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ABSTRACT

Introduction The incidence of gestational diabetes
mellitus (GDM) is increasing in Australia, influenced
by changed diagnostic criteria. We aimed to identify
whether the diagnostic change was associated
with improved outcomes and/or increased obstetric
interventions using state-wide data in New South
Wales (NSW), Australia.
Research design and methods Perinatal and hospital
data were linked for singleton births, 33–41 weeks’
gestation, 2006–2015, NSW. An adjusted Poisson model
was used to split pregnancies from 2011 onwards into
those that would have been diagnosed under the old
criteria (‘previous GDM’) and newly diagnosed cases
(‘additional GDM’). We compared actual rates of total and
early (<39 weeks) planned births, cesareans, and maternal
and neonatal adverse outcomes for GDM-diagnosed
pregnancies using three predicted scenarios, where the
‘additional GDM’ group was assumed to have the same
rates as: the ‘previous GDM’ group <2011 (scenario A); the
‘non-GDM’ group <2011 (scenario B); or the ‘non-GDM’
group ≥2011 (scenario C).
Results GDM incidence more than doubled over
the study period, with an inflection point observed
at 2011. For those diagnosed with GDM since 2011,
the actual incidence of interventions (planned births
and cesareans) and macrosomia was consistent with
scenario A, which meant higher intervention rates, but
lower rates of macrosomia, than those with no GDM.
Incidence of neonatal hypoglycemia was lower than
scenario A and closer to the other scenarios. There was
a reduction in perinatal deaths among those with GDM,
lower than that predicted by all scenarios, indicating
an improvement for all with GDM, not only women
newly diagnosed. Incidence of maternal and neonatal
morbidity indicators was within the confidence bounds
for all three predicted scenarios.
Conclusions Our study suggests that the widely adopted
new diagnostic criteria for GDM are associated with
increased obstetric intervention rates and lower rates of
macrosomic babies, but with no clear impacts on maternal
or neonatal morbidity.

Significance of this study
What is already known about this subject?
►► The incidence of gestational diabetes is increasing in

Australia, with much of the increase due to a change
in diagnostic criteria, but research on the outcomes
and resource implications of the diagnostic change
has shown varied findings and is generally limited to
single-center studies.

What are the new findings?
►► Using a population-based cohort of all pregnancies

over a 10-year period, we showed that the diagnostic criteria change has been associated with
increased obstetric intervention in the form of total
and early planned births and cesarean sections, but
without a clear beneficial impact on maternal or
neonatal outcomes.
►► Using prediction modeling, our results suggest that
women newly diagnosed with gestational diabetes mellitus (GDM) since the change in diagnostic
criteria (International Association of Diabetes and
Pregnancy Study Groups) are receiving similar rates
of obstetric interventions as those previously diagnosed despite their lower levels of hyperglycemia.
►► Women diagnosed with GDM are less likely to have
a macrosomic baby than those without GDM, most
likely due to the higher rates of births before the due
date.
►► Perinatal deaths have decreased over the study period in all women diagnosed with GDM, and in women
without diabetes, suggesting that this improvement
cannot be attributed to the diagnostic change.

INTRODUCTION
Gestational diabetes mellitus (GDM) is
defined as glucose intolerance first diagnosed in pregnancy, and currently occurs
in approximately 15% of pregnancies in
Australia.1 Women with GDM and their
children have increased risks of short-term2
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Significance of this study
How might these results change the focus of research or
clinical practice?

interventions and/or improvements in perinatal
outcomes in the total birthing population of New
South Wales (NSW), Australia, over 10 years using
surveillance and routinely collected data.

►► Our results suggest that research must address the differing risk

levels within the heterogenous group of women now diagnosed
with GDM, so that clinical decisions can be more judicious, rather
than applying a universal rule to the timing of delivery in women
with ‘higher-risk’ pregnancies.

and longer term3 adverse outcomes. The incidence
of GDM in Australia has tripled between 2000–2001
and 2016–2017, partly explained by increases in:
overweight and obesity, age of mothers, and mothers
from ethnic backgrounds with high susceptibility to
diabetes.1 However, the rapid increase in incidence
cannot be explained by changes in the risk profile
of the pregnant population alone, and is most likely
a result of altered diagnostic criteria (published in
2010),4–6 which identify a greater proportion of pregnant women with GDM.
In 2008, the Hyperglycemia and Adverse Pregnancy
Outcomes (HAPO) study examined the relationship
between impaired glucose tolerance and adverse
outcomes such as rates of primary cesarean section,
birth weight above the 90th percentile for gestational
age, neonatal hypoglycemia, and cord-
blood serum
C-
peptide above the 90th percentile.4 This study
found evidence of a continuous relationship between
maternal glucose levels and adverse outcomes. These
results informed the new diagnostic criteria, endorsed
by the International Association of Diabetes and Pregnancy Study Groups (IADPSG, 2010), the WHO, and
Australasian Diabetes in Pregnancy Society (ADIPS,
2013), and recommended for adoption by the Royal
Australian and New Zealand College of Obstetricians
and Gynaecologists (2015).7 8
In Australia, adoption of the criteria has been incremental.7 A small number of single-center studies in
Australia have examined outcomes before and after
the change in diagnostic criteria, and found a significant increase in the numbers of women diagnosed
with GDM under the new criteria, but concluded that
there has been no reduction in adverse outcomes for
the overall pregnant population.9 10
The diagnostic change, introduced without strong
clinical trial evidence, has the potential to significantly
increase resource use and costs of care by moving
more women into ‘higher risk’ pregnancy care,
consuming more antenatal resources10 and potentially increasing the number of women with negative
experiences in their pregnancy, due to the burdensome nature of gestational diabetes management.11 It
is important to determine that the diagnostic change
has clear benefits for health outcomes. In our study,
we aimed to identify whether the change in diagnostic
criteria has been associated with increases in obstetric
2

METHODS
This was an observational cohort of singleton pregnancies, 33–41 weeks’ gestation, from January 2006 to
December 2015 in NSW, Australia. The healthcare system
in Australia is a hybrid model of public and private health
services, with free medical care provided in public hospitals (universal access), while consumers can choose to
attend private hospitals where they choose to contribute
to the cost of services.12 Data were linked from three
population-level databases using probabilistic methods:
the NSW Perinatal Data Collection, a surveillance system
of all births in NSW in both public and private hospitals
and a small number of homebirths (‘birth data’); the
Admitted Patient Data Collection covering all admissions
to both public and private hospitals in NSW (‘hospital
data’); and the NSW Registry of Births, Deaths and
Marriages death registrations, a legislated registry of all
deaths certified by a registered medical practitioner or a
coronial inquiry (‘deaths data’). The birth data contained
pregnancy, labor and outcome data, including antenatal
risk factor information, and the hospital data contained
diagnoses and medical procedures for all hospital admissions for both mothers and their babies. The NSW Centre
for Health Record Linkage conducted the linkage, with
estimated false-positive and false-negative linkage rates
less than 5 per 1000.13 There were 152 hospitals in NSW
contributing birth data across the study period. In 2015,
there were 30% of births in 11 level 6 tertiary hospitals,
20% of births in 11 level 5 hospitals, 20% of births in 16
level 4 hospitals, 23% of births from private hospitals, and
the remaining 8% of births in lower level hospitals (see
online supplemental table 1 for descriptions of obstetric
levels).14 Researchers were given access to the deidentified source data sets, with unique identifiers for mothers
and infants.
Study variables
The detailed definitions and codes for all variables are
found in online supplemental table 2. The exposure of
interest was diagnosis with GDM, identified in the birth
data or in hospital birth record or any antenatal hospital
admissions.15 Routine screening for GDM is recommended in Australia between 24 and 28 weeks’ gestation,
with earlier testing suggested for women with certain
risk factors.16 In order to remove any cases incorrectly
classified as GDM instead of type 1 or type 2 diabetes, we
applied a 5-year lookback to the hospital data to identify any admissions for non-gestational diabetes before
the current pregnancy, and removed these women from
the analysis. The previous ADIPS criteria for the diagnosis of GDM involved a two-step approach: a non-fasted
50 g glucose challenge (cut-off 7.8 mmol/L at 1 hour),
BMJ Open Diab Res Care 2021;9:e002277. doi:10.1136/bmjdrc-2021-002277
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and then (if above the cut-off), a fasted 75 g oral glucose
tolerance test (OGTT) with measurements at 0 and 2
hours; a diagnosis made if one or more glucose values
(≥5.5 mmol/L at 0 hour, ≥8.0 mmol/L at 2 hours) were
above the recommended cut-offs.14 The new IADPSG
criteria were a one-step approach, with a single-fasted 75
g OGTT with measurements at 0, 1, and 2 hours, and diagnosis made if one or more glucose values (≥5.1 mmol/L
at 0 hour, ≥10.0 mmol/L at 1 hour, ≥8.5 mmol/L at 2
offs.13 The
hours) were above the recommended cut-
change to the one-step approach impacts on the incidence of GDM in a number of ways: the less than perfect
sensitivity of the glucose challenge cut-off in the two-
step approach17 and the lower 1-hour cut-off in the one-
step OGTT means an increase in the number of women
who meet the one-step criteria for diagnosis; however,
the 2-hour cut-off in the one-step criteria is higher, and
therefore some women who would have been diagnosed
by the ADIPS criteria are no longer diagnosed under the
new criteria.6
The main outcomes of interest were rates of total
planned births (planned cesareans and inductions), early
planned births (planned births <39 weeks’ gestation),
total cesarean sections, a composite maternal morbidity
indicator of adverse outcomes such as transfusion, intubation, uterine rupture, cardiac arrest, and hysterectomy
(see online supplemental table 2 for details),18 perinatal
deaths (stillbirths and neonatal deaths within 28 days),
a composite neonatal morbidity indicator of adverse
outcomes such as birth trauma, respiratory distress, resuscitation/intubation, ventilation, and transfusion (see
online supplemental table 2 for details),19 20 macrosomia
(>4 kg birth weight), large for gestational age (>90th
percentile weight for gestational age)21 and neonatal
hypoglycemia. We also examined gestational age at birth.
Covariates in adjusted models included maternal age,
country of birth, previous cesarean, assisted reproductive
technology in the current pregnancy, smoking during the
current pregnancy, any hypertension in the current pregnancy, prelabor rupture of membranes (PROM), and
placental issues (including placenta previa and morbidly
adherent placenta).
Exclusions
Women with no antenatal care visit before 30 weeks and
those who birthed <33 weeks’ gestation were removed
in order to ensure that all participants in the study had
the opportunity to be screened and tested for GDM, and
to start treatment if appropriate. We also limited the
upper gestational age to 41 weeks, as there has been a
decrease in the number of post-term births over the study
period, unrelated to GDM, and our focus in this study
was the changes from early birth to full term. Exclusions
included: births with major congenital anomalies, women
with type 1 and type 2 diabetes, records with missing data
or possible linkage errors, and births to women who did
not live in NSW.
BMJ Open Diab Res Care 2021;9:e002277. doi:10.1136/bmjdrc-2021-002277

Statistical analysis
We used predictive modeling and segmentation of the
diagnosed group, to examine how we might expect
the outcomes to change, versus the actual rate of the
outcome; because it was not possible to simply examine
outcome rates in the GDM-diagnosed group over time, as
one would expect the outcomes to improve, simply due
to ‘lower risk’ pregnancies being diagnosed and included
progressively more with time due to incremental uptake
of the diagnostic change.
We compared unadjusted characteristic profiles and
outcomes in women diagnosed with GDM and those
without GDM using absolute percentage differences and
95% CIs. We examined 10-year linear trends over time in
both characteristics and outcomes within the GDM and
non-GDM groups (and in the total cohort for outcomes
only) by estimating risk differences and 95% CIs from
a generalized linear regression using the identity link
function and binomial error distribution. We ran an
initial piecewise Poisson regression model on quarterly
summary data to determine the data-driven inflection
point in the incidence of GDM over time. We then ran
a Poisson model with GDM diagnosis as the outcome,
including a parameter for time (quarter) and an interaction between time and the inflection point. This is represented by the formula:
∑
log[Yi ] = β0 + β1 T + β1 TXt + βj Xij + ei 
(1)
	

where Yi is the outcome of GDM or not, β0 is the point
estimate at time (T)=0, β1 is the change in rate with every
1-unit increase in time (the preinflection point trend),
β2 is the slope after the inflection point (an interaction
between time and the inflection point Xt) and Σβj Xij
represents the covariates included in the model and ei is
the error. We then generated two separate predictions for
each person, one with the whole regression model, equivalent to an adjusted fit of the overall GDM incidence over
time, and another excluding the time-by-inflection point
interaction, predicting the incidence of GDM after 2011
assuming there was no inflection point. We summed
these predictions by quarter and used the two incidence
estimates to segment the GDM-diagnosed group after
2011 by quarter into those who would have been diagnosed under the previous criteria (‘previous GDM’) and
those additionally diagnosed after 2011 with the revised
criteria (‘additional GDM’).
We then ran adjusted Poisson models, with the same
structure as above, for all outcomes, separately for GDM
and non-
GDM pregnancies. We used these adjusted
Poisson models to run three different prediction models
to yield:
►► Model 1: the predicted quarterly outcome rate
among GDM-diagnosed women assuming no time-by-
inflection point interaction (eg, adjusted rates continuing the trajectory before 2011).
►► Model 2: the predicted quarterly outcome rate
among non-
GDM-
diagnosed women assuming no
3
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Figure 1 Scenarios applying prechange or postchange outcome rates to the ‘previous GDM’ and ‘additional GDM’ groups to
get a total predicted outcome rate. GDM, gestational diabetes mellitus.

time-
by-
inflection point interaction (eg, adjusted
rates continuing the trajectory before 2011).
►► Model 3: the predicted quarterly rate of the outcome
among non-GDM-diagnosed women including the time-
by-inflection point interaction (ie, the model fit to the
actual non-GDM data across the entire time period).
We then applied these prediction models to the
segmented GDM population to form three predicted
scenarios as shown in figure 1. We applied model 1 to
the ‘previous GDM’ group in each scenario, and one of
the three models to the ‘additional GDM’ group. The
scenario descriptions were:
►► Scenario A: the ‘additional GDM’ group predicted
to have similar intervention/outcome rates to those
predicted for the ‘previous GDM’ group before the
diagnostic change, that is, those diagnosed under the old
criteria.
►► Scenario B: the ‘additional GDM’ group predicted
to have similar intervention/outcome rates to those
predicted for the non-
GDM group before the diagnostic change, that is, those not diagnosed under the old
criteria.
►► Scenario C: the ‘additional GDM’ group predicted to
have similar intervention/outcome rates to those of
the non-GDM group after the diagnostic change, that
is, those not diagnosed under the new criteria, with
contemporary intervention/outcome rates.
We summed the predicted probabilities of the outcomes
by quarter and summed the totals from each segment
(‘previous GDM’ and ‘additional GDM’) and divided
4

by the total number of births in that year and quarter
to calculate three predicted rates after the diagnostic
change. We compared the predicted rates with the actual
(observed) outcome rates for those diagnosed with GDM
across the entire follow-up period as well as smoothed,
modeled rates. We used bootstrapping to determine the
uncertainty around the prediction estimates, resampling
(with replacement) 500 data sets of n=500 000 from the
main analysis data and rerunning the whole analysis
including segmenting the GDM group and rerunning
the prediction analyses and actual incidences. We created
95% CIs from the results of the 500 replications.
RESULTS
There were 967 987 singleton births in NSW from January
2006 to December 2015. After exclusions, the final study
population included 877 895 singleton births, 33–41
weeks’ gestation (71 740 with GDM and 806 155 with no
diabetes; online supplemental figure 1). The percentage
of pregnancies with a diagnosis of GDM increased from
5.8% in 2006 to 12.8% in 2015.
Table 1 shows the characteristics of the study population, comparing those diagnosed with GDM and those
without GDM. Women with GDM differed significantly
from those with no GDM on all the characteristics
measured. Most notably, women diagnosed with GDM
were more likely to be ≥35 years old, live in a major city
and have a previous cesarean section, and less likely to be
born in Australia or New Zealand or have smoked during
BMJ Open Diab Res Care 2021;9:e002277. doi:10.1136/bmjdrc-2021-002277
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pregnancy. In the GDM group, the proportion of women
aged ≥35 decreased, while it increased very slightly in the
non-GDM group. Smoking decreased in both groups,
and the percentage of nulliparous women, women with
a previous cesarean section, and those with a PROM
increased in both groups. During the study period, there
was a decrease in the percentage of women who were
born in Australia or New Zealand in both the non-GDM
and GDM groups, and there was a particular increase in
the percentage of Southern Asian-born women among
the GDM group.
Table 2 shows the unadjusted outcomes by GDM status
and year. Across the entire study period, women diagnosed with GDM were more likely than women without
GDM to birth before 39 weeks, have a planned birth,
have a cesarean section, and were more likely to have
morbidity after the birth. The percentage of births at full
term (39–41 weeks) decreased for all births, and within
both GDM and non-GDM women, but the decrease was
greater among the women diagnosed with GDM. Overall
planned births increased in both groups, as did planned
births <39 weeks and rates of total cesarean sections.
Maternal morbidity increased very slightly over the study
period, overall and for both GDM and non-GDM groups.
Compared with babies of women with no diabetes, babies
of women with GDM were more likely to die in the perinatal period (either stillbirth or in the first 4 weeks of
life), and experience morbidity at birth. Babies of women
with GDM were less likely to have macrosomia at birth
(birth weight >4 kg), but more likely to be large for gestational age (birth weight >90th centile for gestational age)
and were 8.5 times more likely to have hypoglycemia at
birth. Perinatal mortality decreased significantly for the
overall and non-GDM group, and also reached a low
for the GDM group at the end of the study period, but
the trend was not linear in the GDM group (perinatal
mortality increased and then decreased) and therefore
the test of the linear trend was not significant. Over the
study period, there was a decrease in the percentage of
babies born with macrosomia and large for gestational
age, particularly among the GDM group.
We used a piecewise non-linear regression model on
summarized quarterly data and identified the last quarter
of 2010 as the inflection point in the incidence of GDM.
We then ran an adjusted Poisson regression model,
including a parameter for quarterly time, and the incrementing time after the breakpoint (quarter 1, 2011), with
GDM as the outcome. With the assumption that there was
no change in the diagnostic criteria, and that the same
trend from 2006 to 2010 would have continued as is, the
predicted incidence of GDM was 8.3% in the last quarter
of 2015, considerably lower than the actual GDM incidence of 14.0% in the last quarter of 2015. We used the
predicted and actual trends to split the GDM-diagnosed
women into the proportion who would have been diagnosed with GDM using the previous criteria (‘previous
GDM’) and the additional proportion diagnosed since
the criteria change (‘additional GDM’; figure 2).
6

Applying the adjusted models of outcome rates to the
‘previous GDM’ group and the ‘additional GDM’ as in
figure 1, and summing the predicted probabilities by
quarter, we plotted the predicted outcome rates against
the actual outcome rates for women with GDM, with the
denominator as all pregnancies/births with and without
GDM (figure 3).
For planned births, early planned births and total
cesarean sections, the scenario A prediction was the
closest to the actual rate, indicating that both the
‘previous GDM’ and the ‘additional GDM’ groups were
continuing on the same trajectory as the ‘previous GDM’
group before 2011. In contrast, the actual maternal
morbidity incidence most closely fit scenario C though
there was overlap in the CIs for all predictions. All the
predicted perinatal death rate scenarios were higher
than the actual rate, even when the non-GDM rates were
applied to the ‘additional GDM’ group. The actual rate
of neonatal morbidity was higher than all the predicted
scenarios, although it was within the confidence limits
for the predictions, and the predicted scenarios were
very close to each other. Scenario A was the closest fit for
the actual rate of macrosomia suggesting that the ‘additional GDM’ women were having similar rates of babies
with macrosomia as the ‘previous GDM’ group, and
these rates were lower than the non-GDM group. There
was very little difference between the scenarios for the
predicted incidence of large for gestational age babies,
and all were similar to the actual rate. The actual rate
of neonatal hypoglycemia was lower than that predicted
by scenario A and was closer to scenarios B and C, indicating that the ‘additional GDM’ group had lower rates of
neonatal hypoglycemia than the ‘previous GDM’ women,
GDM women,
but slightly higher rates than the non-
although within the CI for the predictions.
DISCUSSION
Our whole-of-population study found that the rates of
GDM more than doubled from 2006 to 2015 (5.8% to
12.8% respectively). Overall, our results suggest that
there has been an increase in obstetric interventions
(ie, planned rather than spontaneous births) since the
change in diagnostic criteria with the women meeting
the new criteria but not the old, having the same intervention rates as those who met the old criteria. Total
cesarean section rates were also close to the predictions
assuming all the GDM-diagnosed women were like the
previously diagnosed ones. Despite increased intervention, there were no clear improvements in the composite
maternal morbidity indicator, and in fact, maternal
morbidity increased slightly over the study period
from 1.4% (2006) to 1.9% (2015). Neonatal morbidity
also increased, and there was a doubling in the rate of
neonatal hypoglycemia in the total cohort from 2.4% to
4.8%. There were lower rates of macrosomia and perinatal mortality, although the mortality did not appear to
be related to the diagnostic change.
BMJ Open Diab Res Care 2021;9:e002277. doi:10.1136/bmjdrc-2021-002277
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3.0

9.2

10.4

2.4

0.19

1.8

30.1

16.8

46.4

69.8

25.6

4.6

1.3 (1.2 to 1.5)
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4.2 (3.9 to 4.5)

0.1 (0.0 to 0.3)

*Percentage difference in total ‘No GDM’ and ‘GDM’ percentages.
†Rate difference, average 10-year linear change estimated using linear regression across 2006–2015.
‡Maternal morbidity outcome indicator.15
§Neonatal adverse outcome indicator.16
GDM, gestational diabetes mellitus.
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Figure 2 Predicted incidence of GDM by quarter assuming
no change in diagnostic criteria (‘previous GDM’) and
estimated additional GDM cases since the criteria change
(‘additional GDM’). GDM, gestational diabetes mellitus.

The increase in GDM incidence was more than
expected from changing demographics and pregnancy
risk factor profiles, and an inflection point at the end
of 2010 was identified, when the incidence began to
increase more steeply. This coincided with the publication of the IADPSG recommendations,5 but the take-up

of these recommendations was gradual in NSW, as was
the increase in incidence. The incidence increase in our
study population was similar to published results from
single-center Australian studies: 8.2% (2014) to 11.6%
(2016; all births in a metropolitan hospital),22 5.9%
(2014) to 10.3% (2016; all singleton births in a metropolitan hospital),10 and 9.8% (2014) to 19.6% (2015; births
in a regional hospital).9 The advantage of our study was
that we examined the entire cohort of women delivering
babies between 2006 and 2015 in a large jurisdiction.
The actual incidence of planned and early planned
births among those diagnosed with GDM suggested that
the ‘additional GDM’ group was treated similarly in terms
of obstetric intervention, such as induction of labor and
planned cesarean section, to the group diagnosed with
GDM under the old criteria. Interestingly, the incidence
of macrosomia among those with GDM was also closest to
scenario A, lower than the rate predicted by scenarios B
and C, and indeed lower than the non-GDM group. The
most likely explanation for this observation is that the
diagnosis of GDM influenced obstetric decision-making
about timing of birth, with greater rates of planned birth
<39th week, and hence lower likelihood of birth weight
>4 kg. Though macrosomia rates were reduced in the
‘additional GDM’ group, large for gestational age rates

Figure 3 The percentage of women with GDM and each outcome (actual and smoothed rates) out of all cohort pregnancies,
compared with the three scenario predictions and bootstrapped 95% CIs for (A) planned births, (B) planned births <39 weeks,
(C) cesarean sections, (D) maternal morbidity, (E) perinatal death, (F) neonatal morbidity, (G) macrosomia >4kg, (H) large for
gestational age, and (I) neonatal hypoglycemia. GDM, gestational diabetes mellitus.
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in the ‘additional GDM’ group were similarly predicted
by all three scenarios suggesting the fetal overgrowth rate
was not very different for the GDM and non-GDM groups,
but earlier delivery for the GDM group was leading to
lower rates of macrosomia.
Predicted rates of maternal morbidity and neonatal
morbidity were very close for all scenarios, with confidence
intervals of the predictions overlapping the smoothed
actual rates, suggesting that the earlier intervention and
lower rates of macrosomia were not impacting significantly on morbidity for the mother or baby. The actual
incidence of perinatal mortality among those with GDM
was lower than all scenarios. If this reduction was due to
the changed diagnostic criteria, we would have expected
to see a change in the rates for the additionally diagnosed
women only, but we saw them for all those diagnosed with
GDM from 2011 onwards. There was also a decrease in
perinatal mortality in the women without GDM over the
study time period. Neonatal hypoglycemia affected 17.9%
of neonates born to women with GDM during the study
period. The actual incidence of neonatal hypoglycemia
was lower than that predicted by scenario A, and was
closer to that predicted by scenarios B and C, suggesting
that babies of the ‘additional GDM’ group had a lower
risk of hypoglycemia than the ‘previous GDM’ group.
Overall, though, the rate of hypoglycemia increased in
the study period. Many guidelines for neonatal management in the setting of GDM pregnancy recommend serial
heel prick blood glucose measurements of the neonate
after birth. Therefore, ascertainment bias may account
for this overall increase in neonatal hypoglycemia.
We know from the HAPO study that there was a continuous relationship between severity of hyperglycemia
and adverse outcomes,4 but the HAPO study was not a
randomized clinical trial, and it could not determine
whether treating the higher risk pregnancies would have
a significant impact on outcomes. A recent randomized controlled trial conducted in the USA compared
outcomes after either the one-
step or two-
step GDM
diagnostic approach, finding no significant differences
in maternal or perinatal outcomes, even though twice as
many women were diagnosed with GDM with the one-
step approach. The authors concluded that the additional burden for women and increased healthcare costs
of the one-step approach were not justified.23 Studies
in Australia comparing outcomes before and after the
change in diagnostic criteria have found no significant
improvements in major outcomes,10 24 but one found
increased costs due to the ‘high risk’ mode of care for
the increasing percentage of women with GDM. Our
study, likewise, found no clear advantage to the mother
or neonate since the gradual adoption of the new diagnostic criteria in NSW.
The ‘high risk’ mode of care is not the only potential
source of increased costs. The Australian Carbohydrate
Intolerance Study in Pregnant Women trial, a treatment
trial for women with GDM diagnosed after the two-step
approach, did find that serious perinatal complications
BMJ Open Diab Res Care 2021;9:e002277. doi:10.1136/bmjdrc-2021-002277

were lower in the intervention group (dietary advice,
blood glucose monitoring, insulin as needed) than the
group receiving routine care, but that more infants in
the treatment group were admitted to neonatal care
and the rate of induction was higher versus the routine
care group.25 A recent study has shown that babies born
following labor induction or prelabor cesarean spend
more time in hospital and have higher hospital costs
than those born following spontaneous labor, with cost
increasing with each decreasing week of gestational
age.26 There are also longer term developmental and
educational outcomes that can be impacted by planned
births before full term,27 and therefore the trade-off in
risks versus benefits must be made carefully for each
pregnancy.
Research is currently being undertaken to develop risk
prediction models to understand the differing risk levels
within the heterogenous group of women now diagnosed
with GDM. A recent review of published prediction models
noted the potential for such models to enable more personalized models of care for women with GDM, but found
limitations in the current studies, highlighting the need for
further work in this area.28 More personalized risk prediction
is one important step, but we must also take steps to embed
consumer voices in clinical decision-making. In a pilot study
of a ‘community jury’, Thomas and colleagues explored the
priorities and preferences of women potentially impacted
by a diagnosis of GDM, and found that women prioritized
the emotional consequences of a diagnosis, rather than the
clinical ones, and their priorities were different from those
of clinicians.29
Strengths and limitations
A major strength of our study was that we had a whole population of births in a high-quality linked data set and were
able to examine trends over a 10-year time period, taking
into account existing trajectories in outcomes. However, due
to the use of population-level linked data, we had limited
clinical detail in the data, with no access to the results of the
glucose tolerance tests, nor an indicator of which women
were diagnosed using the old or new criteria. This, and the
gradual uptake of the new diagnostic criteria over the study
period, meant we were not able to identify which women
would have been diagnosed under the different criteria. This
limitation was the prompt for our statistical methodology,
using prediction models to account for the gradual adoption, with the ‘additional GDM’ group gradually increasing
over time. There were other changes that occurred during
the study time period, such as changes to the therapeutic
targets for women diagnosed with GDM. The recommended therapeutic targets were lowered in many centers
over the study period, meaning that women were being
treated more aggressively over the same period when the
diagnostic criteria were changed. As a result, it is difficult to
disentangle the impacts of changed diagnostic versus therapeutic targets during this period that may impact women
with GDM. However, a recent Australian study showed no
9
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difference in outcomes between tight and standard GDM
treatment targets30 so the impact is likely small.
CONCLUSION
Our study found that the change in diagnostic criteria
is associated with increasing obstetric intervention rates
leading to more babies being born before full term, without
a clear improvement in health outcomes, and the long-
term health and resource implications must be considered,
particularly since the incidence of GDM continues to rise.
Further research must address the differing risk levels within
the heterogenous group of women now diagnosed with
GDM, so that clinical decisions can be more judicious than
applying a universal rule to the timing of delivery in women
with ‘higher-risk’ pregnancies.
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Supplementary Table 1. Maternity service levels for public hospitals in NSW.
Level
6

Type
Tertiary, specialist obstetric services

5

Regional referral, metropolitan
services

4

Regional-referral, metropolitan district
services

3

Country district and smaller
metropolitan services

2

Small maternity services

1

Local maternity service (no births)

Description
Normal, moderate and high-risk births, with Level 3
neonatal intensive care.
Care for mothers and infants known to be at high risk. Able
to cope with complications arising from these risk factors.
Has Level 2a neonatal care.
Birth and care for mothers and/or babies with moderate
risk factors. Obstetricians and paediatrician available 24
hours a day, 7 days a week. Rostered resident medical staff,
specialist anaesthetist on call. Has Level 2b neonatal care.
Care for mothers and infants at normal risk and selected
moderate risk pregnancies and births. Full resuscitation and
theatre facilities available. Rostered obstetricians, resident
medical staff and midwives. Accredited general
practitioners, specialist anaesthetist on call. Has Level 2b
neonatal care.
Normal-risk pregnancy and births only. Staffed by general
practitioners and midwives.
Postnatal only for women with normal outcomes.

1
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Supplementary Table 2. Detailed definitions and ICD-10-AM codes for exposure, outcomes, covariates and
exclusion criteria.
Variable
Exposure
Gestational
diabetes
mellitus
Outcomes
Total planned
births
Early planned
births
Caesarean
sections
Maternal
morbidity

Data

Description

Codes

APDC,
PDC

Diagnosis of gestational diabetes
in the antenatal admissions or
birth record (APDC) or in the
births data (PDC)

O24.4 OR
Gestational diabetes (odiab) = 1

PDC

Planned caesarean sections or
inductions
Planned caesarean sections or
inductions <39 weeks
All Caesarean sections

Labour onset = ‘Induction’ or ‘No labour’

PDC
PDC

Labour onset = ‘Induction’ or ‘No labour’ and
gestage < 39
Type of delivery = ‘Caesarean’

Composite indicator of maternal morbidity initially developed by Roberts et al, 2008(1) with
the following components:
APDC
Blood transfusion
Z51.3, 13706-01, 13706-02, 13706-03, 9206100, 92062-00, 92206-00
APDC
Acute abdomen
K35, K37, K65.0, K65.9, N73.3, N73.5
APDC
Acute renal failure
O90.4, N17, N19, N99.0
APDC
Acute psychosis
F53.1, F23
APDC
Cardiac arrest, failure, or
I21, I42, I43, I46, I50, J81, O74.2, O89.1,
infarction
O90.3, O29.1
APDC
Cerebral oedema or coma
G93.6
APDC
Disseminated intravascular
D65
coagulopathy
APDC
Cerebral-vascular accident
I61, I62, I63, I64
APDC
Major complications of
O74.0, O74.2, O74.3, O89.0, O89.2, O29.0,
anaesthesia
O29.2
APDC
Obstetric embolism
O88
APDC
Shock
R57, O75.1, T80.5, T88.6
APDC
Sickel cell anaemia with crisis
D57.0
APDC
Status asthmaticus
J46
APDC
Status epilepticus
G41
APDC
Uterine rupture
O71.0, O71.1
APDC
Apheresis
Z51.81
APDC
Ventilation
13857-00, 13879-00, 13882-00, 13882-01,
13882-02, 92038-00, 92039-00, 92040-00,
92041-00, 92209-00, 92209-01, 92209-02,
92211-00
APDC
Tracheostomy
41880-00, 41883-00, 41883-01, 41881-00,
41881-01, 90179-06, 92046-00, 92047-00
APDC
Endotracheal intubation
22007-00, 22007-01, 22008-00, 22008-01
APDC
Mechanical ventilation >8
8< hours_on_mech_ventilation <999
APDC
Nasopharyngeal intubation
90179-02, 90179-05
APDC, Curettage, in combination with a
16564-00, 16564-01
PDC
general anaesthetic
AND
92514, 92502-00, 92502-01, 92502-02, 9250203 OR General anaesthetic = ‘1’ (PDC)
APDC
Dialysis
13100, 13112-00, 90351-00, 13109-00, 1310901, 13110-00
APDC
Evacuation of haematoma
90484-00, 90484-01, 90484-02, 30394-00
APDC
Hysterectomy
35653-00, 35653-01, 35653-02, 35653-03
APDC
Procedures to reduce blood flow
34103-12, 33833-03, 33845-00, 30385-00,
to the uterus
35759-00
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Data
APDC
APDC,
PDC

Description
Reclosure of disrupted CS wound
Repair of bladder following a
caesarean

APDC
APDC

Cystostomy
Repair of intestine

APDC
APDC

Repair ruptured or inverted uterus
Therapeutic plasmapheresis,
leukopheresis, erythropheresis,
plateletpheresis
Stillbirth

PDC

Codes
30403-03
90480-00, 37004-03, 37004-02
AND
16520-00, 16520-01, 16520-02, 16520-03 OR
Delivery = ‘Caesarean’ (PDC)
37011-00, 37008-01
30566-00, 30375-19, 30565-00, 30375-24,
32003-00, 32000-00, 32003-01, 32000-01,
32005-01, 32004-01, 32006-00, 32006-01,
32005-00, 32004-00, 32012-00, 32009-00,
30375-25, 43816-02
90478-00, 16570-01
13750-00, 13750-01, 13750-02, 13750-03

Perinatal death type =’Stillborn’ or (Apgar
score 1min = 0 AND Apgar score 5min = 0) or
Main indication for induction =’Fetal death’
RBDM Neonatal death
0<=(RBDM date of death- PDC date of
birth)<29 days
APDC
Neonatal death
Mode of separation = ‘Died (autopsy)’ OR
‘Died (no autopsy)’ AND 0<=(Episode end
date-PDC date of birth)<29
Composite indicator of neonatal morbidity initially developed by Lain et al(2) and updated by
Todd et al(3) removing IV nutritional feeding and non-invasive ventilation, due to coding and
practice changes over time. Includes the following components:
PDC
Gestational age < 32 weeks
gestage < 32 and birthweight <2500
PDC
Birthweight < 1500g
birthweight < 1500
PDC,
Death within 28 days of birth
See neonatal death above
APDC,
RBDM
APDC
Birth trauma
P10.0, P10.1, P10.2, P10.3, P13.0, P13.2,
P13.3, P14.0, P14.1
APDC
Cerebral conditions
P52.1, P52.2, P91.2, P91.5, P91.81, P91.6, P90,
R56, I63
APDC
Respiratory conditions
P23, J12, J13, J14, J15, J16, J17, J18,
P22.0, P27.1, P28.0, P28.5
APDC
Sepsis/septicaemia
P36, A40, A41.5, A41.9, B95.1, 96.2
APDC
Necrotising enterocolitis
P77
PDC
Resuscitation or intubation
Resuscitation of baby = ‘IPPR: with intubation’
OR ‘External cardiac massage and ventilation’
APDC
Transferred to a higher-level
facility within 24 hrs
APDC
Hours of mechanical ventilation
2<= hours_on_mech_ventilation <999
>=2
APDC
Invasive ventilation procedure
92211-00, 13882-00, 13882-01, 13882-02,
13857-00, 13879-00, 22007, 22008, 90179
APDC
Resuscitation procedure
92052, 92053, 92042-00, 90225
APDC
Arterial/central catheter procedure 38206, 38200-00, 38203-00, 13303-00, 3452400, 34530-01, 13300-02, 13319-00, 13815
APDC
Transfusion of blood or blood
13306-00, 13706-01, 13706-02, 13706-03,
products
13706-04, 92206-00
APDC
Intravenous fluid procedure but
96199-00, 96199-01, 96199-03, 96199-04,
no nutritional feeding
96199-05, 96199-06, 96199-10, 92181-00,
92182-00, 92183-00, 92185-00, 92188-00,
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Variable

Data
APDC

Description
Surgical procedures

Macrosomia
Large for
gestational age
Neonatal
hypoglycaemia
Covariates
Maternal age
Country of birth

PDC
PDC

Birthweight > 4kg
Birthweight >90th percentile
weight for gestational age
Neonatal hypoglycaemia

Previous
Caesarean
Assisted
reproductive
technology
Smoked in
current
pregnancy

PDC

Any previous Caesarean section

Age<20, 20<=age<35, Age>=35
Australia and New Zealand: 1000 - 1299
Rest of Oceania and Antarctica: 1300 – 1699
Europe: 2100 – 2499, 3100 – 3399, 0911,
0912, 0913, 0914, 0923
North Africa and the Middle East: 4000 – 4299
South-East Asia: 5000 – 5299
North-East Asia: 6100 – 6299, 0917
Southern Asia: 7100 - 7199
Central Asia: 7200 - 7299
North America: 8000 - 8199
Latin America and the Caribbean: 8200 – 8499
Sub-Saharan Africa: 9000 - 9299, 0918
Total no. of previous caesarean section > 0

APDC

Any code up to 1 year before birth

Z31.1, Z31.2, Z31.3

PDC

Any smoking during current
pregnancy

Any
hypertension in
current
pregnancy

APDC

Any hospital code in antenatal
period and at birth
Hypertension coded at birth
admission

Smoking during pregnancy = 1 OR
Smoking during first half of pregnancy = 1 OR
Smoking during the second half of pregnancy =
1
I10, O10, O11, O13-O16

Prelabour
rupture of
membranes
(PROM)
Placental issues

APDC

APDC

PDC
PDC,
APDC
(if
missing
PDC)

PDC

PDC
APDC

Standard Australian Classification
of Countries (SACC)

PROM coded in antenatal period
or at birth
PROM coded at birth
Placenta praevia, placenta accrete,
placental abruption coded in
antenatal period or at birth

Codes
31462-00, 30378-00, 30564-00, 30565-00,
30566-00, 30571-00, 30615-00, 30617-00,
32123-00, 43801-00, 43807-00, 43816-02,
43870-00, 43930-00, 43945-00, 43963-00,
30373, 30375, 30562, 30601, 43837, 43843,
43864, 43867, 43873, 43876, 43978, 38600-00,
90224-00, 96219-00, 96220-00, 387###,
39640-00, 90032-00, 40100-00, 40103-00,
39015, 40003, 38403-00, 38803-00, 38409-00,
38806-00, 43852-00, 43900-00, 43915-00,
41881, 41883, 90180, 36624-01, 36516, 36537,
36564, 36579
bweight>4000
bweight and gestage compared with
birthweight percentiles from Dobbins et al (4)
P70.0, P70.1, P70.4

Chronic hypertension = 1 OR
Pregnancy-induced hypertension = 1 OR
Pregnancy-induced hypertension – proteinuric
= 1 OR
Pregnancy-induced hypertension – nonproteinuric = 1
O42
Main indication for induction = PROM
O44.0, O44.1, O43.2, O45, O45.0, O45.8,
O45.9
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Variable
Exclusions
Existing
diabetes

Data

Description

Codes

APDC
PDC

Existing diabetes

Gestation

PDC

Antenatal care

PDC

>33 weeks and >41 weeks
gestation and missing
No antenatal care before 32 weeks

O24.0, E10, O24.1, E11, O24.2, O24.3, E13,
E14 or mdiab=1 in current pregnancy or 5
years before current date of birth
33<=gestage<=41 OR gestage=.

Not NSW
resident
Congenital
anomalies

PDC
APDC

SLA of residence not NSW or
unknown
Major congenital anomalies

Linkage error

PDC

Probable linkage errors

Duration of pregnancy (weeks) at first
antenatal visit >=32
SLA 2011 Code not in NSW or unknown
Q00-Q07, Q20, Q21.2-Q21.9, Q22-Q24,
Q25.2-Q25.9, Q26, Q39, Q60-Q61, Q62.0Q62.6, Q62.8, Q63-Q64, Q77-Q78, Q79.0Q79.4, Q79.50-Q79.51, Q90-Q99
Repair procedures
43837, 30601, 43915, 30527-01, 30527-03,
43801-00, 30601-00, 43843, 43852-00, 4390300, 43900-00, 43855-00, 38453-04, 43864,
43867, 43873, 43870-00, 30375-19, 40103-00,
40100-00, 40003, 90224-00
Births for one mother that are too close (e.g.
two births within the gestation period for one
birth)
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Supplementary Figure 1. Study population and exclusions.
Singleton births in NSW January 2006 to
December 2015
n=967,987
Exclusions:
Births <33 weeks, >41 weeks and
gestational age missing

n=25,170

Not NSW resident or unknown

n=13,234

Major congenital anomaly

n=11,200

No antenatal care before 32 weeks

n=25,942

Missing data on analysis variables

n=26,486

Probable linkage errors

n=1220

Existing diabetes

n=7550

Final analysis data, singleton births 33-44 weeks’
gestation
n=877,895
Gestational diabetes
(GDM)

No diabetes (nonGDM)

n=71,740 (8%)

n=806,155 (92%)
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