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Abstract

Background: Gestational diabetes mellitus (GDM) is the fastest growing type of diabetes in Australia with rates tre-
bling over the past decades partially explained by rising obesity rates and maternal age among childbearing women.
Percentage of GDM attributable to obesity has been documented, mostly focusing on metropolitan populations. In
parts of regional (areas outside capital cities) and rural Australia where overweight, obesity and morbid obesity are
more prevalent, intertwined with socioeconomic disadvantage and higher migrant communities, trends over time in
adjusted percentages of GDM attributed to obesity are unknown.

Methods: In this population-based retrospective panel study, women, without pre-existing diabetes, delivering
singletons between 2010 and 2017 in a tertiary regional hospital that serves 26% of Victoria's 6.5 million Australian
population were eligible for inclusion. Secular trends in GDM by body mass index (BMI) and age were evaluated. The
percentage of GDM that would have been prevented each year with the elimination of overweight or obesity was
estimated using risk-adjusted regression-based population attributable fractions (AFp). Trends in the AFp over time
were tested using the augmented Dickey-Fuller test.

Results: Overall 7348 women, contributing to 10,028 births were included. The age of expecting mothers, their BMI,
proportion of women born overseas, and GDM incidence significantly rose over time with GDM rising from 3.5%

in 2010 to 13.7% in 2017, p < 0.001, increasing in all BMI categories. The incidence was consistently highest among
women with obesity (13.8%) and morbid obesity (21.6%). However, the highest relative increase was among women
with BMI < 25 kg/m?, rising from 1.4% in 2010 to 7.0% in 2017. Adjusting for age, country of birth, socioeconomic
status, comorbidities, antenatal and intrapartum factors, an estimated 8.6% (confidence interval (Cl) 6.1-11.0%), 15.6%
(95% Cl 12.2-19.0%), and 19.5% (95% Cl 15.3-23.6%) of GDM would have been prevented by eliminating maternal
overweight, obesity, and morbid obesity, respectively. However, despite the rise in obesity over time, percentages of
GDM attributable to overweight, obesity, and morbid obesity significantly dropped over time. Scenario analyses sup-
ported these findings.
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Conclusions: Besides increasing prevalence of obesity over time, this study suggests that GDM risk factors, other

than obesity, are also increasing over time.

Keywords: Gestational diabetes mellitus, Obesity, Population attributable fractions, Incidence, Trends

Background

In 2013, the International Diabetes Federation (IDF)
estimated that 16.8% of live births were to women with
some degree of hyperglycaemia in pregnancy [1], with
the vast majority being attributable to gestational dia-
betes mellitus (GDM) [2]. The economic burden of
GDM extends to the diagnosis and management of
GDM maternal- and neonatal-associated complica-
tions, considerably contributing to health care costs
in both developed and developing economies [3, 4].
Globally, the 2005-2015 prevalence of GDM varied by
different regions, with the Middle East, North Africa,
Southeast Asia and the Western Pacific having the
greatest median prevalence of 12-13% and Europe hav-
ing the lowest median prevalence of 6% [5]. In multi-
cultural Australia, GDM rates trebled over the past
two decades rising from 5% in 2000 to 15% in 2017 [6].
Increasing trends in prevalence of GDM have also been
reported in Britain [7], Europe [8], North America [9],
and China [10].

The worldwide increase in the prevalence of GDM can
be partially explained by increased obesity rates and ris-
ing maternal age among childbearing women observed
in high- and middle-income countries [11-13]. In coun-
tries such as the United Kingdom, the United States and
Australia, approximately 50% of childbearing women live
with overweight or obesity [14], with Australia having
the 11th highest proportion of overweight or obesity in
women among OECD member countries in 2017 [15].
An Australian study, conducted in metropolitan Sydney,
reported an increase over time in the percentages of ges-
tational diabetes attributable to overweight and obesity
rising from 12.9% in 1990-1994 to 17.0% in 2010-2014
[16]. However, in parts of regional and rural Australia
where overweight, obesity and morbid obesity are more
prevalent [17], compounded with socioeconomic disad-
vantage and higher migrant communities, trends over
time in adjusted percentages of GDM attributed to obe-
sity and morbid obesity are not known.

Using routinely collected hospital data, this 8-year ret-
rospective panel study explored secular trends in GDM
attributable to overweight, obesity, and morbid obesity
in a large population-based sample in regional Victoria,
Australia. Secular trends in GDM were evaluated by age
and body mass index categories. The characteristics of
expecting mothers over time were explored and risk fac-
tors associated with GDM were examined.

Methods

Study sample

The study sample and setting have been described pre-
viously [18]. Briefly, all women birthing at a large ter-
tiary hospital in regional Victoria, Australia between
January 2010 and December 2017 were eligible for inclu-
sion. Women with type 1 or 2 diabetes were excluded.
Women with multiple pregnancies, or pregnancies that
resulted in singletons but that started as multiple, were
also excluded. Women with missing weight or height
were excluded. All study variables were extracted from
the Birthing Outcome System (BOS) database, an elec-
tronic, hospital-based integrated data collection tool that
facilitates longitudinal patient data recording on socio-
demographics, antenatal, intrapartum, and postpartum
information relating to each birth [12]. Missing informa-
tion was not common as all study variables were entered
into compulsory data fields that were completed by clini-
cians and administrative staff.

Definitions and study variables

Each woman was followed from her first antenatal visit
until her hospital discharge following birth. Women
with GDM were identified through an algorithm which
utilised information from free-text terms recorded in at
least one of three fields in BOS: obstetric complication,
labour complication, and reason for induction. The free-
text strings used to identify the women were: gestational
diabetes, gestational diabetes mellitus, gestational DM,
and GDM. Identification of diagnoses using free-text
algorithms is widely used in Australia in studies that uti-
lise routinely collected medical and administrative data
[12, 19, 20].

Study variables included age, body mass index (BMI),
country of birth, Socio-Economic Indexes for Areas —
Index of Relative Socio-Economic Disadvantage (SEIFA-
IRSD), Indigenous status (as self-identified as Aboriginal
or Torres Strait Islander), year of delivery, smoking, par-
ity, gravidity, hypertension, polycystic ovary syndrome,
gestational hypertension, gestational diabetes, pre-
eclampsia or eclampsia, number of ultrasounds con-
ducted during pregnancy, and past history of GDM for
multiparous women. Age was summarised into fifths
based on its distribution in the sample. BMI was esti-
mated using the weight and height measured by the mid-
wife at the woman’s first antenatal visit. Socioeconomic
status was defined by SEIFA-IRSD obtained from the
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Australian 2006 and 2011 Census data. SEIFA-IRSD is
a composite index of relative advantage or disadvantage
based on geographic areas across Australia, with higher
scores indicating less socio-economic disadvantage [21].
The index was grouped into its fifths according to the
score’s distribution in the sample.

The diagnostic criteria of gestational diabetes in Aus-
tralia changed during the study period. In the hospital
where the data of this study come from, during 2010—
2015, the diagnosis was based on the Australasian Dia-
betes in Pregnancy Society (ADIPS) criteria [22]; 2016
onwards, the International Association of the Diabe-
tes in Pregnancy Study Groups (IADPSG) criteria were
endorsed [23]. The diagnosis of GDM was made by cli-
nicians at the hospital following the recommended cri-
teria for each year. The diagnostic criteria for both time
periods are shown in Supplementary Table 1. GDM cases
diagnosed within and beyond the 24—28 gestation period
were captured.

Statistical analyses

Occurrence of GDM (yes/no) was measured for each
woman in each year, with adjusted percentages, derived
from a logistic regression applied on the whole sample,
plotted over time by BMI and age categories. Using an
exchangeable working covariance matrix, GDM was
modelled using a generalised estimating equations (GEE)
logistic regression which accounted for correlation and
dependence between repeat deliveries on the same indi-
vidual over time while adjusting for study variables asso-
ciated with the study outcome in univariate tests with a p
value <0.1.

The percentages of GDM that could have been avoided
with the elimination of maternal overweight, obesity, and
morbid obesity were estimated using model-based popu-
lation attributable fractions (AFp) for the whole sample
and by year of delivery. The AFp together with its con-
fidence intervals were estimated from the ratio of the
logs of conditional means of possible scenarios as rec-
ommended by Greenland and Drescher [24]. Change in
GDM incidence over time and change in adjusted AFp
associated with overweight, obesity, and morbid obesity
were tested using the augmented Dickey-Fuller test [25].
To fail to reject the null hypothesis and conclude that
time series is non-stationary, the Mackinnon approxi-
mate p value of this test needs to be insignificant (i.e.,
larger than 0.05) [25].

The dose-response effects of BMI categories on GDM
were tested for the first delivery in the 8-year study
period using likelihood ratio tests, with nested regression
models being compared to capture data trends. An insig-
nificant p value of the log likelihood test indicates linear-
ity [26].
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Scenario analysis

To account for the change in the GDM diagnostic criteria
during the study period, we conducted a scenario analy-
sis in which we predicted the GDM status using simula-
tions. Two separate simulations were conducted:

1. GDM diagnosis in 2016 and 2017 was made missing.
Using the GDM status in years 2010-2015 (i.e., based
on ADIPS criteria), we predicted the GDM status of
women birthing in years 2016 and 2017.

2. GDM diagnosis in years 2010-2015 was made miss-
ing. Using the GDM status in years 2016-2017 (i.e.,
based on IADPSG/WHO diagnostic criteria), we
predicted the GDM status of women birthing in
years 2010-2015.

We used chained equations utilising all study known
variables to generate the GDM status (a yes/no variable),
with 50 generated datasets and final estimates obtained
using Rubin’s rules [27], which accounted for the variabil-
ity in the predicted values among the generated datasets.
To avoid bias in generating the predicted values [28], all
study variables including year of delivery were included
in the prediction model. Women’s characteristics which
changed over time were accounted for in the models. Fol-
lowing each of the simulations, we estimated and plotted
the percentages of GDM attributable to obesity over the
years as conducted in epidemiological studies [29].

The analyses were performed using Stata/SE 16 (Stata
Corp LP, College Station TX, USA).

Ethics clearance

Ethics clearance was obtained from Bendigo Health
Human Research Ethics Committee (reference num-
ber LNR/16/BHCG/50) in April 2017 with amendments
accepted in July 2020. Informed consent was waived by
Bendigo Health Human Research Ethics Committee and
La Trobe University Human Research Ethics Committee.

Results

During the 8-year study period, a total of 7495 women
experienced a singleton birth, of whom 69.0% gave birth
once. Of the 7495 women, 81 (1.1%) with pre-existing
diabetes and 66 (0.9%) with a missing weight or height
were excluded, leaving a sample of 7348 women, contrib-
uting to 10,028 births, for analysis.

Baseline (i.e., at first delivery in study period) charac-
teristics of the sample by BMI categories are presented
in Table 1. Compared to women with BMI 525kg/m2,
women with obesity and morbid obesity were older,
came from more disadvantaged socioeconomic back-
grounds, had more comorbidities, and underwent more
ultrasound tests during their pregnancies. Approximately
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Table 1 Characteristics of women at first delivery by body mass index (BMI) category
BMI <25 kg/m? BMI 25.0-29.9 kg/m? BMI 30.0-34.9 kg/m? BMI > 35 kg/m? P value
N =3159 (43.0%) N =2036 (27.7%) N=1178(16.0%) N =975 (13.3%)

Age categories, years <0.001

<24 (youngest: 14years) 897 (28.4) 428 (21.0) 297 (25.2) 212(21.7)

25-27 536 (17.0) 347 (17.0) 204 (17.3) 67 (17.1)

28-30 626 (19.8) 401 (19.7) 224.(19.0) 81(18.6)

31-34 605 (19.2) 448 (22.0) 212(18.0) 94 (19.9)

> 35 (oldest: 50years) 495 (15.7) 412 (20.2) 41 (20.5) 221 (22.7)
Country of birth <0.001

Australia — non-Indigenous 2563 (81.1) 1762 (86.5) 1043 (88.5) 866 (88.8)

Australia - Indigenous 183 (5.8) 90 (4.4) 64 (5.4) 71(7.3)

East/Southeast Asia 177 (5.6) 56 (2.8) 11(0.9) 3(0.3)

South Asia 1(3.5) 49 (24) 16 (1.4) 4(04)

Europe / Americas 79 (245) 33(1.6) 18 (1.5) 11(1.1)

Polynesia 17 (0.5) 15(0.7) 10 (0.9) 13(1.3)

Middle East / Africa 19 (0.6) 20(1.0) 11(0.9) 3(03)

Unknown 10(0.3) 11 (0.5) 5(04) 4(04)
Socioeconomic status <0.001

High 927 (29.3) 692 (34.0) 350 (29.7) 275 (28.2)

Middle 1200 (38.0) 659 (324) 399 (33.9) 334 (34.3)

Low 1032 (32.7) 685 (33.6) 429 (36.4) 366 (37.5)
Past or present smoker 702 (22.2) 408 (20.0) 277 (23.5) 210 (21.5) 0.107
Primiparous 1845 (584) 1080 (53.1) 616 (52.3) 443 (45.4) <0.001
Gravida categories <0.001

1 1421 (45.0) 800 (39.3) 456 (38.7) 327 (33.5)

2 815 (25.8) 0(25.1) 286 (24.3) 245 (25.1)

>3 923(29.2) 726 (35.7) 436 (37.0) 403 (41.3)
Pre-existing hypertension 25(0.8) 5(0.7) 5.0 47 (4.8) <0.001
Polycystic ovary syndrome 73(23) 73 (3.6) (6 4) 108 (11.1) <0.001
Number of ultrasound tests <0.001
during pregnancy

0 160 (5.1) 85(4.2) 45 (3.8 39 (4.0)

1 454 (14.4) 279(13.7) 175 (14.9) 131(134)

2 994 (31.5) 628 (30.8) 350(29.7) 262 (26.9)

3 890 (28.2) 604 (29.7) 327 (27.8) 263 (27.0)

>4 661 (20.9) 440 (21.6) 281(23.9) 280 (28.7)

32% of women born in Australia, New Zealand, Europe,
or the Americas had a BMI> 30.0kg/ m?2. Women born in
East Asia, South Asia, or Southeast Asia were the leanest,
with obesity prevalence of 7.9%.

The proportion of older women, and women with
obesity increased over time. In 2010, 42.9% were aged
>30vyears, increasing to 49.9% in 2017, p < 0.001;
whereas 29.0% had a BMI > 30.0kg/m? in 2010 increasing
by 11 to 32.2%, in 2017 p =0.023. Women born overseas
and women born in South Asia, Southeast Asia and East
Asia increased over time (p < 0.001). Induction of labour,
emergency caesarean sections also increased over time
(p < 0.001 in both) (Table 2).

Of the 10,028 births, GDM was diagnosed among
930 (9.3%), significantly increasing over time (Fig. 1).
Increased incidence was evident in different BMI and
age categories (Fig. 2) with increasing trends found in
each BMI category and in all ages except women aged
<24vyears.

Percentages of GDM by different combinations of age
and BMI categories are shown in Fig. 3, with highest
expected percentages found among women with mor-
bid obesity who were > 35years old (27.3% compared
to 2.5% among women aged < 25years with BMI <24.9,
(p < 0.001).
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Fig. 1 Incidence of GDM over time, all deliveries during the eight-year period

In the multivariable analysis, odds of GDM increased in
a dose-response manner with increasing BMI (Table 3).

Population attributable fraction analyses estimated
that 8.6% (confidence interval (CI) 6.1-11.0%), 15.6%
(95% CI 12.2-19.0%), and 19.5% (95% CI 15.3-23.6%) of
GDM would have been prevented by eliminating mater-
nal overweight, obesity, and morbid obesity, respectively.
The unadjusted and risk-adjusted population attributable
fractions are shown in Table 4.

Despite the significant increase in obesity over time,
burden of GDM associated with overweight, obesity, or
morbid obesity significantly dropped over time as sup-
ported by the MacKinnon approximate tests shown in
Fig. 4. In 2010, the percentages of GDM attributable to
obesity and morbid obesity were respectively 23.3% (CI
-1.0-42.0%) and 30% (CI 2.0-5.0%) dropping to 14.2% (CI
7.0-21.0%) and 19.8% (CI 10.4—28.2%) in 2017.

The scenario analyses supported the decreasing trends
in percentages of GDM attributed to obesity as shown in
Supplementary Fig. 1.

Discussion

In a population-based longitudinal study of 10,028
mother-child pairs utilising routinely collected hospital
data, this study provides evidence of a significant increase
in GDM trends detected over a relatively short period of
8 years. Although GDM incidence was consistently high-
est among women with obesity and morbid obesity and
although obesity and GDM significantly increased over

time, burden of disease associated with obesity or morbid
obesity dropped over time. These findings may indicate
an increase over time in risk factors for GDM other than
obesity.

Similar to other studies [30, 31], using a large Austral-
ian sample we report increasing secular trends in the
incidence of gestational diabetes mellitus with some of
this increase attributed to increasing maternal obesity
and to older maternal age at delivery. The increasing
trends were also demonstrated after adjusting for soci-
odemographic, past obstetric history, and pre-existing
comorbidities. Our found independent associations
between higher BMI, older maternal age, and increased
risk of GDM are well documented [32], with risk of
GDM being nearly 11 times higher among women
with morbid obesity (BMI>40kg/m?) aged >35years
than that in leaner women (BMI<25kg/m?) aged
<25years. Our estimated percentage of GDM attrib-
utable to obesity is similar to another Australian study
[16] but is considerably lower than the 46% reported
by Kim et al. [13] although our GDM rates are much
higher than those reported by these authors. The dif-
ferences between our and Kim et al. findings could have
resulted from the much higher GDM rates in women
with normal BMI (the reference group) in our sample.
However, similar to these authors, our study confirms
the increased risk of GDM associated with increasing
BML In our data, obesity or morbid obesity was more
common amongst women born in Australia and other
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GDM over time by BMI categories, adjusted for age and country of birth
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Fig. 2 GDM percentages over time' by body mass index and age categories. Increased trends over time were observed in all except the age group
<24years

western economies. Women born in East Asia, South
Asia, or Southeast Asia were the leanest. Nonetheless,
risk of GDM was significantly and independently higher
among these migrant women. Although this study
adjusted for country of birth, besides the Indigenous
status, the ethnicities of the women were unknown
to us. Ethnicity may have been one of the major fac-
tors contributing to the increase in the incidence of
GDM over time. Just over half of the Indigenous Vic-
torians reside in regional and rural locations and there
are increasing numbers of ethnic minorities including
migrants, refugees, and Australian-born non-Caucasian

ethnic communities settling in regional Victoria with
these communities contributing to population growth
in regional Australia [33]. Our findings suggest that
ethnicity, acculturation together with changes in life-
style and environmental factors may have increased the
risk of GDM among migrant populations and ethnic
minorities [34—36]. Although the reasons underlying
the ethnic differences remain unclear, genetic factors
and glucose metabolism have been suggested as a pos-
sible explanation [37].

Our large-scale population-based study found no
evidence to indicate that the new diagnostic criteria
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Fig. 3 GDM percentages' by combinations of age and BMI categories. The percentages were adjusted for country of birth, socioeconomic status,
Indigenous status, smoking, pre-existing hypertension, past history of gestational diabetes, parity, gravidity, polycystic ovary syndrome, and number
of ultrasounds during pregnancy

(IADPSG) had had any impact on the detection of GDM.
The overall GDM incidence remained constant the year
before, during the same year, and in the year after the
new criteria were implemented, being 13.6% in 2015,
13.5% in 2016 (the year the new criteria were adopted),
and 13.6% in 2017, p =0.991. Although some medical
centres in Victoria, Australia, reported an increase in
GDM diagnosis after the new criteria were used [38], no
differences were found in our study. A multi-centre study
(the Hyperglycaemia and Adverse Pregnancy Outcome
(HAPO) study) that examined the frequency of GDM
in 15 medical centres in nine countries using the new
IADPSG criteria found a wide centre-to-centre variation
(9.3 to 25.5%) in the proportion of pregnant women diag-
nosed with GDM - a variation that persisted after adjust-
ing for maternal age, BMI, family history of diabetes
mellitus, and hypertension [39]. The authors could not
explain the variation in GDM diagnosis across the centres
suggesting that factors relating to glucose metabolism
could have contributed to these differences. Differences
in testing among the medical centres may also contrib-
ute to this variation with evidence indicating that centres
across Australia increased universal testing following the

implementation of the new diagnostic criteria [40]. Since
their recommendation, these criteria have been tested
and validated in different populations worldwide includ-
ing countries with predominantly Asian populations [41-
44]. However, when these criteria were compared against
pregnancy or neonatal adverse outcomes, the validation
results were inconsistent. Some studies found significant
associations between the criteria and adverse neonatal
outcomes [41, 42], while others failed to detect an asso-
ciation [43, 44]. It was suggested that these diagnostic
criteria might miss a proportion of cases with abnormal
glucose metabolism that could lead to increased neonatal
adverse outcomes due to untreated GDM [45].

Strengths and limitations

Strengths of this study include its population-based prov-
enance, the generalisability of the results, longitudinal
design, and the usage of readily available routinely col-
lected hospital data. However, the study also has limita-
tions. As earlier stated, the ethnicities of the women were
unknown to us. Maternal BMI was measured at the first
antenatal visit; we had no information on weight gain
during the pregnancy; however, BMI at the first antenatal
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Table 3 Odds ratios for having gestational diabetes at any time in the 8years (including first and repeated births per woman)

N of births Unadjusted analyses Multivariable analyses®
Variable N (%) OR (95% Cl) P OR (95% Cl) P
Age categories (fifths, based on age distribution in sample), years
Tstfifth: <25 (youngest: 14 years) 2301 (23.0) 1.00 1.00
2nd fifth: 25-27 1740 (17.4) 1.14 (0.90-1.45) 0.273 0.92(0.70-1.19) 0.515
3rd fifth: 28-30 2056 (20.5) 1.50(1.19-1.87) < 0.001 1.27 (0.99-1.62) 0.060
4th fifth: 31-34 521.1) 1.69 (1.36-2.11) < 0.001 1.31 (1.02-1.69) 0.033
5th fifth: >35 (oldest: 50years) 6(18.1) 2.60(2.09-3.23) < 0.001 1.96 (1.53-2.51) < 0.001
BMI, kg/m’
<250 4198 (41.9) 1.00 1.00
25.0-299 2804 (28.0) 1.67 (1.36-2.04) < 0.001 1.68 (1.36-2.07) < 0.001
30.0-349 1671 (16.7) 3.26 (2.66-4.00) < 0.001 343 (2.77-4.25) < 0.001
>35 1355 (13.5) 551 (4.51-6.74) < 0.001 5.53(447-6.84) < 0.001
Country of birth
Australia 9122 (91.0) 1.00 1.00
East/Southeast Asia 326 (3.3) 1.50 (1.06-2.13) 0.023 2.12(1.41-3.19) <0.001
South Asia 216 (2.2) 3.90 (2.83-5.39) <0.001 5.71(3.97-8.20) <0.001
Europe / Americas 183(1.8) 143 (0.87-2.34) 0.161 2.00(1.18-3.37) 0.010
Polynesia 74(0.7) 2.52 (1.36-4.70) 0.004 321 (1.71-6.04) <0.001
Middle East / Africa 69 (0.7) 1.81(0.88-3.72) 0.108 2.54(1.22-5.30) 0.013
Unknown 38(04) 0.99 (0.30-3.28) 0.988 1.11 (0.32-3.85) 0.865
Year of delivery
2010 1M7011.1) 1.00 1.00
2011 1M171(11.7) 0.70 (0.44-1.12) 0.134 0.70 (0.42-1.18) 0.180
2012 1168 (11.7) 1.69 (1.17-2.44) 0.005 1.84(1.23-2.76) 0.003
2013 1276 (12.7) 3.11(222-438) < 0.001 2.95(2.04-4.27) < 0.001
2014 1299 (13.0) 297 (2.11-4.19) < 0.001 2.64(1.82-3.83) < 0.001
2015 1255 (12.5) 4.39(3.13-6.14) < 0.001 3.88(2.70-5.59) < 0.001
2016 1321 (13.2) 4.25 (3.03-5.96) < 0.001 3.25(2.25-4.71) < 0.001
2017 1421 (14.2) 442 (3.16-6.17) < 0.001 3.06 (2.12-441) < 0.001

2 Generalised estimating equations (GEE) logistic regression, also adjusting for socioeconomic status, Indigenous status, smoking, pre-existing hypertension, past

history of gestational diabetes, parity, gravidity, polycystic ovary syndrome, and number of ultrasounds during pregnancy

Table 4 Unadjusted and risk-adjusted population attributable fractions by different comparator scenarios

Comparators

Unadjusted AFp (95% Cl)

Risk-adjusted AFp (95% Cl)

Overweight versus normal weight
Obesity versus normal weight
Morbid obesity versus normal weight

9.3% (6.7-11.9%)
17.1% (13.3-20.8%)
21.3% (16.7-25.7%)

8.6% (6.1-11
15.6% (12.2-19.0%)
19.5% (15.3-23.6%)

Abbreviation: AFp Population Attributable Fraction

visit has been shown to be a valid measure to predict
gestational diabetes [16]. Similarly, we had no informa-
tion on the gestational age of women at the first antenatal
booking. We did not have access to pathology results and
the diagnosis of GDM solely relied on the face validity of
diagnoses made by obstetricians and gynaecologists at
the hospital that were recorded in the hospital electronic
files.

Conclusions

Describing population trends of GDM using hos-
pital data offers advantages in regulatory surveil-
lance of GDM at a population level which can assist
to improve health planning and explore prevention
strategies. This study provides evidence of increasing
GDM proportions over time together with a change
in the characteristics of expecting mothers over time
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Figure 3a: BMI 25.0 kg/m2 or more versus BMI less than 25.0 kg/m2
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Figure 3b: BMI 30.0 kg/m2 or more versus BMI less than 25.0 kg/m2
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MacKinnon approximate z(t) statistics and p values*:
Figure 3a: z(t)=-1.322, p=0.619
Figure 3b: z(t)=-1.391, p=0.587
Figure 3c: z(t)=-1.147, p=0.696

*A non-stationary trend is considered if the MacKinnon test p value >0.05

Population attributable fraction (AFp) r

- AFp confidence interval

Fig. 4 Percentages of gestational diabetes mellitus attributable to overweight, obesity, and morbid obesity over time

is a large representative Australian regional popula-
tion. Although GDM attributable to obesity was clearly
demonstrated in our study, the percentage of GDM
attributable to obesity dropped over time despite the
significant increase in obesity over time. This may
indicate that other-than-obesity risk factors for GDM
may be increasing over time. Accounting for change in
the case-mix is critical to better predict GDM and to
improve medical care [46] while controlling for vary-
ing characteristics over time. GDM is a multifactorial
disease; better knowledge of the risk profile could opti-
mise the early and adequate management of women at
higher risk for GDM.
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