
The Lancet Regional Health - Western Pacific 1 (2020) 10 0 0 05 

Contents lists available at ScienceDirect 

The Lancet Regional Health - Western Pacific 

journal homepage: www.elsevier.com/locate/lanwpc 

Research paper 

Diabetes during pregnancy and birthweight trends among Aboriginal 

and non-Aboriginal people in the Northern Territory of Australia over 

30 years 

Matthew J.L. Hare 

a , b , ∗, Federica Barzi a , Jacqueline A. Boyle 

c , Steven Guthridge 

d , 
Roland F. Dyck 

e , Elizabeth L.M. Barr a , f , Gurmeet Singh 

g , h , Henrik Falhammar a , b , i , j , 
Vanya Webster k , Jonathan E. Shaw 

f , l , Louise J. Maple-Brown 

a , b 

a Wellbeing and Chronic Preventable Diseases Division, Menzies School of Health Research, Charles Darwin University, Darwin, Northern Territory, Australia 
b Department of Endocrinology, Royal Darwin Hospital, Darwin, Northern Territory, Australia 
c Monash Centre for Health Research and Implementation, Monash University, Clayton, Victoria, Australia 
d Centre for Child Development and Education, Menzies School of Health Research, Darwin, Northern Territory, Australia 
e Department of Medicine, Canadian Centre for Health and Safety in Agriculture, University of Saskatchewan, Saskatoon, Canada 
f Clinical Diabetes and Epidemiology, Baker Heart and Diabetes Institute, Melbourne, Victoria, Australia 
g Child Health Division, Menzies School of Health Research, Darwin, Northern Territory, Australia 
h Department of Paediatrics, Royal Darwin Hospital, Darwin, Northern Territory, Australia 
i Department of Molecular Medicine and Surgery, Karolinska Institutet, Stockholm, Sweden 
j Department of Endocrinology, Metabolism and Diabetes, Karolinska University Hospital, Stockholm, Sweden 
k Indigenous Reference Group, Diabetes across the Lifecourse: Northern Australia Partnership, Menzies School of Health Research, Darwin, Northern Territory, 

Australia 
l Department of Epidemiology and Preventive Medicine, Monash University, Melbourne, Victoria, Australia 

a r t i c l e i n f o 

Article history: 

Received 19 May 2020 

Revised 15 June 2020 

Accepted 29 June 2020 

Available online 24 July 2020 

a b s t r a c t 

Background: Early-life risk factors, including maternal hyperglycaemia and birthweight, are thought to 

contribute to the high burden of cardiometabolic disease experienced by Indigenous populations. We 

examined rates of pre-existing diabetes in pregnancy, gestational diabetes mellitus (GDM) and extremes 

of birthweight over three decades in the Northern Territory (NT) of Australia. 

Methods: We performed a retrospective cohort analysis of the NT Perinatal Data Collection from 1987 to 

2016, including all births > 20 weeks gestation, stratified by maternal Aboriginal identification. Key out- 

comes were annual rates of pre-existing diabetes, GDM, small-for-gestational-age, large-for-gestational- 

age, low birthweight ( < 2500 g), and high birthweight ( > 40 0 0 g). Logistic regression was used to assess 

trends and interactions. 

Findings: 109 349 babies were born to 64 877 mothers, 36% of whom identified as Aboriginal ethnicity. 

Among Aboriginal women, rates of GDM and pre-existing diabetes, respectively, were 3 · 4% and 0 · 6% in 

1987 and rose to 13% and 5 · 7% in 2016 (both trends p < 0 · 001). Among non-Aboriginal women, rates of 

GDM increased from 1 · 9% in 1987 to 11% in 2016 ( p < 0 · 001), while pre-existing diabetes was uncommon 

( ≤0 · 7% throughout). Rates of small-for-gestational-age decreased, while rates of large-for-gestational- 

age and high birthweight increased in both groups (all trends p < 0 · 001). Multivariable modelling sug- 

gests that hyperglycaemia was largely responsible for the growing rate of large-for-gestational-age births 

among Aboriginal women. 
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Research in context 

Evidence before this study 

Indigenous populations are disproportionately burdened 

by cardiometabolic conditions and there is growing interest 
in the role of intergenerational and early-life risk factors for 
adult disease. Pre-existing diabetes and gestational diabetes 
(GDM) are associated with adverse pregnancy and neonatal 
outcomes as well as long-term risk of cardiometabolic dis- 
ease in both the mother and offspring. Low birthweight and 

high birthweight are also associated with future risk of dia- 
betes and cardiovascular disease. A recent meta-analysis con- 
firmed that Indigenous women from populations with similar 
histories of colonisation are at increased risk of pre-existing 
and gestational diabetes. However, existing evidence regard- 
ing contemporary trends in rates of diabetes during preg- 
nancy and adverse birthweight in Indigenous populations is 
limited. 

We searched PubMed with no language restrictions for 
human studies published prior to 29th February 2020 re- 
lating to Indigenous populations and either birthweight 
or hyperglycaemia in pregnancy. Search terms for In- 
digenous populations included “Indigenous Peoples”[MeSH], 
“Oceanic Ancestry Group”[MeSH], “Indians, North Ameri- 
can”[MeSH], “Aboriginal”[Text], “Indigenous”[Text] or “First 
Nations”[Text]. Diabetes search terms included “Diabetes, 
Gestational”[MeSH], “Pregnancy in Diabetics”[MeSH], “Di- 
abetes in pregnancy”[Text], “Pre-existing diabetes”[Text], 
“Pre-gestational diabetes”[Text], “Hyperglycemia in preg- 
nancy”[Text] or “Hyperglycaemia in pregnancy”[Text]. Birth- 
weight search terms included “Birth Weight”[MeSH], “birth 

weight”[Text] or “birthweight”[Text]. The search identified 

721 publications, of which 55 reported relevant data regard- 
ing hyperglycaemia in pregnancy, high birthweight, or large- 
for-gestational-age. Of those, 13 reported on trends over time, 
including nine focusing on diabetes, three on macrosomia 
and one on indications for induction of labour. Only one of 
these included diabetes data from within the last decade. 
While studies confirmed that maternal hyperglycaemia was 
associated with higher birthweights, none investigated asso- 
ciations between the population-level trends in diabetes and 

large-for-gestational-age. 

Added value of this study 

In this population-based study of 109 349 births (36% to 
Aboriginal mothers) in the Northern Territory (NT) of Aus- 
tralia, we report increased rates of GDM, high birthweight 
and large-for-gestational-age between 1987 and 2016. Rates 
of pre-existing diabetes among pregnant Aboriginal women 

increased substantially. We believe Aboriginal women in the 
Central Australia region of the NT now have the highest 
ever reported prevalence of pre-existing diabetes in preg- 
nancy (8 · 4% in 2016). The trends in large-for-gestational-age 
among births to Aboriginal mothers were strongly associ- 
ated with the growing burden of GDM and pre-existing dia- 
betes. We also observed favourable trends among pregnancies 
to Aboriginal women in relation to maternal age, stillbirth, 
p  
yperglycaemia in pregnancy has grown substantially in the NT over three

weight trends. The prevalence of pre-gestational diabetes in Aboriginal

 the world. 

earch Program. 

© 2020 The Authors. Published by Elsevier Ltd.

This is an open access article under the CC BY-NC-ND license.

( http://creativecommons.org/licenses/by-nc-nd/4.0/ )

preeclampsia, engagement with antenatal care and small-for- 
gestational-age. 

Implications of all the available evidence 

While recent decades have seen improvements in some 
perinatal outcomes among Indigenous populations, the grow- 
ing burden of metabolic disease during pregnancy is concern- 
ing. High rates of hyperglycaemia in pregnancy has the po- 
tential to drive an escalating cycle of intergenerational car- 
diometabolic risk. Effective public health strategies, devel- 
oped in partnership with Indigenous communities, are re- 
quired to address this challenge. 

ntroduction 

The global epidemic of diabetes over recent decades has dis-

roportionately affected Indigenous peoples, who have some of the

ighest prevalence rates of diabetes and diabetes-related complica-

ions [1] . In Australia, Aboriginal and Torres Strait Islander people

xperience high rates of morbidity and premature mortality due to

hronic disease and there is growing interest in the role of inter-

enerational and early-life cardiometabolic risk factors [2] . 

In multiple different populations, in-utero exposure to maternal

yperglycaemia has been associated with increased risk of diabetes

ater in childhood [ 2 , 3 ]. Similarly, both low and high birthweight

re associated with future risk of diabetes and cardiovascular dis-

ase in adult life [ 2 , 4 ]. While birthweight is not causative in these

ssociations, it is a useful marker of fetal wellbeing and growth, af-

ected by numerous factors, many relating to maternal health and

ealth behaviours. Investigating population trends in birthweight

nd hyperglycaemia in pregnancy improves understanding of re-

ent epidemiological transitions and current burden of disease. It

ay also have implications for the health of future generations.

xamining these trends together is of additional interest because

aternal hyperglycaemia contributes to excess fetal growth [5] .

yperglycaemia is also associated with numerous other pregnancy

omplications, including risk of preterm delivery and, thus, risk of

ow birthweight [5] . 

Hyperglycaemia in pregnancy can be due to pre-existing dia-

etes, including type 1 (T1D) and type 2 diabetes (T2D), or ges-

ational diabetes mellitus (GDM). Each has significant implications

or the short and long-term health of the mother and the baby

 2 , 5 , 6 ]. Furthermore, the burden of hyperglycaemia in pregnancy

n healthcare systems is growing due to the increasing prevalence

f overweight and obesity, later age at childbearing and changes to

creening practices and diagnostic criteria [7] . 

Aboriginal and Torres Strait Islander peoples have lived in Aus-

ralia for over 60 0 0 0 years and now constitute 3% of the na-

ional population. Since colonisation, Aboriginal people have expe-

ienced intergenerational trauma, systematised discrimination, so-

ioeconomic disadvantage and rapid loss of traditional lifestyles

8] . The Northern Territory (NT) of Australia spans an area of 1.35

illion km 

2 and has a population of 246 0 0 0 people [9] . A large

roportion of the population live in remote or rural areas and 30%

http://creativecommons.org/licenses/by-nc-nd/4.0/
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Table 1 

Demographic factors, maternal clinical history and pregnancy outcomes stratified by decade among Aboriginal and non-Aboriginal mothers in the Northern Territory 1987–

2016. 

Pregnancies of Aboriginal mothers( n = 39 327) Pregnancies of non-Aboriginal mothers( n = 68 753) 

1987–1996 1997–2006 2007–2016 1987–1996 1997–2006 2007–2016 

Denominator – Pregnancies n = 11 936 n = 13 532 n = 13 859 n = 21 311 n = 22 353 n = 25 089 

Rural/remote location 8836 (74) 9779 (72) 9532 (69) ∗ 7645 (36) 3856 (17) 3138 (13) ∗

Top end region 7693 (64) 9038 (67) 9248 (67) ∗ 16 822 (79) 18 636 (83) 21 500 (86) ∗

Maternal age 23 · 5 ± 5 · 7 24 · 1 ± 5 · 9 25 · 4 ± 6 · 1 ∗ 28 · 2 ± 5 · 3 29 · 4 ± 5 · 7 30 · 3 ± 5 · 5 ∗

Smoked during pregnancy NA 6174 (48) 6888 (51) ∗ NA 4740 (22) 2841 (12) ∗

Nulliparous 3774 (32) 4373 (32) 4427 (32) 9222 (43) 9709 (43) 11 269 (45) ∗

Pre-existing renal disease NA 291 (2 · 2) 345 (2 · 5) NA 119 (0 · 5) 68 (0 · 3) ∗

Pre-existing cardiac disease NA 649 (4 · 8) 763 (5 · 5) † NA 185 (0 · 8) 137 (0 · 6) ∗

Twin pregnancy 94 (0 · 8) 110 (0 · 8) 161 (1 · 2) ∗ 260 (1 · 2) 315 (1 · 4) 311 (1 · 2) 

Pre-term delivery 1641 (14) 2005 (15) 2137 (15) ∗ 1378 (6 · 5) 1706 (7 · 6) 1672 (6 · 7) 

Preeclampsia 915 (7 · 7) 784 (5 · 8) 662 (4 · 8) ∗ 1191 (5 · 6) 958 (4 · 3) 794 (3 · 2) ∗

Gestation at 1st antenatal review 20 (14–26) 18 (10–24) 13 (8–20) ∗ 13 (9–19) 12 (8–17) 10 (7–12) ∗

Caesarean delivery 2412 (20) 3210 (24) 3945 (29) ∗ 3598 (17) 5736 (26) 7984 (32) ∗

Induction of labour 1426 (12) 2263 (17) 3242 (23) ∗ 4413 (21) 5229 (23) 6511 (26) ∗

Denominator – Babies n = 12 036 n = 13 644 n = 14 020 n = 21 577 n = 22 668 n = 25 404 

Stillbirth 244 (2 · 0) 187 (1 · 4) 191 (1 · 4) ∗ 177 (0 · 8) 156 (0 · 7) 153 (0 · 6) † 

Denominator – Singleton livebirths n = 11 607 n = 13 238 n = 13 517 n = 20 888 n = 21 894 n = 24 640 

Gestation at delivery 40 (38–40) 39 (38–40) 39 (38–40) ∗ 40 (39–40) 40 (38–40) 39 (38–40) ∗

Male offspring 6006 (52) 6826 (52) 6995 (52) 10 742 (51) 11 228 (51) 12 665 (51) 

Birthweight, grams 3084 ± 614 3124 ± 650 3136 ± 670 ∗ 3337 ± 541 3379 ± 559 3403 ± 539 ∗

Data presented as n (%), mean ± SD, median (IQR). ∗P ≤ 0 · 001, † P < 0 · 05 for trend over decades. NA = not available. 
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dentify as Aboriginal people [9] . Given its remoteness, some ar-

as of the NT were not substantially affected by European coloni-

ation until the mid-20th Century and there remains great strength

f culture, diversity of language and connection to country. Studies

f long-term health trends among Indigenous populations globally

re often limited by historical deficiencies in data recording and

hanging propensity to identify as Indigenous. The NT is unique in

hat reliable health data for Aboriginal people have been recorded

or many years and individuals’ propensity to identify as Aboriginal

as been relatively stable [10] . 

In this context, we examined rates of pre-existing dia-

etes, GDM, large-for-gestational-age, high birthweight, small-for-

estational-age and low birthweight over three decades among all

irths to Aboriginal and non-Aboriginal women in the NT. 

ethods 

ata source 

We retrospectively analysed data from the NT Perinatal Data

ollection between 1st January 1987 and 31st December 2016.

he NT Perinatal Data Collection is a population-based census of

ll births in the NT, including hospital and non-hospital births.

he dataset includes extensive information relating to demograph-

cs, antenatal care, pregnancy, labour and childbirth, perinatal out-

omes, and maternal health, including diabetes status. The data

re collected and entered by midwives shortly following a delivery.

he dataset is maintained by the NT Department of Health. Hyper-

lycaemia in pregnancy status has been cross-referenced against

ospital admission records since 2008. Since 2014, additional data

rom the NT Diabetes in Pregnancy Clinical Register have also been

ncorporated [11] . 

tudy population 

Data from births of at least 20 weeks gestation were included.

or mothers who had more than one pregnancy during the study

eriod, each pregnancy was included. In the event of a multiple

regnancy (i.e. twins and triplets), the pregnancy was only counted

nce for the hyperglycaemia in pregnancy trend analyses. Analyses
f birthweight were conducted among singleton livebirths to main-

ain consistency with birthweight centile reference data. Records

issing a maternal identification number ( n = 32), baby’s date of

irth ( n = 8) or ethnicity ( n = 30) were excluded. 

utcome definitions 

Hyperglycaemia in pregnancy was recorded as pre-existing dia-

etes or GDM. Diagnostic criteria for GDM and T2D have changed

ver time. In 1991, the Australasian Diabetes in Pregnancy Soci-

ty (ADIPS) developed guidelines for universal GDM screening [12] .

rior to that, diverse approaches were used across Australia [13] .

n 2013, ADIPS adopted the International Association for Diabetes

n Pregnancy Study Groups (IADPSG) recommendations to imple-

ent a one-step screening process with revised diagnostic criteria

14] . Details of the different diagnostic thresholds used over time

or GDM and T2D are summarised in appendix Tables 1 and 2 . In-

ormation on type of pre-existing diabetes was only available from

014. Small-for-gestational-age was defined as < 10th percentile

nd large-for-gestational-age as > 90th percentile, according to na-

ional birthweight percentiles by sex and gestational age [15] . Low

irthweight was defined as < 2500 g [16] . High birthweight was de-

ned as > 40 0 0 g given the lower birthweights of Aboriginal babies

n average, as per previous NT Government reports [16] . 

ovariate definitions 

Aboriginal ethnicity is self-identified. The authors recognise the

mportance of using acceptable terminology to identify the diverse

ultures and peoples who make up Australia’s First Peoples. The

erm “Aboriginal” people is generally preferred in the NT context,

hereas “Aboriginal and Torres Strait Islander” people is the pre-

erred collective term nationally [17] . Maternal age is the mother’s

ge in years on the day she gave birth. Pre-term delivery indicates

irth prior to 37 weeks gestation. Urban and rural/remote loca-

ion is based on the usual residence of the mother, rather than

he location of the birth. Urban locations included the Darwin and

lice Springs urban districts, with other districts considered ru-

al/remote. NT region was based primarily on the hospital of birth

r, for non-hospital births, on the health district of the mother’s



4 M.J.L. Hare, F. Barzi and J.A. Boyle et al. / The Lancet Regional Health - Western Pacific 1 (2020) 10 0 0 05 

Table 2 

Odds ratios for large-for-gestational-age over time (per 10 years ∗) among singleton livebirths with and without adjustment for hyperglycaemia in pregnancy between 1987 

and 2016. 

OR (95% CI, p-value) for large-for-gestational-age over time ∗

Model 1 † Model 1 + GDM Model 1 + pre-existing diabetes Model 1 + GDM + pre-existing diabetes 

Aboriginal mothers ( n = 33 714) 1 · 12 (1 · 06–1 · 19, p < 0 · 001) 1 · 08 (1 · 02–1 · 14, p = 0 · 010) 1 · 07 (1 · 01–1 · 14, p = 0 · 016) 1 · 02 (0 · 96–1 · 08, p = 0 · 510) 

Non-Aboriginal mothers ( n = 61 479) 1 · 12 (1 · 08–1 · 16, p < 0 · 001) 1 · 11 (1 · 07–1 · 15, p < 0 · 001) 1 · 12 (1 · 08–1 · 16, p < 0 · 001) 1 · 11 (1 · 07–1 · 15, p < 0 · 001) 

ORs calculated using multivariable logistic regression. ∗Year of birth as a continuous variable divided by 10. † Adjusted for parity, gestation at first antenatal review, remote 

or rural location, and maternal age. OR = odds ratio, GDM = gestational diabetes mellitus. 
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usual residential location [16] . Smoking status incorporates current

smoking noted at any timepoint in pregnancy. Pre-eclampsia, ma-

ternal history of renal disease and maternal history of cardiac dis-

ease are as recorded in the dataset by midwives, without specific

definitions. These are likely based on diagnoses listed in the hos-

pital clinical record. Smoking status and history of renal or cardiac

disease have only been recorded since 1996. 

Statistical methods 

All analyses were stratified by maternal Aboriginal identifica-

tion. Descriptive analyses of the cohort were further stratified by

decade. Descriptive data are presented as number (%), mean ±
standard deviation or median (interquartile range). Trends in de-

scriptive variables over decades were assessed using linear regres-

sion for normally distributed continuous variables, logistic regres-

sion for binary variables and the Cuzick non-parametric test for

trend for non-normally distributed continuous variables. Hypergly-

caemia and birthweight trends data are presented as annual rates

(%) with 95% confidence intervals (CI). Statistical significance of

trends over time within each ethnic group were assessed using

logistic regression. Differences in the trends between the ethnic

groups were assessed using ethnicity-year interaction terms in lo-

gistic regression models. Given known demographic, historical and

epidemiological differences, additional subgroup analyses exam-

ined findings for Aboriginal women separately for the two broad

NT regions (Top End or Central Australia). The Aboriginal popula-

tion in the NT incorporates numerous distinct people groups, with

over 100 languages spoken [18] . The Top End and Central Australia

are the northern and southern regions, respectively, of the NT and

are serviced by two separate publicly-funded health services. Pre-

vious research has demonstrated differences in social factors, envi-

ronment, and health outcomes between these regions [ 19 , 20 ]. Hy-

perglycaemia in pregnancy rates were also assessed separately for

urban or remote/rural-dwelling mothers. The contribution of hy-

perglycaemia in pregnancy to the association between large-for-

gestational-age and time (in decades) was assessed using multi-

variable logistic regression with and without hyperglycaemia status

in the model. Other variables were selected for inclusion in these

multivariable models if an association with birthweight was plausi-

ble, a significant association was seen on univariable analysis and

the rate or distribution of the variable changed over time. To ac-

count for mothers who had more than one pregnancy during the

study period being included in these models on multiple occasions,

cluster-robust variance estimates were used. 

Data were non-missing in > 99% of records for all variables

aside from smoking status and gestation at first antenatal review.

Smoking status was missing (since 1996) for 3573 (7 · 5%) of non-

boriginal mothers and 4106 (15%) of Aboriginal mothers. If a

mother with missing smoking data for a pregnancy had more than

one pregnancy during the study period, her smoking status was

assumed to be the same as in her most recent pregnancy in which

it was recorded. Following this adjustment, 897 (3 · 3%) pregnan-

cies to Aboriginal mothers and 1749 (3 · 7%) pregnancies to non-

boriginal mothers were missing smoking data and were excluded
rom the descriptive analyses. The 3223 (8 · 2%) pregnancies to

boriginal mothers and 5426 (7 · 9%) pregnancies to non-Aboriginal

others missing gestation at first antenatal review were excluded

rom the descriptive analyses and multivariable logistic regression

odels. 

Analyses were performed in Stata v.15 · 1 (StataCorp, Texas). 

thics 

The study was approved by the Human Research Ethics Com-

ittee of the Northern Territory Department of Health and Men-

ies School of Health Research, including the Aboriginal Ethics

ub-Committee, and the Central Australian Human Research Ethics

ommittee. 

ole of the funding source 

The study was supported by a competitive grant from the Dia-

etes Australia Research Program. The funding body had no other

nput into the study. The corresponding author had full access to

ll data and final responsibility for the decision to submit for pub-

ication. 

esults 

ohort description 

From 1987 to 2016, 109 349 babies were born to 64 877 moth-

rs ( Fig. 1 ). Of these, 39 700 (36%) were born to Aboriginal moth-

rs, 83 998 (77%) were born in the Top End region and 43 199

40%) were born to mothers from rural or remote areas. Mean ma-

ernal age and birthweight increased over time among pregnan-

ies of both Aboriginal and non-Aboriginal mothers, while rates

f preeclampsia and stillbirth decreased ( Table 1 ). Rates of smok-

ng during pregnancy increased among Aboriginal mothers and de-

reased among non-Aboriginal mothers. Over the three decades,

omen completed their first antenatal review at earlier gestations

nd induction of labour and Caesarean delivery became more com-

on. 

Descriptions of the cohort stratified by region (Top End vs.

entral Australia) are presented in Appendix Tables 3 and 4. No-

able differences include lower rates of smoking and higher rates

f induction of labour in Central Australia for Aboriginal women.

mong non-Aboriginal women, Caesarean delivery and induction

f labour were more frequent in the Top End. 

yperglycaemia in pregnancy trends 

Rates of hyperglycaemia in pregnancy increased over time. The

ate of change varied between the ethnic groups as evidenced by

thnicity-year interactions for both GDM and pre-existing diabetes

both p < 0 · 001). Among Aboriginal women, the rate of GDM rose

rom 3 · 4% in 1987 to 13% in 2016 and the rate of pre-existing di-

betes during pregnancy rose from 0 · 6% in 1987 to 5 · 7% in 2016

 Fig. 2 A). GDM complicated 1 · 9% of pregnancies to non-Aboriginal
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Fig. 1. Flow chart showing cohort numbers of babies, mothers, pregnancies and 

singleton livebirths included in the study. 
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omen in 1987 compared to 11% in 2016, while pre-existing di-

betes was infrequent ( ≤0 · 7% throughout, Fig. 2 B). In the three

ost recent years of the study, T2D accounted for 99% and 55% of

re-existing diabetes among Aboriginal women and non-Aboriginal

omen, respectively (Appendix Table 5). 
ig. 2. Annual rates of gestational diabetes (GDM) and pre-existing diabetes among preg

haded areas are 95% confidence intervals. All trends p < 0 · 001. Point estimates for trends

DM and 2 · 54 (2 · 31–2 · 81) for pre-existing diabetes among Aboriginal women; and 1 ·
on-Aboriginal women. Mean total number of pregnancies per annum for Aboriginal and 

nd 2235 for the second decade, and 1386 and 2509 in the third decade. 
There were differences in GDM trends over time among Aborig-

nal women between regions ( p < 0 · 001 for interaction). GDM was

nitially more frequently reported in Central Australia, but since

010 has been more common in the Top End ( Fig. 3 ). Neverthe-

ess, contemporary overall rates of hyperglycaemia in pregnancy

re higher in Central Australia due to an increase in pre-existing

iabetes from 0 · 9% in 1987 to 8 · 4% in 2016 (all of which were

2D). There were more diagnoses of GDM and pre-existing dia-

etes in urban-dwelling Aboriginal women in the early years of

he study, but for the last decade both conditions were more com-

only reported among women from rural or remote areas (Ap-

endix Fig. 1). 

irthweight trends 

Trends in small-for-gestational-age were similar among births

o Aboriginal and non-Aboriginal mothers ( p = 0 · 297 for ethnicity-

ear interaction), with substantial reductions over time ( Fig. 4 ). The

ate of low birthweight did not change among births to Aborigi-

al mothers but decreased slightly among births to non-Aboriginal

others. High birthweight and large-for-gestational age became

ore common over time in both ethnic groups ( Fig. 5 ). The av-

rage increase in high birthweight and large-for-gestational-age

ates over time was greater among births to Aboriginal moth-

rs (ethnicity-year interactions: p = 0 · 041 for high birthweight,

 = 0 · 072 for large-for-gestational-age). In 1987, 4 · 4% of births

o Aboriginal mothers were large-for-gestational-age, compared to

0% in 2016. 

ssociations between hyperglycaemia and large-for-gestational-age 

ates 

Multivariable logistic regression models were used to assess

hether trends in large-for-gestational-age over time were related

o changing rates of hyperglycaemia in pregnancy ( Table 2 ). Among

irths to Aboriginal mothers, there was a 12% increase per decade

n the odds of large-for-gestational-age after adjustment for par-

ty, gestation at first antenatal review, remote or rural location and
nancies to (A) Aboriginal and (B) non-Aboriginal women between 1987 and 2016. 

, as odds ratios per 10 years (95% confidence interval), were: 1 · 66 (1 · 58–1 · 74) for 

88 (1 · 80–1 · 96) for GDM and 1 · 36 (1 · 17–1 · 57) for pre-existing diabetes among 

non-Aboriginal mothers, respectively, were 1194 and 2131 for the first decade, 1353 
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Fig. 3. Annual rates of gestational diabetes and pre-existing diabetes among pregnancies to Aboriginal women in (A) Top End and (B) Central Australia regions of the NT 

between 1987 and 2016. Shaded areas are 95% confidence intervals. All trends p < 0 · 001. Point estimates for trends, as odds ratios per 10 years (95% confidence interval), 

were: 1 · 97 (1 · 85–2 · 10) for GDM and 2 · 40 (2 · 09–2 · 75) for pre-existing diabetes in the Top End; and 1 · 29 (1 · 20–1 · 39) for GDM and 2 · 74 (2 · 37–3 · 16) for pre-existing 

diabetes in Central Australia. Mean total number of pregnancies per annum for Aboriginal women in the Top End and Central Australia regions, respectively, were 769 and 

422 for the first decade, 904 and 449 for the second decade, and 925 and 461 in the third decade. 

Fig. 4. Annual rates of small-for-gestational-age (SGA) and low birthweight ( < 2500 g) among singleton livebirths with (A) Aboriginal and (B) non-Aboriginal mothers between 

1987 and 2016. Shaded areas are 95% confidence intervals. All trends p < 0 · 001, except low birthweight in panel A ( p = 0 · 793). Point estimates for trends, as odds ratios per 

10 years (95% confidence interval), were: 0 · 78 (0 · 76–0 · 80) for SGA and 1 · 00 (0 · 97–1 · 04) for low birthweight among Aboriginal births; and 0 · 76 (0 · 74–0 · 78) for SGA 

and 0 · 91 (0 · 87–0 · 95) for low birthweight among non-Aboriginal births. Mean total number of singleton livebirths per annum for Aboriginal and non-Aboriginal mothers, 

respectively, were 1161 and 2089 for the first decade, 1324 and 2189 for the second decade, and 1352 and 2464 in the third decade. 
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maternal age (OR 1 · 12, 95% CI: 1 · 06–1 · 19, p < 0.001). Account-

ing for GDM in this model partially attenuated the increase in

large-for-gestational-age over time (OR 1 · 08, 95% CI: 1 · 02–1 · 14,

p = 0.010). Alternatively, adding pre-existing diabetes to the model

also partially attenuated the increase in large-for-gestational-age

over time (OR 1 · 07, 95% CI: 1 · 01–1 · 14, p = 0.016). When both

forms of hyperglycaemia in pregnancy were incorporated in the

model, the relationship between large-for-gestational-age and time

was no longer significant (OR 1 · 02, 95% CI: 0 · 96–1 · 08, p = 0 · 510).

This was not the case among births to non-Aboriginal mothers.

There was a similar 12% increase per decade in the odds of large-

for-gestational-age (OR 1 · 12, 95% CI: 1 · 08–1 · 16, p < 0.001). How-

ever, accounting for hyperglycaemia in pregnancy in the model had

minimal effect on the point estimate and the relationship between

t  
arge-for-gestational-age and time remained significant (OR 1 · 11,

5% CI: 1 · 07–1 · 15, p < 0 · 001). 

iscussion 

Over three decades, the NT has experienced substantial epi-

emiological transitions in relation to hyperglycaemia in pregnancy

nd birthweight. Large increases in the rate of GDM were observed

mong both Aboriginal and non-Aboriginal women. We found that

pproximately one in five pregnancies to Aboriginal women in re-

ent years has been complicated by hyperglycaemia despite rela-

ively young maternal ages. The epidemic of pre-existing diabetes

mong pregnant Aboriginal women is particularly concerning, with

he rate having increased almost 10-fold. The rate of pre-existing
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Fig. 5. Annual rates of singleton liveborn babies with (A) high birthweight ( > 40 0 0 g) and Aboriginal mothers, (B) high birthweight ( > 40 0 0 g) and non-Aboriginal mothers, 

(C) large-for-gestational-age (LGA) and Aboriginal mothers, and (D) LGA and non-Aboriginal mothers between 1987 and 2016. Shaded areas are 95% confidence intervals. 

All trends p < 0 · 001. Point estimates for trends, as odds ratios per 10 years (95% confidence interval), were: 1 · 20 (1 · 14–1 · 26) and 1 · 13 (1 · 10–1 · 16) for high birthweight 

among Aboriginal and non-Aboriginal births, respectively; and 1 · 25 (1 · 19–1 · 31) and 1 · 19 (1 · 15–1 · 23) for LGA among Aboriginal and non-Aboriginal births, respectively. 

Mean total number of singleton livebirths per annum for Aboriginal and non-Aboriginal mothers, respectively, were 1161 and 2089 for the first decade, 1324 and 2189 for 

the second decade, and 1352 and 2464 in the third decade. 
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2D in pregnancy observed among Aboriginal women in Central

ustralia (8 · 4% in 2016) is, to our knowledge, the highest ever re-

orted in any population-based cohort. This growing burden of hy-

erglycaemia in pregnancy in the NT is impacting the next gen-

ration, accounting for much of the observed rise in large-for-

estational-age observed over the study period. Despite the lower

bsolute number of women affected, pre-existing diabetes is as

trongly associated with the trends in large-for-gestational-age at

 population level as GDM. 

Small-for-gestational-age affected more than a third of births to

boriginal women in the late 1980s. The rate has now decreased

o under 17%, which still indicates a disproportionate number of

abies classified below the national 10th centile of birthweight

15] . Rates of small-for-gestational-age also approximately halved

mong non-Aboriginal births, with the 2016 rate of 8 · 7% being low

ompared to the national reference population. At the other end of

he spectrum, rates of high birthweight and large-for-gestational-

ge increased over the 30 years. The rate of large-for-gestational-

ge among births to Aboriginal mothers more than doubled. Our

ultivariable regression analyses suggest that this trend is primar-

ly driven by increasing rates of hyperglycaemia in pregnancy in

his population. 

The observed trends are in keeping with the growing preva-

ence of diabetes globally and the high prevalence of T2D across

he life course among Aboriginal and Torres Strait Islander Aus-

ralians [21] . A recent systematic review and meta-analysis con-

rmed that Indigenous populations with a similar history of

olonisation have increased risk of both pre-existing diabetes dur-

ng pregnancy and GDM compared to non-Indigenous people [22] .

he highest prevalence of pre-existing diabetes reported in this re-
iew was 4 · 0% among Aboriginal women in the NT in 2013, based

n the same dataset used for our study, without stratification by

egion. The next highest prevalence rates were 3 · 9% among two

irst Nations populations in Quebec and Ontario, Canada. Seminal

esearch among the high-risk Pima Indian population of Arizona in

he 1960–70s reported a 6 · 3% prevalence of pre-existing diabetes

mong pregnant women [23] . The high burden of pre-existing

iabetes we have observed among Aboriginal women in Cen-

ral Australia is consistent with studies among the non-pregnant

opulation of this region, which show a higher burden of car-

iometabolic conditions, including diabetes, hypertension, and re-

al disease [20] . 

Studies reporting trends in hyperglycaemia in pregnancy among

ndigenous populations are limited. Growth in the burden of GDM

mong Aboriginal and Torres Strait Islander women nationally in

ustralia was reported from 1990 to 2009 [24] . We now show that

hese trends have continued in the NT and additionally report on

re-existing diabetes, which has increased to an even greater ex-

ent. Within the First Nations population of Saskatchewan, Canada,

rom 1980 to 2009 the rate of GDM increased from 1 · 0% to

 · 6% and the rate of pre-existing diabetes increased from 0 · 7%

o 2 · 0% [25] . Data from First Nations women in neighbouring Al-

erta, show similar contemporary rates of GDM and pre-existing

iabetes, but rates were stable between 20 0 0 and 20 09 [26] . In

he same population and time period, the prevalence of high birth-

eight ( > 40 0 0 g) decreased, while low birthweight ( < 2500 g) re-

ained stable [27] . GDM and maternal weight ≥91 kg were risk

actors for high birthweight in the Alberta study but contribution

o trends over time was not assessed. In Québec, rates of extreme

igh birthweight ( > 50 0 0 g) and large-for-gestational-age ( > 97th
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percentile) increased between 1981 and 2008 for births to First Na-

tions but not Inuit women [28] . This study had no data on hyper-

glycaemia in pregnancy. Our study was able to investigate birth-

weight and hyperglycaemia trends concurrently, showing increases

in both high birthweight and large-for-gestational-age over time.

Furthermore, we showed that the trends in large-for-gestational-

age were strongly associated with the increase in frequency of hy-

perglycaemia in pregnancy. 

Positive changes over this time period, such as improved an-

tenatal care, have likely contributed to the trends in small-

for-gestational-age. This is evidenced by the earlier gestation of

first antenatal review over time, as well as improving rates of

other pregnancy complications including stillbirth and preeclamp-

sia. Fewer births to teenage mothers may also have contributed

to reductions in small-for-gestational-age [29] . A previous study

showed that babies of teenage Aboriginal mothers in the North-

ern Territory had lower birthweights than babies of adult moth-

ers, but that this difference was related to factors other than age,

such as remoteness, engagement with antenatal care and health

behaviours [30] . 

The lack of change in low birthweight rates among births to

Aboriginal women has multiple potential explanations. Low birth-

weight is highly correlated with pre-term birth, which was essen-

tially stable in frequency over the study period. This may relate to

improved neonatal intensive care services in Darwin, meaning that

fewer high-risk pregnancies were transferred to specialised centres

outside the NT. However, persistent high rates of smoking during

pregnancy, food insecurity and other socioeconomic disparities ex-

perienced by Aboriginal women are other potential contributing

factors to the persistent rates of low birthweight and pre-term

birth [ 5 , 31 ]. Hyperglycaemia in pregnancy may be another con-

tributing factor. The prospective PANDORA (Pregnancy And Neona-

tal Diabetes Outcomes in Remote Australia) study observed pre-

term birth rates of 39% among Aboriginal women with T2D com-

pared to 5 · 1% among those with normoglycaemia [5] . 

Multiple factors are likely to be driving the epidemic of dia-

betes during pregnancy in the NT population, with social deter-

minants of health and obesity playing considerable roles. Almost

half of pregnant women in Australia now have overweight or obe-

sity [32] . To some extent the increase in GDM diagnoses among

both Aboriginal and non-Aboriginal women will also relate to im-

proved uptake of screening, the change from two-step screening to

a single oral glucose tolerance test, and changes to diagnostic cri-

teria. In the Aboriginal population, the trends we have observed

are consistent with other research that has shown substantial epi-

demiological transitions over recent decades, with reductions in in-

fant and childhood mortality and the emergence of high rates of

chronic non-communicable diseases [33] . The growing burden of

cardiometabolic disease has followed a relatively rapid transition

towards more sedentary lifestyles and access to high caloric West-

ern foods. This emergence of non-communicable diseases has oc-

curred at different times across the NT, usually reflecting relative

time of contact with Western lifestyles as a result of colonisation. 

The contemporary high rates of pre-existing diabetes in preg-

nancy among Aboriginal women reflect the growing burden of

youth-onset type 2 diabetes in this population [34] . It has been

noted that with each generation, the age of onset of type 2 di-

abetes continues to decrease, with children as young as 5 years

now being diagnosed [ 35 , 36 ]. This public health challenge is rooted

in the social determinants of health, including poverty, discrimi-

nation, and rapid loss of traditional cultures and lifestyles post-

colonisation [35] . The high cost of fresh food and food insecurity

are significant barriers to healthy diets, particularly in remote com-

munities [31] . We believe that these factors are contributing to

an escalating intergenerational cycle of adverse metabolic health.

In previous generations, high rates of restricted fetal growth were
eported, but now we are observing increasing rates of hypergly-

aemia in pregnancy, which are likely contributing to more youth-

nset type 2 diabetes in each subsequent generation. This hypothe-

is aligns with observational evidence from other cohorts showing

ssociations of both low-birth weight and in-utero exposure to ma-

ernal hyperglycaemia with future diabetes risk [ 2 –4 ]. The causes

f this intergenerational risk are unproven but may be mediated by

hanges in gene expression, controlled by epigenetic mechanisms

37] . 

Strengths of this study include the use of a population-wide

ataset which minimises selection bias and improves generalisabil-

ty. The NT provides a unique opportunity to investigate high risk

roups for hyperglycaemia in pregnancy, given the high propor-

ion of Aboriginal women compared to other Australian jurisdic-

ions and the availability of reliable data. The accuracy of Aborig-

nal identification in NT Department of Health hospital data was

stimated at 94% in 1997 and 98% in 2011 [38] . An earlier valida-

ion study by the NT Department of Health of Aboriginal identifi-

ation in death records between 1979 and 1991 showed 97% accu-

acy [39] . Our study is also strengthened by the inclusion of broad

escriptive data as well as concurrent investigation of birthweight

nd hyperglycaemia trends. 

The limitations of our study relate to the retrospective ap-

roach, using existing data. First, there were no data on maternal

besity which is likely to be a driver of both hyperglycaemia and

irthweight and has increased over time in the general Aboriginal

nd non-Aboriginal female population [31] . Unmeasured confound-

ng from maternal obesity could explain some of the observed

ssociation between hyperglycaemia and large-for-gestational-age

rends. Alternatively, hyperglycaemia may be on a causal path-

ay between maternal obesity and large-for-gestational-age. Nev-

rtheless, the PANDORA study confirmed that maternal hypergly-

aemia, independent of obesity, was associated with risk of large-

or-gestational-age [5] . Second, capture of known cases of hyper-

lycaemia in pregnancy in the NT Perinatal Data Collection will

ave varied over time, likely being more complete in recent years

ue to increasing validation against other data sources. This could

ave exaggerated the observed trends showing increasing rates

f hyperglycaemia in pregnancy over time. Third, while universal

DM screening has been recommended in Australia since 1991,

creening rates may have increased over time [12] . It remains

ikely that current rates of hyperglycaemia in pregnancy are un-

erestimates due to evidence of incomplete screening uptake. A

015 audit in the Central Australia region found that 23% of preg-

ant women had no screening for diabetes during pregnancy [40] .

ourth, the approach to screening for GDM has changed multiple

imes as noted in the Methods section. Overall, these changes in

creening practices are likely to have increased rates of GDM over

ime as seen in other cohorts [7] . Finally, estimates of gestational

ge are likely to have some limitations. Presentation for antenatal

are occurred later in pregnancy in the early years of the study,

eaning both sonographic estimation of gestational age and recol-

ection of the last menstrual period would be less reliable. 

In summary, the burden of GDM and pre-existing diabetes in

regnancy has grown substantially in the NT over three decades.

ates of T2D among Aboriginal women are particularly concerning.

here have been numerous improvements in antenatal care and

erinatal outcomes over the same period. However, there are in-

reasing numbers of large-for-gestational-age babies. Among births

o Aboriginal women, this trend is related to hyperglycaemia in

regnancy. This study could not assess the role of maternal over-

eight and obesity in these associations, which highlights the

eed for improved capture of maternal weight data in both clinical

ractice and research databases. The epidemic of hyperglycaemia

n pregnancy has both short and long-term implications for the

ealth of mothers, babies and future generations. Further research
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nto these intergenerational effects among Aboriginal people in

ustralia is warranted to guide public health priorities. There is

lso an ongoing need for preventative health initiatives with inter-

ectoral collaboration to address and reverse these trends. The im-

ortance of working with Aboriginal communities to co-design cul-

urally appropriate strategies focussing on the metabolic health of

oung people and women, particularly aiming for a healthy weight,

efore, during and after pregnancy, cannot be underestimated. 
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