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ARTICLE INFO ABSTRACT

Keywords: This population-based study investigated the association of BMI and other predictors with gestational diabetes
Gestational diabetes mellitus (GDM) among Australian Aboriginal and non-Aboriginal mothers. We conducted a state-wide retro-
Aboriginal . spective cohort study that included all singleton births in Western Australia (n = 134,552) between 2012 and
Ionjéfvir;?;;tAuStrahms 2015 using population health datasets linked by the Western Australian Data Linkage Branch. Associations be-
Obesity tween GDM and its predictors were estimated as adjusted relative risks (aRRs) from multivariable generalised

linear models. Adjusted ratio of relative risks (aRRRs) compared RRs in Aboriginal and non-Aboriginal mothers.
Adjusted population attributable fractions estimated the contribution of overweight/obesity to GDM burden, and
adjusted predicted probabilities for GDM were plotted against BMI levels. The following predictors had stronger
associations with GDM in Aboriginal, compared to non-Aboriginal, mothers: maternal obesity (aRR [95% CI]
3.16 [2.54-3.93]; aRRR 1.57 [1.26-1.94]), previous LGA (aRR 1.70 [1.37-2.12]; aRRR 1.41 [1.13-1.76]) and
previous macrosomia (birthweight > 4 kg) (aRR 1.55 [1.24-1.94]; aRRR 1.53 [1.22-1.91]). 46.1% (95% CIL:
36.6-54.1) of GDM cases in Aboriginal women (23.3% in non-Aboriginal mothers, 95% CI: 21.6-25.1) were
attributed to overweight/obesity. Compared to non-Aboriginal mothers, adjusted GDM probabilities were higher
at all BMI levels and showed greater increase with BMI. Overweight/obesity is a key driver of GDM among
Aboriginal women. Association between BMI and GDM is stronger in Aboriginal, compared to non-Aboriginal,
women especially at higher BMI.

Body mass index
Population attributable fraction

GDM is also associated with many maternal complications including
pre-eclampsia, gestational hypertension, caesarean section, shoulder

1. Introduction

Gestational diabetes mellitus (GDM) is the most common pregnancy
complication, and its increasing trend is becoming a global concern
(International Diabetes Federation, 2019). GDM has many negative
implications for the neonate. It increases the risk of fetal overgrowth,
respiratory distress syndrome, neonatal hypoglycaemia, preterm birth,
hyperbilirubinemia and polyhydramnios (Denney and Quinn, 2018).

dystocia and vaginal laceration (Denney and Quinn, 2018). Moreover,
GDM has negative long-term implications for both the offspring and
mother. It increases the risk of diabetes in the offspring (Dabelea et al.,
2008), and the future risk of type 2 diabetes mellitus (T2DM) in the
mother by nearly ten-fold (Vounzoulaki et al., 2020).

Globally, the burden of GDM is higher among Indigenous
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populations (Voaklander et al., 2020). In Australia, GDM prevalence is
consistently higher among Aboriginal women (Australian Institute of
Health and Welfare, 2010; Hare et al., 2020). There has been a greater
increase in the burden of GDM in the Aboriginal population over time
(Hare et al., 2020), and Aboriginal mothers whose pregnancies are
complicated by GDM have more than four-fold greater risk of post-
partum T2DM, when compared to their non-Aboriginal counterparts
(Chamberlain et al., 2016). Moreover, Aboriginal babies born to mothers
with GDM have more adverse neonatal outcomes than non-Aboriginal
babies (Duong et al., 2015).

The Australian Aboriginal population shows different magnitude and
extent of cardiometabolic disease and its risk profile. The rapid shift
from traditional to modern lifestyle and health behavioural factors
originating from social disadvantage are believed to be the main drivers
of the heavier burden and distinct pattern of metabolic disease in the
Aboriginal population (O’Dea, 1992; Daniel et al., 2011). For example,
Aboriginal Australians have: different, generally higher, prevalence of
cardiometabolic health risk factors (Australian Institute of Health and
Welfare, 2020); different age- and sex-specific prevalence of diabetes
(Minges et al., 2011); heavier burden of cardiometabolic disease at
considerably younger ages (Maple-Brown, 2011); and differential
strength of association between cardiometabolic disease and certain
predictors (Maple-Brown et al., 2013).

The prevalence of obesity, which is a well-established risk factor for
GDM (Paulo et al., 2021), is considerably higher among the Aboriginal
population and its burden is continuously growing (Hutchins and Nev-
erauskas, 2014). Evidence has shown that race/ethnicity modifies the
effect of obesity on GDM (Kim et al., 2012). The population attributable
fraction (PAF) of overweight/obesity for GDM also differs by ethnicity
(Makgoba et al., 2012). However, the relationship between GDM and
overweight/obesity has not been sufficiently studied within an Aborig-
inal context.
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A more nuanced understanding of factors contributing to GDM risk,
using population-based datasets, can offer opportunities to identify
targets and guide prevention efforts for GDM. The aim of the present
study was to explore the predictors of GDM; estimate PAFs associated
with its most well-established risk factor, overweight/obesity; and to
investigate the relationship between body mass index (BMI) and GDM
among the Aboriginal and non-Aboriginal women in Western Australia
using state-wide data.

2. Methods
2.1. Study design and population

This is a retrospective cohort study that initially included all women
who gave birth at > 20 weeks’ gestation in the state of Western Australia
between 2012 and 2015 (n = 138,382). Multiple pregnancies (n =
3,830), women with pre-existing diabetes (n = 1,337) or those with
missing GDM status (n = 1,584) were excluded from the final study
cohort (n = 131,631) (Fig. 1).

2.2. Data sources

The study used population health datasets linked by the Western
Australian Data Linkage System. This system uses probabilistic matching
(Holman et al., 1999) to link data from different sources, and the re-
searchers receive data with no identifying fields. The datasets used
included the Midwives Notification System (MNS), Hospital Morbidity
Data Collection (HMDC), Western Australian Register of Developmental
Anomalies (WARDA) and WA Registry of Births, Deaths and Marriages.
The MNS and HMDC were our primary sources of data. The MNS records
neonatal and maternal details of all births at 20 weeks or more, and
HMDC provides information on infants’ and mothers’ diagnoses and
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Fig. 1. Flow chart showing the study population.
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procedures during hospitalisation.
2.3. Measurements

2.3.1. Aboriginal identification and gestational diabetes

To identify Aboriginal women, we adopted the algorithm described
by the ‘Getting Our Story Right’ project (Christensen et al., 2014). This
project uses a multi-stage median method to generate a single consistent
status of Aboriginality for each individual in the linked administrative
datasets. The term ‘Aboriginal’ is used on the basis that about 96% of the
Aboriginal and Torres Strait Islander population in Western Australia
identify solely as Aboriginal people.“

We ascertained GDM status from the MNS (under pregnancy com-
plications) and HMDC. In the HMDC, GDM was captured from the
relevant codes (024.4 and 024.9) of International Classification of
Disease version 10 (Australian Modifications) (ICD-10-AM).

2.3.2. Predictors of GDM

We defined overweight as BMI > 25 and below 30, and obesity as
BMI > 30. The remoteness of the mother’s residence was determined
using the Australian Statistical Geography Standard classification,
which divides areas into five broad categories (major cities, inner
regional, outer regional, remote and very remote) based on relative
access to service (Australian Bureau of Statistics, 2016). We collapsed
the categories to remote/very remote (yes/no) in the regression anal-
ysis. Socioeconomic status (SES), categorised into tertiles, was deter-
mined based on mother’s usual area of residence at the time of birth
using the census closest to the birth, measured by the Index of Relative
Socioeconomic Disadvantage (an aggregate, area-based measure of SES)
(Pink, 2013). The index uses certain attributes (income, education, un-
employment, housing and occupational skill) to rank areas (average of
400 persons in Statistical Areas Level 1) by the level of socioeconomic
disadvantage. Parity was categorised into 0, 1, 2 and 3 or more.
Maternal obstetric history variables included previous events: stillbirth,
large for gestational age (LGA), macrosomia and congenital anomalies.
Stillbirth was defined as birth of a baby with no signs of life at >20
weeks’ gestation or weighing >400 g where gestation is unknown. LGA
was defined as birthweight >90th percentile using sex- and gestational
age-specific percentiles of birthweight in Australia (Dobbins et al.,
2012). Macrosomia was defined as birthweight >4000g and congenital
anomalies were ascertained from WARDA (WA Register of Develop-
mental Anomalies (WARDA), 2021).

2.3.3. Missing data

About 6.9% of BMI and 2.4% of SES values were missing (Table S1).
The proportion of missing BMI values was higher in Aboriginal mothers
(14.9%) compared to non-Aboriginal mothers (6.4%). Missingness for
other variables ranged from 0 to 1.3%.

2.4. Ethics approval

Ethics approvals were obtained from the Western Australian
Aboriginal Health Ethics Committee (Project 797), the University of
Western Australia Human Research Ethics Committee (RA/4/20/6161)
and the Western Australian Department of Health Human Research
Ethics Committee (RGS0000003168).

2.5. Statistical analysis

Characteristics of pregnancies complicated by GDM in Aboriginal
and non-Aboriginal mothers were summarised using descriptive statis-
tics and compared using Pearson’s chi-squared test (for binary and
categorical variables) and Wilcoxon-Mann-Whitney test (for contin-
uous variables).

Exploring GDM predictors and assessing their importance in the
Aboriginal, relative to non-Aboriginal, mothers were performed by

Preventive Medicine Reports 36 (2023) 102444

entering the predictors (chosen on clinical and biological plausibility
grounds) into univariable and multivariable generalised linear models
(GLMSs) to estimate the relative risks (RRs) and 95% confidence intervals
(CD). For all GLMs, we used log as the link function, Poisson as the family
of distribution of GDM and cluster-robust variance estimation to account
for the clustering effect resulting from multiple birth events from the
same mother in our longitudinal cohort. Multicollinearity between
predictors was assessed by variance inflation factor. As both LGA and
macrosomia are defined by fetal weight, their RRs were estimated from
separate multivariable models. RRs for maternal obstetric history pre-
dictors were estimated from models restricted to parous women. To
compare the relative strength of GDM predictors in Aboriginal vs non-
Aboriginal mothers, we incorporated an interaction term between
Aboriginal status and each predictor (in separate models). The interac-
tion term represented the ratio of RRs (RRR) for the predictor in the
Aboriginal relative to non-Aboriginal mothers.

The PAF for the effects of overweight/obesity (in relation to healthy
BMI) on GDM was estimated as a percentage. Since PAF has a causal
interpretation, it was estimated from GLMs adjusted for potential con-
founders. Thus, the models, stratified by Aboriginal status, included
GDM as the outcome variable, and BMI, maternal age (continuous),
smoking (binary), remoteness, SES, and parity as the independent var-
iables. To calculate the adjusted PAFs and their 95% CI, we used Stata
post-regression command ‘punaf’ (Newson, 2013), which utilises
methods described by Greenland and Drescher (1993). punaf compares a
counterfactual scenario in which the exposure of interest is set to zero
(maternal BMI < 25) with the real-world scenario.

To describe the relationship between BMI and the risk of GDM in the
Aboriginal and non-Aboriginal populations, we fitted GLMs that
included potential confounders (included in the PAF models above). The
assumption of the linear relationship between BMI and GDM within
GLMs was tested by Box-Tidwell transformation (which identified the
best power of BMI for model fit), using Stata module ‘boxtid’ (Royston,
2013). The Stata Post-estimation commands ‘margins’ and ‘marginsplot’
estimated and plotted the adjusted probability and 95% CI of GDM along
the BMI continuum. An interaction term between Aboriginal status and
BMI (in continuous form) assessed whether the BMI-GDM relationship
significantly differed between the two populations.

All analyses were conducted using Stata version 15.1 (StataCorp
2017).

2.6. Sensitivity analysis

As the proportion of missing values for BMI, the primary predictor of
interest, was relatively high and varied by Aboriginal status, we con-
ducted sensitivity analyses to assess whether the exclusion of mothers
with missing BMI may have biased the obtained estimates. Two extreme-
case scenarios were used as tools of bias analysis to check whether the
PAF estimates from complete case analyses have been impacted by the
missingness. Aboriginal mothers with missing BMI values were consid-
ered as having healthy BMI and non-Aboriginal mothers with missing
BMI as overweight/obese in the first scenario, and values were reversed
in the second scenario. We also added a missing data category to the BMI
category variable, entered the new variable in the GLMs and used the
resultant RRs and RRRs to assess the impact of missing BMI data.

2.7. Aboriginal involvement

The study design and interpretation of findings were guided by the
Kaadaninny Aboriginal Advisory Committee and Ngangk Yira Council of
Elders, with broader Cultural Governance provided by the Ngangk Yira
Institute for Change. These groups will continue to be involved in future
communications, dissemination and translational work.
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3. Results

There were 134,552 singleton pregnancies in Western Australia be-
tween 2012 and 2015, of which 7,758 (5.8%) were Aboriginal (Fig. 1).
About 656 (8.5)% of singleton births to Aboriginal mothers were
complicated by GDM compared to 11,411 (9.0%) of their non-
Aboriginal counterparts.

Compared to non-Aboriginal women, Aboriginal mothers with GDM
had significantly higher median BMI, and were much more likely to be
obese and less likely to be in the healthy BMI category (Table 1).
Aboriginal mothers were also more likely to: be younger, have higher
parity, have smoked during pregnancy and to live in remote/very
remote areas. The likelihood of gestational hypertension, eclampsia/
pre-eclampsia and adverse obstetric history events (previous: LGA,
macrosomia, stillbirth and birth defects) were higher in Aboriginal
mothers than in non-Aboriginal mothers.

Table 1
Characteristics of singleton births complicated by gestational diabetes in
Aboriginal and non-Aboriginal mothers in Western Australia, 2012-2015.

Characteristics Aboriginal Non- p-
mothers (%) Aboriginal value'
(n = 656) mothers (%)
(n = 11,411)
BMI category below 25 121 (20.5) 4298 (39.7) <0.001
>=25 & <30 148 (25.0) 3197 (29.6)
>=30 322 (54.5) 3321 (30.7)
Missing values 65 (9.9) 595 (5.2)
BMI, median (IQR) 30.8 (25.7, 26.6 (23.0, <0.001
35.9) 31.2)
Maternal age 25 or below 260 (39.6) 1206 (10.6) <0.001
group, >25 to 35 296 (45.1) 7389 (64.8)
years above 35 100 (15.2) 2816 (24.7)
Maternal age (years), median 28.0 (23.0, 32.0 (28.0, <0.001
(IQR) 32.5) 35.0)
Parity group 0 175 (26.7) 5024 (44.3) <0.001
1 143 (21.8) 3757 (33.1)
2 127 (19.4) 1587 (14.0)
3 plus 210 (32.1) 967 (8.5)
Smoking during pregnancy 276 (42.2) 762 (6.8) <0.001
SES tertile 1st (most 445 (70.6) 4006 (36.0) <0.001
disadvantaged)
2nd 139 (22.1) 3818 (34.3)
3rd (least 46 (7.3) 3300 (29.7)
disadvantaged)
Remoteness Major cities 267 (40.8) 9576 (85.0) <0.001
Inner regional 31 (4.7) 689 (6.1)
Outer regional 111 (17.0) 589 (5.2)
Remote 151 (23.1) 328 (2.9)
Very remote 94 (14.4) 86 (0.8)
Remote/very remote 245 (37.5) 414 (3.7) <0.001
Mother not married or defacto 337 (51.5) 1309 (11.5) <0.001
Female sex of baby 298 (45.4) 5509 (48.3) 0.160
Existing hypertension 18 (2.8) 236 (2.1) 0.260
Caesarean delivery 257 (39.3) 4836 (42.9) 0.070
Gestational hypertension 51 (7.8) 567 (5.0) 0.002
Preeclampsia or eclampsia 38(5.8) 475 (4.2) 0.050
Previous LGA 101 (15.4) 852 (7.5) <0.001
Previous LGA restricting to parity 101 (21.0) 852 (13.3) <0.001
>0
Previous macrosomia 94 (14.3) 816 (7.2) <0.001
Previous macrosomia restricting 94 (19.5) 816 (12.8) <0.001
to parity > 0
Previous stillbirth 24 (3.7) 126 (1.1) <0.001
Previous stillbirth restricting to 24 (5.0) 126 (2.0) <0.001
parity > 0
Previous congenital anomalies 51 (7.8) 470 (4.1) <0.001
Previous congenital anomalies 51 (10.6) 470 (7.4) 0.010

restricting to parity > 0

BMI, body mass index; IQR, interquartile range; LGA, large for gestational age;
SES, socioeconomic status.

! Pearson’s chi-square test p-values for categorical variable and Wilcox-
on-Mann-Whitney test p-values for continuous variable.
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In multivariable models (Table 2), obesity was associated with a
higher risk of GDM among Aboriginal mothers (RR: 3.16, 95% CI:
2.54-3.93) relative to their non-Aboriginal counterparts (RRR: 1.57,
95% CI: 1.26-1.94). For overweight, RR was 1.71 (95% CI: 1.34-2.19),
and RRR was 1.26 (95% CI: 0.98-1.60). Previous LGA (RR: 1.70, 95% CI:
1.37-2.12; RRR: 1.41, 95% CI: 1.13-1.76) and previous macrosomia
(RR: 1.55, 95% CIL: 1.24-1.94; RRR: 1.53, 95% CI: 1.22-1.91) also
exerted greater effects in Aboriginal mothers.

The PAF of overweight/obesity for GDM differed by Aboriginal sta-
tus. The percentage of GDM attributable to overweight/obesity in the
Aboriginal population was 46.1% (95% CI: 36.6-54.1) compared to
23.3% (95% CI: 21.6-25.1) in their non-Aboriginal counterparts (Fig. 2).

Adjusted estimates of the probability of GDM by BMI (as a linear
term) and Aboriginal status are presented in Fig. 3. The figure reveals an
increased risk of GDM among Aboriginal, relative to non-Aboriginal,
women at all BMI points. The gap between the two populations, as
represented by the interaction term of Aboriginal status and BMI in the
regression model, increases with BMI (p value < 0.001).

The results of the sensitivity analysis suggest that the impact of
missing values of BMI on the reported relationship between BMI and GD
is unlikely to differ in the Aboriginal and non-Aboriginal mothers. In
both extreme case analyses, the PAFs of overweight/obesity for GDM
was substantially higher in the Aboriginal, compared to non-Aboriginal,
mothers (Table S2). When the BMI was used as a categorical variable
with a missing values category in the GLMs, the resultant RRs did not
differ between the Aboriginal and non-Aboriginal mothers (Table S3),
suggesting that BMI missingness is unlikely to have affected the RRRs
from complete case analyses.

4. Discussion

Our findings reported a substantial contribution of overweight/
obesity to the burden of GDM differentially among the Aboriginal
mothers, and an interaction between Aboriginal status and the diabe-
togenic effect of overweight/obesity. The PAF estimates suggest that if
all pregnant women had a healthy BMI, 46.1% of Aboriginal (and 23.3%
of non-Aboriginal) GDM cases could have been prevented. A stronger
association between BMI and GDM risk among Aboriginal women was
evident at both categorical (as indicated by the RRR) and continuous
scales. The RRR, which is the product of dividing the RR of Aboriginal
mothers by RR of non-Aboriginal mothers, indicates that obesity poses
greater risk for GDM in Aboriginal mothers compared to their non-
Aboriginal counterparts.

The higher adjusted PAF of GDM associated with overweight/obesity
among Aboriginal women reflects a higher prevalence of overweight/
obesity and a stronger association between BMI and GDM risk among
this disadvantaged population.

4.1. The heavy burden of overweight/obesity among Aboriginal mothers

Prior to contact with Europeans, Aboriginal Australians led a tradi-
tional, healthy lifestyle and were generally lean and physically fit
(O’Dea, 1992). The lifestyle of Aboriginal Australians has undergone a
rapid transition towards Western lifestyle over a relatively short period
of time, and overweight/obesity has become increasingly common
(McDermott et al., 2000). Compared with the non-Aboriginal popula-
tion, Aboriginal Australians have 1.2 times higher risk of BMI above 25
and 1.5 times higher risk of being obese (Australian Institute of Health
and Welfare, 2020). This higher risk of obesity is particularly true in
Aboriginal women; who are 1.7 times more likely to be obese while
Aboriginal men have 1.4 times higher risk, relative to non-Aboriginal
women and men, respectively (Hutchins and Neverauskas, 2014). The
underlying pathways to such sex-specific differences, which likely
contribute to the higher prevalence of T2DM in Aboriginal women
(Minges et al., 2011), probably involve limited physical activity among
other factors (McDermott et al., 2000). The drivers of the high
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Table 2
Predictors of gestational diabetes by Aboriginal status in Western Australia, 2012-2015.
Predictors Aboriginal pregnancies Non-Aboriginal pregnancies Adjusted’
Unadjusted RR (95%  Adjusted’ RR (95%  Unadjusted RR (95%  Adjusted’ RR (95% RRR
CI) CIn CI) CI)
BMI category below 25 Reference Reference Reference Reference
>=25 & <30 1.97 (1.55, 2.50) 1.71 (1.34, 2.19) 1.36 (1.30, 1.42) 1.36 (1.30, 1.42) 1.26 (0.98,
1.60)
>=30 3.99 (3.24, 4.92) 3.16 (2.54, 3.93) 1.99 (1.91, 2.08) 2.03 (1.94, 2.12) 1.57 (1.26,
1.94)
Maternal age group 25 or below Reference Reference Reference Reference
>25 to 35 1.84 (1.55, 2.17) 1.79 (1.46, 2.19) 1.85(1.74, 1.96) 2.02 (1.90, 2.15) 0.97 (0.80,
1.17)
above 35 3.80 (3.05, 4.74) 3.30 (2.53, 4.31) 2.77 (2.59, 2.96) 3.10 (2.89, 3.33) 1.23 (0.96,
1.56)
Parity group 0 Reference Reference Reference Reference
1 1.00 (0.81, 1.22) 0.76 (0.61, 0.95) 0.93 (0.90, 0.97) 0.80 (0.77, 0.83) 1.01 (0.81,
1.26)
2 1.21 (0.97, 1.50) 0.75 (0.59, 0.96) 0.96 (0.91, 1.01) 0.74 (0.70, 0.78) 1.10 (0.87,
1.40)
3 plus 1.48 (1.22, 1.80) 0.71 (0.55, 0.91) 1.18 (1.10, 1.26) 0.77 (0.71, 0.83) 1.06 (0.85,
1.31)
Smoking during pregnancy 0.83 (0.71, 0.97) 0.93 (0.78, 1.09) 0.79 (0.74, 0.85) 0.83 (0.77, 0.90) 1.05 (0.88,
1.26)
SES tertiles 1 (most Reference Reference Reference Reference
disadvantaged)
2 1.10 (0.91, 1.33) 1.01 (0.84, 1.22) 0.89 (0.85, 0.93) 0.85 (0.81, 0.89) 1.17 (0.96,
1.42)
3 (least 1.04 (0.77, 1.40) 0.90 (0.67, 1.21) 0.82 (0.79, 0.86) 0.77 (0.73, 0.81) 1.18 (0.88,
disadvantaged) 1.58)
Remoteness 0.97 (0.83,1.14) 1.00 (0.84,1.18) 0.77 (0.69, 0.85) 0.81 (0.73, 0.89) 1.20 (0.99,
1.46)
Previous LGA® 2.26 (1.84, 2.79) 1.70 (1.37, 2.12) 1.38 (1.28, 1.48) 1.25 (1.16, 1.34) 1.41 (1.13,
1.76)
Previous macrosomia” 2.06 (1.66, 2.56) 1.55 (1.24, 1.94) 1.16 (1.08, 1.24) 1.06 (0.98, 1.14) 1.53 (1.22,
1.91)
Previous stillbirth” 1.66 (1.08, 2.55) 1.34 (0.87, 2.08) 1.42 (1.19, 1.68) 1.29 (1.07, 1.54) 1.16 (0.74,
1.83)
Previous congenital 1.21 (0.91, 1.61) 1.07 (0.80, 1.42) 1.08 (0.98, 1.18) 0.99 (0.90, 1.09) 1.11 (0.83,
anomalies” 1.49)

BMI, body mass index; CI, confidence interval; LGA, large for gestational age; RR, relative risk; RRR, ratio of relative risks; SES, socioeconomic status.
! Adjusted RRs were estimated from generalised linear models that included all the predictors (except RRs for previous LGA and previous macrosomia which were

estimated from separate models).

2 RRs for maternal history predictors were estimated from models restricted to parous women.

prevalence of overweight/obesity are believed to be related to the ma-
terial and social environment of Aboriginal families and the commu-
nities in which they live—for example, low income, financial stress, food
insecurity and overcrowded housing (Aboriginal and Torres Strait
Islander Health Performance Framework, 2017). It is also likely shaped
by substantive cultural, historical and macrosocial factors, including
issues of dispossession, exclusion, discrimination and marginalisation
that have been a feature of post-colonial Aboriginal Australia and are
generally accepted as having profoundly negative effects on Aboriginal
wellbeing (Shepherd et al., 2012). In particular, racial discrimination
has been shown to affect the wellbeing of a substantial proportion of
Aboriginal people (Shepherd et al., 2017)—this includes the indirect
effects of reduced and unequal access to the range of medical and health
promotion resources that are required for good health (Carson et al.,

2020). Further, the rapid shift from traditional (nutrient-rich low-
energy) to Western (nutrient-poor high-energy) sedentary lifestyle is
the proximal explanatory factor of the propensity of the Aboriginal
population to obesity (O’Dea, 1992). The mechanism is hypothesised to
involve genetic predisposition, although not proven (O’Dea, 1992).

4.2. The strong association between BMI and GDM in Aboriginal women

Aboriginal Australians show stronger association between BMI and
T2DM, which has a relatively similar pathophysiology to GDM, and the
cause is believed to be their different pattern of fat deposition. Aborig-
inal people tend to accumulate fat around the body midsections (Piers
et al., 2003) and spare the distal extremities (O’ Dea et al., 1993). Such
pattern of fat distribution is more prominent among females (Adegbija
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Fig. 2. Adjusted! population attributable fraction for gestational diabetes
associated with overweight/obesity (BMI > 25) among the Aboriginal and non-
Aboriginal populations in Western Australia, 2012-2015. BMI, body mass
index. 1Adjusted for maternal age (continuous), smoking (binary), socioeco-
nomic status (tertiles), remoteness (binary: remote/very remote or not) and
parity (categorised into 0, 1, 2 and 3 or more).

and Wang, 2014). Causes of preferential abdominal fat deposition
among Aboriginal Australians are believed to be multifactorial, and
contributions of lifestyle, genes, infection and inflammation are sug-
gested. (Hoy et al., 2006) Aboriginal Australians were also reported to
accumulate higher amounts of body fat when compared to their Euro-
pean counterparts who have similar BMI (Piers et al., 2003; Rutishauser
and McKay, 1986) and the healthy BMI range for the Aboriginal popu-
lation is thus believed to be lower than the conventional threshold
(Norgan, 1994; O’Dea, 1996).

Central obesity is a well-established risk factor of insulin resistance,
T2DM (Papaetis et al., 2015) and GDM (Zhu et al., 2019). Central
obesity in Aboriginal people was associated with lower levels of

Predicted probability of gestational diabetes
2
1
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adiponectin (Hughes et al., 2016), an adipocyte-derived hormone with
cardiometabolic protective properties. There is a wealth of literature
confirming the low adiponectin levels among individuals with T2DM
and GDM (Li et al., 2009; Iliodromiti et al., 2016). The association be-
tween central obesity measures and GDM in the Aboriginal population
has also been reported. Waist-to-height ratio was the best anthropo-
metric index in predicting GDM among Aboriginal women in the
Australian Northern Territory (Sina et al., 2015). Campbell et al. also
found that waist circumference was a significant predictor of GDM
among Aboriginal women in north Queensland (Campbell et al., 2012).

Janevic et al. hypothesised that a combination of being born low
birth weight (which is linked to future GDM (Yeung et al., 2010) and
obesogenic environment in adulthood might explain the stronger impact
of obesity on the development of GDM in immigrant, compared to US-
born, women (Janevic et al., 2018). This may be an additional explan-
atory factor for the stronger association between BMI and GDM among
the Aboriginal Australians who suffer strikingly high rates of low births
weight (Ford et al., 2018) and elevated prevalence of obesity (Australian
Institute of Health and Welfare, 2017) and obesogenic behaviour (high
energy low fibre diet and suboptimal physical activity (Australian
Institute of Health and Welfare, 2020).

4.3. Previous evidence

To our knowledge, this is the first whole-population study to directly
report on the significant interaction between Aboriginal status and BMI
on GDM. Our findings corroborate the results of Thrift and Callaway
who reported that 52% of GDM among Aboriginal mothers could be
attributed to overweight/obesity, compared to 39% in their non-
Aboriginal counterparts (Thrift and Callaway, 2014). In contrast to
our study, they found that the RR of GDM increased with overweight/
obesity categories with no significant differences between the two
populations.

4.4. Implications and recommendations

The present study adds evidence on the substantial public health
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—@—— Non-Aboriginal mothers

Fig. 3. Adjusted! probability of gestational diabetes by BMI and Aboriginal status in Western Australia, 2012-2015. BMI, body mass index. 'Adjusted for maternal
age (continuous), smoking (binary), socioeconomic status (tertiles), remoteness (binary: remote/very remote or not) and parity (categorised into 0, 1, 2 and 3

or more).
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burden of overweight/obesity in the Aboriginal population. Given the
evidence that BMI underestimates the extent of adiposity in the
Aboriginal population, our results may have underestimated this burden
on GDM. Our findings also suggest a likely sizable contribution of
overweight/obesity to the heavy burden of T2DM in the Aboriginal
population (since GDM and T2DM share similar pathophysiological
features (Robitaille and Grant, 2008). Absence on whole-population
data on T2DM and the considerably higher rates of progression from
GDM to T2DM in Aboriginal mothers (Chamberlain et al., 2016) add an
additional layer of importance to our work. An indirect, but important,
implication of our findings is the role of maternal obesity in the inter-
generational cycle of diabetes among the Aboriginal population. Expo-
sure to intrauterine hyperglycemia increases the future risk of diabetes
and obesity in the offspring (Shou et al., 2019). Such intergenerational
impact of diabetes during pregnancy has been described in Indigenous
populations in North America (Sellers et al., 2016; Dabelea et al., 2000).

This study suggests several implications. Preventing overweight/
obesity remains a priority among the Aboriginal population, and can
have short- and long-term public health benefits. Tackling the problem
requires Aboriginal-specific initiatives that focus on improving nutrition
and increasing physical activity, positioned within a broader holistic
approach to address socioeconomic disadvantage (Burns and Thomson,
2006). Our findings point to the importance of screening for GDM, and
counselling Aboriginal women about its risk even within conventionally
healthy or slightly elevated BMI ranges.

4.5. Strengths and limitations

Utilising whole-population data produced by merging datasets from
different sources is a strength of the present study. This removes selec-
tion bias, maximises representativeness and allows following pregnant
women between facilities. Moreover, we used an Aboriginal status
variable created through robust methods to provide accurate classifi-
cation and minimise missingness.

The present study has several limitations. First, the study used data
collected for administrative, not for research, purposes. Second, the data
had relatively high levels of missing BMI values and the proportions
missing varied by Aboriginal status. However, sensitivity analyses
showed that the missingness is unlikely to have impacted the main
findings. Third, we did not have data on gestational weight gain (GWG).
Excessive GWG, which is linked to both pre-pregnancy obesity and GDM
(McDowell et al., 2019), may partly explain the stronger relationship
between BMI and GDM in Aboriginal mothers. Fourth, underdiagnosis of
GDM reported among Aboriginal Western Australians (Kirke et al.,
2019) could have underestimated the association between BMI and
GDM. Fifth, maternal weight was recorded at the booking appointment,
or taken as the self-reported weight if not recorded by 20 weeks gesta-
tion (Government of Western Australia Department of Health, 2021).
Given the higher risk of late presentation to antenatal care in Aboriginal
women, they are more likely to self-report their weights and thus to have
their BMI underestimated (Kim et al., 2012). This may bias the estimates
(PAF and Aboriginality-BMI interaction) towards the null.

5. Conclusions

Overweight/obesity is a key driver of GDM among the Aboriginal
population. The risk of GDM increases with BMI levels to a greater extent
in Aboriginal, relative to non-Aboriginal, mothers, and the disparities
are more prominent at higher BMI values. Developing strategies in
partnership with Aboriginal community members to optimise weight
pre-conception (and across the life course) should be prioritised.

Funding

M.A.A was supported by a University Postgraduate Award (The
University of Western Australia), an Australian Government Research

Preventive Medicine Reports 36 (2023) 102444

Training Program Scholarship and the Peter and Anne Hector Award.
HDB and CCJS were supported by a National Health and Medical
Research Council grant (APP 1127265). GP was supported with funding
from the National Health and Medical Research Council Project and
Investigator Grants #1099655 and #1173991, institutional funding for
the WA Health and Artificial Intelligence Consortium, and the Research
Council of Norway through its Centres of Excellence funding scheme
#262700. The funding bodies had no role in the study design; in the
analysis of data and interpretation of results; in the writing of the
manuscript; and in our decision to submit this article for publication.

CRediT authorship contribution statement

Marwan Awad Ahmed: Conceptualization, Data curation, Formal
analysis, Methodology, Visualization, Writing — original draft. Helen D.
Bailey: Data curation, Methodology, Supervision, Writing — review &
editing. Gavin Pereira: Methodology, Writing — review & editing. Scott
W. White: Supervision, Writing — review & editing. Matthew J.L. Hare:
Methodology, Visualization, Writing — review & editing. Kingsley
Wong: Methodology, Writing — review & editing. Rhonda Marriott:
Methodology, Writing — review & editing. Carrington C.J. Shepherd:
Conceptualization, Methodology, Supervision, Writing — review &
editing.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Data availability
The authors do not have permission to share data.

Acknowledgements

The authors wish to thank the staff at the Western Australian Data
Linkage Branch and the data custodians of the Midwives Notification
System, Hospital Morbidity Data Collection, Western Australian Register
of Developmental Anomalies and WA Registry of Births, Deaths and
Marriages. The authors also gratefully acknowledge the guidance of the
Kaadaninny Aboriginal Advisory Committee (Rhonda Marriott, Patricia
Elder, Denese Griffin, Aunty Marie Taylor, Corina Martin, Aunty Millie
Penny, Lesley Nelson, Wendy Casey, Jade Maddox and Mel Robinson)
and Ngangk Yira Council of Elders (Aunty Marie Taylor, Aunty Doreen
Nelson, Aunty Doris Getta, Aunty Gladys Yarran, Aunty Millie Penny,
Aunty Vivienne Hansen, Uncle Fred Penny and Uncle Mort Hansen).

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.pmedr.2023.102444.

References

Aboriginal and Torres Strait Islander Health Performance Framework 2017 Report.
Australian Institute of Health and Welfare.

Adegbija, 0.0., Wang. Z. 2014. Gender variations in waist circumference levels between
Aboriginal and non-Aboriginal Australian populations: A systematic review. Obes.
Res. Clin. Pract. 8:e513-e24.

Australian Bureau of Statistics, 2016. Australian Statistical Geography Standard (ASGS).
ABS, Canberra.

Australian Institute of Health and Welfare, 2010. Diabetes in Pregnancy: Its Impact on
Australian Women and Their Babies. AIHW, Canberra.

Australian Institute of Health and Welfare, 2017. A Picture of Overweight and Obesity in
Australia. AIHW, Canberra.

Australian Institute of Health and Welfare, 2020. Overweight and Obesity: An Interactive
Insight. AIHW, Canberra.


https://doi.org/10.1016/j.pmedr.2023.102444
https://doi.org/10.1016/j.pmedr.2023.102444
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0015
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0015
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0020
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0020
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0025
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0025
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0030
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0030

M.A. Ahmed et al.

Australian Institute of Health and Welfare, 2020. Health Risk Factors Among Indigenous
Australians. AIHW, Canberra.

Burns, J., Thomson, N. 2006. Summary of Overweight and Obesity Among Indigenous
peoples.

Campbell, S.K., Lynch, J., Esterman, A., McDermott, R., 2012. Pre-pregnancy predictors
of diabetes in pregnancy among Aboriginal and Torres Strait Islander women in
North Queensland, Australia. Matern. Child Health J. 16 (6), 1284-1292.

Carson, B., Dunbar, T., Chenhall, R.D., Bailie, R., 2020. Social Determinants of
Indigenous Health. Routledge.

Chamberlain, C.R., Oldenburg, B., Wilson, A.N., Eades, S.J., O’Dea, K., Oats, J.J.N.,
Wolfe, R., 2016. Type 2 diabetes after gestational diabetes: greater than fourfold risk
among Indigenous compared with non-Indigenous Australian women. Diabetes
Metab. Res. Rev. 32 (2), 217-227.

Christensen, D., Davis, G., Draper, G., Mitrou, F., McKeown, S., Lawrence, D.,
McAullay, D., Pearson, G., Rikkers, W., Zubrick, S.R., 2014. Evidence for the use of
an algorithm in resolving inconsistent and missing Indigenous status in
administrative data collections. Aust. J. Soc. Issues 49 (4), 423-443.

Dabelea, D., Hanson, R.L., Lindsay, R.S., Pettitt, D.J., Imperatore, G., Gabir, M.M.,
Roumain, J., Bennett, P.H., Knowler, W.C., 2000. Intrauterine exposure to diabetes
conveys risks for type 2 diabetes and obesity: a study of discordant sibships. Diabetes
49 (12), 2208-2211.

Dabelea, D., Mayer-Davis, E.J., Lamichhane, A.P., D’Agostino, R.B., Liese, A.D., Vehik, K.
S., Narayan, K.M.V., Zeitler, P., Hamman, R.F., 2008. Association of intrauterine
exposure to maternal diabetes and obesity with type 2 diabetes in youth: the
SEARCH Case-Control Study. Diabetes Care 31 (7), 1422-1426.

Daniel, M., Lekkas, P., Cargo, M., Stankov, 1., Brown, A., 2011. Environmental risk
conditions and pathways to cardiometabolic diseases in indigenous populations.
Annu. Rev. Public Health 32 (1), 327-347.

Denney, J.M., Quinn, K.H., 2018. Gestational diabetes: underpinning principles,
surveillance, and management. Obstet. Gynecol. Clin. 45, 299-314.

Dobbins, T.A., Sullivan, E.A., Roberts, C.L., Simpson, J.M., 2012. Australian national
birthweight percentiles by sex and gestational age, 1998-2007. Med. J. Aust. 197
(5), 291-294.

Duong, V., Davis, B., Falhammar, H., 2015. Pregnancy and neonatal outcomes in
Indigenous Australians with diabetes in pregnancy. World J. Diabetes 6, 880-888.

Ford, E.J., Cade, T.J., Doyle, L.W., Umstad, M.P., 2018. Pregnancy risk factors associated
with birthweight of infants born to Australian Aboriginal women in an urban setting
- a retrospective cohort study. BMC Pregn. Childbirth 18, 382.

Government of Western Australia Department of Health. Guidelines for Midwives
Notification of Case Attended. 2021.

Greenland, S., Drescher, K., 1993. Maximum likelihood estimation of the attributable
fraction from logistic models. Biometrics 49 (3), 865.

Hare, M.J.L., Barzi, F., Boyle, J.A., Guthridge, S., Dyck, R.F., Barr, E.L.M., Singh, G.,
Falhammar, H., Webster, V., Shaw, J.E., Maple-Brown, L.J., 2020. Diabetes during
pregnancy and birthweight trends among Aboriginal and non-Aboriginal people in
the Northern Territory of Australia over 30 years. Lancet Reg. Health West Pac. 1,
100005.

Holman, C.D.J., Bass, A.J., Rouse, L.L., Hobbs, M.S.T., 1999. Population-based linkage of
health records in Western Australia: development of a health services research linked
database. Aust. N. Z. J. Public Health 23 (5), 453-459.

Hoy, W.E., Kondalsamy-Chennakesavan, S., McDonald, S., Wang, Z., 2006. Renal disease,
the metabolic syndrome, and cardiovascular disease. Ethn. Dis. 16, S2.

Hughes, J.T., O’Dea, K., Piera, K., Barzi, F., Cass, A., Hoy, W.E., Maclsaac, R.J., Maple-
Brown, L.J., 2016. Associations of serum adiponectin with markers of cardio-
metabolic disease risk in Indigenous Australian adults with good health, diabetes
and chronic kidney disease. Obes. Res. Clin. Pract. 10 (6), 659-672.

Hutchins, C., Neverauskas, D., 2014. Evidence Brief: Obesity Prevalence Trends in
Australia. Australian National Preventive Health Agency.

Iliodromiti, S., Sassarini, J., Kelsey, T.W., Lindsay, R.S., Sattar, N., Nelson, S.M., 2016.
Accuracy of circulating adiponectin for predicting gestational diabetes: a systematic
review and meta-analysis. Diabetologia 59 (4), 692-699.

International Diabetes Federation, 2019. IDF Diabetes Atlas, 8 ed. International Diabetes
Federation, Brussels, Belgium.

Janevic, T., Zeitlin, J., Egorova, N., Balbierz, A., Howell, E.A., 2018. The role of obesity
in the risk of gestational diabetes among immigrant and US-born women in New
York City. Ann. Epidemiol. 28 (4), 242-248.

Kim, S.Y., England, L., Sappenfield, W., Wilson, H.G., Bish, C.L., Salihu, H.M., et al.,
2012. Racial/ethnic differences in the percentage of gestational diabetes mellitus
cases attributable to overweight and obesity, Florida, 2004-2007. Prev. Chronic Dis.
9.

Kirke, A.B., Atkinson, D., Moore, S., Sterry, K., Singleton, S., Roxburgh, C., Parrish, K.,
Porter, C., Marley, J.V., 2019. Diabetes screening in pregnancy failing women in
rural Western Australia: An audit of oral glucose tolerance test completion rates.
Aust. J. Rural Health 27 (1), 64-69.

Li, S., Shin, H.J., Ding, E.L., van Dam, R.M., 2009. Adiponectin levels and risk of type 2
diabetes: a systematic review and meta-analysis. J. Am. Med. Assoc. 302, 179-188.

Preventive Medicine Reports 36 (2023) 102444

Makgoba, M., Savvidou, M., Steer, P., 2012. An analysis of the interrelationship between
maternal age, body mass index and racial origin in the development of gestational
diabetes mellitus. BJOG 119, 276-282.

Maple-Brown, L.J., 2011. The combined burden of diabetes and cardiovascular disease in
Indigenous Australians. Curr. Cardiovasc. Risk Rep. 5 (3), 215-222.

Maple-Brown, L.J., Brimblecombe, J., Connelly, P.W., Harris, S.B., Mamakeesick, M.,
Zinman, B., O’Dea, K., Hanley, A.J., 2013. Similarities and differences in
cardiometabolic risk factors among remote Aboriginal Australian and Canadian
cohorts. Diabetes Res. Clin. Pract. 100 (1), 133-141.

McDermott, R., Rowley, K.G., O’Dea, K., Lee, A.J., Knight, S., 2000. Increase in
prevalence of obesity and diabetes and decrease in plasma cholesterol in a central
Australian aboriginal community. Med. J. Aust. 172 (10), 480-484.

McDowell, M., Cain, M.A., Brumley, J., 2019. Excessive gestational weight gain.

J. Midwifery Womens Health 64 (1), 46-54.

Minges, K.E., Zimmet, P., Magliano, D.J., Dunstan, D.W., Brown, A., Shaw, J.E., 2011.
Diabetes prevalence and determinants in Indigenous Australian populations: A
systematic review. Diabetes Res. Clin. Pract. 93 (2), 139-149.

Newson, R.B., 2013. Attributable and unattributable risks and fractions and other
scenario comparisons. Stata J. 13 (4), 672-698.

Norgan, N.G., 1994. Interpretation of low body mass indices: Australian aborigines. Am.
J. Phys. Anthropol. 94 (2), 229-237.

O’Dea, K., 1992. Diabetes in Australian aborigines: impact of the western diet and life
style. J. Intern. Med. 232, 103-117.

O’Dea, K., 1996. Body weight and the risk of diabetes in Aborigines. Aboriginal Islander
Health Worker J. 20, 5-7.

O’Dea, K., Patel, M., Kubisch, D., Hopper, J., Traianedes, K., 1993. Obesity, diabetes, and
hyperlipidemia in a central Australian aboriginal community with a long history of
acculturation. Diabetes Care 16, 1004-1010.

Papaetis, G.S., Papakyriakou, P., Panagiotou, T.N., 2015. Central obesity, type 2 diabetes
and insulin: Exploring a pathway full of thorns. Arch. Med. Sci. 11, 463.

Paulo, M.S., Abdo, N.M., Bettencourt-Silva, R., Al-Rifai, R.H., 2021. Gestational diabetes
mellitus in Europe: A systematic review and meta-analysis of prevalence studies.
Front. Endocrinol. 12.

Piers, L., Rowley, K., Soares, M., O’dea K., 2003. Relation of adiposity and body fat
distribution to body mass index in Australians of Aboriginal and European ancestry.
Eur. J. Clin. Nutr. 57, 956-963.

Pink, B., 2013. Technical Paper: Socio-Economic Indexes for Areas (SEIFA). Australian
Bureau of Statistics, Canberra.

Robitaille, J., Grant, A.M., 2008. The genetics of gestational diabetes mellitus: evidence
for relationship with type 2 diabetes mellitus. Genet. Med. 10 (4), 240-250.

Royston, P. 2013. BOXTID: Stata Module to Fit Box-Tidwell and Exponential Regression
Models.

Rutishauser, I.H., McKay, H., 1986. Anthropometric status and body composition in
Aboriginal women of the Kimberley region. Med. J. Aust. 144, S8-S10.

Sellers, E.A.C., Dean, H.J., Shafer, L.A., Martens, P.J., Phillips-Beck, W., Heaman, M.,
Prior, H.J., Dart, A.B., McGavock, J., Morris, M., Torshizi, A.A., Ludwig, S., Shen, G.
X., 2016. Exposure to gestational diabetes mellitus: impact on the development of
early-onset type 2 diabetes in Canadian First Nations and non-First Nations
offspring. Diabetes Care 39 (12), 2240-2246.

Shepherd, C.C.J., Li, J., Zubrick, S.R., 2012. Social gradients in the health of Indigenous
Australians. Am. J. Public Health 102 (1), 107-117.

Shepherd, C.C.J., Li, J., Cooper, M.N., Hopkins, K.D., Farrant, B.M., 2017. The impact of
racial discrimination on the health of Australian Indigenous children aged 5-10
years: analysis of national longitudinal data. Int. J. Equity Health 16, 1-12.

Shou, C., Wei, Y.-M., Wang, C., Yang, H.-X., 2019. Updates in long-term maternal and
Fetal adverse effects of gestational diabetes mellitus. Matern.-Fetal Med. 1, 91-94.

Sina, M., Hoy, W.E., Callaway, L., Wang, Z., 2015. The associations of anthropometric
measurements with subsequent gestational diabetes in Aboriginal women. Obes. Res.
Clin. Pract. 9 (5), 499-506.

Thrift, A.P., Callaway, L.K., 2014. The effect of obesity on pregnancy outcomes among
Australian Indigenous and non-Indigenous women. Med. J. Aust. 201 (10), 592-595.

Voaklander, B., Rowe, S., Sanni, O., Campbell, S., Eurich, D., Ospina, M.B. 2020.
Prevalence of diabetes in pregnancy among Indigenous women in Australia, Canada,
New Zealand, and the USA: a systematic review and meta-analysis. Lancet Glob.
Health. 8:681-e98.

Vounzoulaki, E., Khunti, K., Abner, S.C., Tan, B.K., Davies, M.J., Gillies, C.L., 2020.
Progression to type 2 diabetes in women with a known history of gestational
diabetes: systematic review and meta-analysis. BMJ 369.

WA Register of Developmental Anomalies (WARDA). 2021.

Yeung, E.H., Hu, F.B., Solomon, C.G., Chen, L., Louis, G.M., Schisterman, E., Willett, W.
C., Zhang, C., 2010. Life-course weight characteristics and the risk of gestational
diabetes. Diabetologia 53 (4), 668-678.

Zhu, Y., Hedderson, M.M., Quesenberry, C.P., Feng, J., Ferrara, A., 2019. Central obesity
increases the risk of gestational diabetes partially through increasing insulin
resistance. Obesity 27 (1), 152-160.


http://refhub.elsevier.com/S2211-3355(23)00335-2/h0035
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0035
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0045
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0045
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0045
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0050
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0050
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0055
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0055
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0055
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0055
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0060
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0060
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0060
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0060
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0065
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0065
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0065
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0065
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0070
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0070
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0070
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0070
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0075
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0075
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0075
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0080
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0080
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0085
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0085
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0085
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0090
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0090
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0095
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0095
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0095
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0105
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0105
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0110
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0110
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0110
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0110
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0110
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0115
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0115
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0115
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0120
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0120
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0125
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0125
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0125
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0125
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0130
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0130
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0135
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0135
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0135
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0140
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0140
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0150
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0150
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0150
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0155
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0155
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0155
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0155
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0160
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0160
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0160
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0160
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0165
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0165
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0170
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0170
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0170
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0175
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0175
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0180
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0180
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0180
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0180
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0185
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0185
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0185
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0190
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0190
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0195
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0195
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0195
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0200
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0200
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0205
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0205
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0210
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0210
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0215
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0215
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0220
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0220
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0220
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0225
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0225
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0230
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0230
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0230
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0235
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0235
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0235
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0240
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0240
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0245
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0245
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0255
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0255
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0260
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0260
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0260
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0260
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0260
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0265
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0265
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0270
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0270
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0270
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0275
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0275
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0280
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0280
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0280
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0285
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0285
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0295
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0295
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0295
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0305
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0305
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0305
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0310
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0310
http://refhub.elsevier.com/S2211-3355(23)00335-2/h0310

	Overweight/obesity and other predictors of gestational diabetes among Aboriginal and non-Aboriginal women in Western Australia
	1 Introduction
	2 Methods
	2.1 Study design and population
	2.2 Data sources
	2.3 Measurements
	2.3.1 Aboriginal identification and gestational diabetes
	2.3.2 Predictors of GDM
	2.3.3 Missing data

	2.4 Ethics approval
	2.5 Statistical analysis
	2.6 Sensitivity analysis
	2.7 Aboriginal involvement

	3 Results
	4 Discussion
	4.1 The heavy burden of overweight/obesity among Aboriginal mothers
	4.2 The strong association between BMI and GDM in Aboriginal women
	4.3 Previous evidence
	4.4 Implications and recommendations
	4.5 Strengths and limitations

	5 Conclusions
	Funding
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Data availability
	Acknowledgements
	Appendix A Supplementary data
	References


