 (40.8%) 105 (28.6%) 0.003
Two  or more risk-factors 22 (9.4%) 29 (7.9%) 0.002

Data are mean ± standard deviation for continuous variables. For categorical variables, data are number (%) of Aboriginal status group. Two-sided t-test P-value reported for
comparison between groups for continuous data. Pearson Chi-square test P-value reported for comparison between groups for categorical data, except differences in remoteness
classification and risk-factor count for which postestimation following generalised estimating equations was used to test for trend across ordered groups. ORCHID = Optimisation of
Rural  Clinical and Haematological Indicators for Diabetes in pregnancy study; MMM  = Modified Monash Model. Data include 600 ORCHID study participants who  continued
study  participation and delivered after 30-weeks gestation.

a The non-Aboriginal group was predominantly Caucasian (89.9%, n = 330), with the remainder of high-risk ethnicity (Māori (3.5%, n = 13); Asian (3.3%, n = 12); Pacific
Islander (1.4%, n = 5); Other (1.9%, n = 7).

atal v
s in P

t
w
A

b Body mass index (BMI) calculated as maternal weight in kilograms at first anten
c Risk-factors for hyperglycaemia in pregnancy according to Australasian Diabete
d Denominator excludes nulliparous women (190).

antenatal presentation (P = 0.010). The non-Aboriginal group was
predominantly Caucasian (89.9%).
3.1. Early pregnancy screening

Of 541 participants who presented to a participating site before
20-weeks gestation, 522 (96.5%) had routine first antenatal blood

t
0
c
(

997
isit divided by the square of maternal height in meters.
regnancy Society guidelines (2014).

ests (Table 2). Most Aboriginal (85.7%) and non-Aboriginal (86.4%)
omen  also had an early ORCHID study HbA1c (Table 2 and Fig. 2A).
boriginal women  had HbA1c collected two weeks earlier in gesta-

ion than non-Aboriginal women (9.0 ± 3.8 v 11.0 ± 2.8 weeks, P <

.001). In those who  had both early tests samples for HbA1c were
ollected from Aboriginal women three weeks earlier than OGTT
9.6 ± 3.5 v 12.5 ± 3.5 weeks, P < 0.001).
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Table  2
Screening completion for hyperglycaemia in pregnancy by 600 ORCHID study participants, stratified by Aboriginal status.

Screening completion Aboriginal Non-Aboriginal P-value
(N  = 233) (N = 367)

Early screening (<20-weeks gestation)
Number presented early 203 (87.1%) 338 (92.1%) 0.046

Number with any first antenatal investigationa,b 197 (97.0%) 325 (96.2%) 0.425
Number with early HbA1c

b 174 (85.7%) 292 (86.4%) 0.958
Number with single FPGb 19 (9.4%) 29 (8.6%) 0.757
Number recommended for early OGTTb 114 (56.2%) 69 (20.4%) <0.001

Number with complete early OGTTc 44 (38.6%) 48 (69.6%) <0.001
Routine universal screening (≥24-weeks gestation)

Number eligible for routine OGTT 229 (98.3%) 359 (97.8%) 0.693
Number with any routine investigation ≥24-weeksa,d 219 (95.6%) 354 (98.6%) 0.026
Number with complete routine OGTTd 169 (73.8%) 332 (92.5%) <0.001

Data are number (%) of Aboriginal status group. Pearson Chi-square test P-value reported for comparison between groups. ORCHID = Optimisation of Rural Clinical and Haemato-
logical  Indicators for Diabetes in pregnancy (study); HbA1c = glycated haemoglobin; FPG = fasting plasma glucose; OGTT = 75 g oral glucose tolerance test. Data include 600
ORCHID study participants who continued study participation and delivered after 30-weeks gestation.

a Any first antenatal investigation or routine investigation includes full blood picture, iron studies and any glucose investigation done as part of a clinician requested
assessment before 20-weeks gestation or after 24-weeks gestation, respectively.

b Denominator is number of women who presented early (<20-weeks gestation).
c Denominator is number of women with early OGTT recommended.
d Denominator is number of women eligible for routine OGTT; excludes 12 women recommended for early management of hyperglycaemia.

Fig. 2. Cumulative completion of study glycated haemoglobin (HbA1c), clinician recommended early OGTT and routine OGTT in ORCHID study participants, stratified by
Aboriginal status.
OGTT = 75 g oral glucose tolerance test; ORCHID = Optimisation of Rural Clinical and Haematological Indicators for Diabetes in pregnancy (study). (A) Data represent cumulative
completion of early HbA1c by gestational age in 541 ORCHID study participants (203 Aboriginal) with first antenatal presentation <20-weeks gestation. Screening window
for  first trimester (<14-weeks gestation) HbA1c as recommended by the National Health and Medical Research Council (NHMRC). (B) Data represent cumulative completion
of  early OGTT by gestational age in 183 ORCHID study participants (114 Aboriginal) who  were recommended by their clinician for early screening OGTT <20-weeks gestation.
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Recommendation for early OGTT was at the discretion of antenatal care provider. (C)
study  participants (229 Aboriginal) who  were not classified with overt diabetes in p
window  between 24- and 28-weeks gestation as recommended by Australasian Dia

Clinicians referred 183 participants for an early OGTT based on
a complete clinical picture including GDM risk-factor assessment.
Common risk-factors in this group included previous GDM (26.8%, n
= 49), obesity (47.0%, n = 86) and family history of diabetes (53.0%, n
= 97). More Aboriginal participants were recommended for an early
OGTT compared to non-Aboriginal women (56.2% v 20.4%, P < 0.001,
Table 2). An early OGTT was more likely to be recommended for
Aboriginal participants who had at least one additional risk-factor
(74.1% v 37.4% no additional risk-factors, P < 0.001).

Of those referred for an early OGTT only 38.6% of Aborigi-

nal and 69.6% of non-Aboriginal women completed the test (P <
0.001, Table 2 and Fig. 2B). Women  with an early study HbA1c
39–46 mmol/mol (5.7–6.4%) (n = 17) were recommended by the
study protocol to have an early OGTT, however this was only com-

b
G
7
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epresent cumulative completion of routine OGTT by gestational age in 588 ORCHID
ncy or gestational diabetes mellitus earlier in pregnancy. Routine OGTT screening

 in Pregnancy Society.

leted by eight women. Women  with obesity were almost twice as
ikely to complete testing than women without obesity. Aboriginal

omen were significantly less likely to complete testing (Table 3
nd Fig. 2B). No other risk-factors were significantly associated with
arly OGTT completion in those recommended for testing.

Forty-eight women  had an early fasting plasma glucose mea-
urement (separate from any OGTT) and 171 participants had a
andom (non-fasting) plasma glucose measurement (Fig. 1). Twelve
omen met  ADIPS 2014 diagnostic criteria for hyperglycaemia in
regnancy, and thus did not require a routine OGTT: overt dia-

etes in early pregnancy by OGTT (1 non-Aboriginal woman); early
DM by OGTT or by single fasting plasma glucose (4 Aboriginal;

 non-Aboriginal). No participants were recommended for early
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Table  3
Factors associated with completion of early and routine oral glucose tolerance test
(OGTT).

Factors associated with
OGTT completion:

OR [95% CI] P-value

Early OGTT (<20-weeks gestation)
Obesity (BMI at first

antenatal
presentation >30
kg/m2)

1.90 [1.01–3.58] 0.047

Aboriginal status:
Aboriginal

0.27 [0.09–0.78] 0.015

Routine OGTT (≥24-weeks gestation)
Aboriginal status:

Aboriginal
0.23 [0.12–0.44] <0.001

BMI  = body mass index. As a first step regression models were created using a back-
wards stepwise approach to identify factors associated with early OGTT completion
and routine OGTT completion. Following this, a nested mixed effect regression
model with antenatal care sites (n = 27) included as a random effect, was fitted
for  the screening outcome. Models for early OGTT completion used data from 183
ORCHID study participants recommended for an early OGTT by their clinician. Mod-
els for routine OGTT completion used data from 588 ORCHID study participants
who  remained eligible for a universal OGTT after 24-weeks gestation. As macroso-
mia  (n = 17) predicted routine OGTT screening perfectly the model included data
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from remaining 571 participants. Factors with a P-value <0.05 were considered
significantly associated with OGTT completion.

management of hyperglycaemia following random plasma glucose
measurement.

3.2. Routine pregnancy screening

Five-hundred and eighty-eight participants remained eligible
for routine screening. All 17 women who had a newborn macro-
somia in a previous pregnancy completed a routine OGTT. In
the remaining participants, Aboriginal women were significantly
less likely to complete routine OGTT than non-Aboriginal women
(Table 3), and less than half completed testing within the rec-
ommended timeframe (44.5% v 84.7% non-Aboriginal, P < 0.001)
(Fig. 2C). There were no independent associations between early
investigations or any other maternal characteristics and routine
OGTT completion in the 588 eligible women.

Eighteen participants who attempted a routine OGTT were
unable to complete it (vomited (10); did not return or ate during test
(7); unable to ingest glucose load within 5-min (1)). A larger propor-
tion of Aboriginal women had their OGTT cancelled due to vomiting
compared to non-Aboriginal women (3.9% v 0.9%, P = 0.019).

4. Discussion

As anticipated due to study design, there was high uptake of
early pregnancy HbA1c testing by rural and remote Australian ante-
natal patients. As HbA1c could be readily incorporated into routine
non-fasting first antenatal investigations the HbA1c result could be
obtained much earlier in pregnancy and increased screening cov-
erage fourfold for Aboriginal women, compared to an early OGTT
(174 v 44). Similarly high acceptability for HbA1c and improved
screening coverage has been observed in rural and remote women
and Māori women in New Zealand [21,22].

National guidelines [7,9,10] advise early screening for overt dia-
betes by OGTT (ADIPS preferred test), HbA1c or fasting plasma
glucose (NHMRC/RACGP preferred tests) in all Aboriginal women
given the age-standardised fourfold higher prevalence of preges-
tational diabetes compared to non-Aboriginal women  [23]. By

contrast, local WA clinical protocols in use during the study period
recommended the presence of an additional risk-factor before
referral for an early OGTT [24,25]. Regardless, one in four Aboriginal
women who presented early and had at least one other additional
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isk-factor for diabetes in pregnancy, were not recommended for
n early OGTT. This was consistent with anecdotal reports at study
esign of clinician reluctance to recommend an early OGTT due to
oncerns of not obtaining a repeat OGTT later in pregnancy. Our
roup is currently conducting a qualitative study to more widely
eview clinician behaviours and attitudes to early and routine (24-
o 28-weeks gestation) screening for hyperglycaemia across rural
nd remote WA.

Clinician uncertainty regarding early screening may  have also
esulted from variations in local and Australian stakeholder rec-
mmendations for tests and diagnostic criteria during recruitment.
he ORCHID study commenced in 2015, three years after intro-
uction of universal 24–28 week screening by OGTT in WA  and
he year following ADIPS endorsement of World Health Organiza-
ion diagnostic criteria for GDM [7,11,12]. Local WA  laboratories
hased in reporting of the new GDM diagnostic criteria during
015, often printing both old (ADIPS 1991) [26] and new (ADIPS
014) [7] criteria on pathology reports. The RACGP endorsed the old
DIPS 1991 criteria throughout recruitment, however guidelines
evised during the period included both the ADIPS 1991 (preferred)
26] and ADIPS 2014 (alternative) [7] diagnostic criteria for GDM
27]. The RACGP suggest general practitioners are aware of the
riteria endorsed by their local obstetric service to avoid ‘conflict
nd patient confusion’ [10]. Adding to this potential confusion, the
HMRC endorsement for early pregnancy fasting plasma glucose
nd HbA1c occurred in 2017, midway through the ORCHID study
ecruitment phase [9].

Despite amenability at study recruitment, it is concerning that
 quarter of Aboriginal participants did not complete an OGTT
fter 24-weeks gestation and that only half were tested within
he recommended 24- to 28-week gestation timeframe. Given the
igh (95.6%) uptake by Aboriginal women of other investigations
fter 24-weeks gestation, this suggests comparatively low accept-
bility of the OGTT. Reported barries include aversion to fasting
uring pregnancy, childcare issues, travel difficulties, and nausea
nd vomiting [12]. Regarding the latter, although numbers were
mall, Aboriginal women  were less able to tolerate (i.e., hold down)
he glucose load compared to non-Aboriginal women. This has
ot been previously reported as a specific barrier to achieving an
GTT for Aboriginal women and warrants investigation in a larger
opulation-based dataset.

The overall disparity in OGTT completion between Aboriginal
nd non-Aboriginal women  is consistent with previous reports for
his population [12]. Low OGTT uptake has also been reported for
ome ethnic groups residing in New Zealand (Māori, 33.4%; Pacific
eople 38.5%) [22]. Likewise, postpartum screening by OGTT in Abo-
iginal women with previous GDM from the Northern Territory was
uboptimal (31%) despite high (97%) attendance for postpartum
are [28]. Reasons for lower OGTT uptake in Aboriginal women
ere not directly explored in the ORCHID study. As inferenced

rom qualitative explorations of antenatal care with Aboriginal
omen, social disadvantage, lack of culturally safe healthcare, lack

f continuity of care, and challenges travelling for care in remote
ettings could be significant contributors [29–31]. Our findings
arrant additional co-designed strategies for improving screening

or diabetes during and after pregnancy, including evaluation of
lternative tests to the OGTT.

The strength of this study is that participants were recruited
rom 27 sites across WA representing a broad rural and remote
opulation. However, there are several study limitations. Although
igh, HbA1c completion (86%) was lower than the 96–97% comple-
ion of clinician requested early antenatal investigations (including

ull blood picture and iron studies). This suggests that HbA1c com-
letion may  be even more achievable for women  who  present for
ntenatal care before 20-weeks gestation, if requested as part of
he first antenatal visit panel of investigations (i.e., not on a sepa-
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rate study pathology request form for a study). Barriers to HbA1c
completion in this study included requests on a separate study
pathology form, reluctance for women to participate in a research
study and required transfer of study HbA1c samples to the central
State pathology laboratory when collected by a private pathology
provider.

Recruitment of participants who were amenable to an OGTT
later in pregnancy likely biased completion rates for OGTT between
24- and 28-weeks gestation in the study sample. This may  have led
to selection of women who were also more amenable to early inves-
tigations including HbA1c. Furthermore, the proportion of women
who presented before 20-weeks gestation in our study was  at the
higher end of the range reported for regional WA in 2015 (median
76.6%, range 65.4–90.9%) [32]. Therefore, our cohort is not neces-
sarily representative of all Australian rural and remote antenatal
patients.

In 2017, Aboriginal Community Controlled Health Organisations
(ACCHO) and WA Country Health Services in the Kimberley region
of WA implemented universal HbA1c at first antenatal visit to screen
for overt diabetes in pregnancy [24]. This change to clinical prac-
tice guidelines was part of one of our studies in improving maternal
health (Nini Helthiwan) which included a review of all Kimberley
maternal and child health protocols in 2015–2016 [33]. Protocols
were updated to ensure that they continued to reflect the best evi-
dence available [24]. Our group is currently auditing records for
Kimberley Aboriginal ACCHO antenatal patients between 2018 and
2021 to evaluate early pregnancy HbA1c completion and validate
thresholds for classification of apparent prediabetes in pregnancy
at a population level. Randomised controlled trials (RCTs) assessing
the benefit of earlier intervention in women with apparent predi-
abetes in pregnancy are needed. However, before we can conduct
an RCT with Aboriginal women we need to understand what inter-
ventions will be acceptable for this group and feasible for rural and
remote clinics to deliver.

In conclusion, measurement of HbA1c at first antenatal presenta-
tion for Aboriginal women and other women at risk of prediabetes
and diabetes could lead to earlier and more comprehensive detec-
tion in pregnancy, compared to an early OGTT as the sole test.
Expedited management of hyperglycaemia in pregnancy using
co-designed family-centred self-management strategies should
improve birth outcomes for high-risk populations.
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