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ABSTRACT
Introduction: Gestational diabetes mellitus (GDM) is the most common antenatal complication in Western Australia. Rural areas
may be at greater risk due to poorer socioeconomic status, reduced healthcare access, increased obesity and greater Aboriginal
population. This paper reviews the prevalence and risk factors of GDM and outcomes for pregnancies in a regional rural centre, with
a view to predicting the risk of GDM in this population, given factors identified early in the pregnancy.
Methods: Retrospective logistic regression analysis of all deliveries at Bunbury Regional Hospital (BRH) from February 2009 to
March 2011 was used to produce a risk score for development of GDM.
Results: Of 1645 women delivered at BRH in the study period, nine had pre-existing diabetes and were excluded. A further 73
(4.46%) developed GDM in the current pregnancy. Logistic regression showed GDM to be strongly associated with maternal
obesity (adjusted odds ratio 2.48; 95% CI 1.62–3.82), age (2.21; 1.57–3.09) lowest socioeconomic quintile (2.34; 1.23–4.22) and
Asian ethnicity (3.47; 1.25–8.26). A cut-off value of 0.4 for the scoring system predicted the absence of GDM in 97.75% of women
with a sensitivity of 69.9% and a predicted risk of 20.7% for GDM. Maternal outcomes showed that GDM was associated with an
increased caesarean section rate (48.0% vs 30.8%; p=0.0066), lower spontaneous vaginal birth rate (37.7% vs 56.6%; p=0.048),
postpartum haemorrhage (28.8% vs 17.7%; p=0.028) and longer median hospital stay (3 vs 2 days; p=0.0001). Neonatal outcomes
showed a threefold increase in shoulder dystocia (10.5% vs 3.5%; p=0.025).
Conclusions: These results confirm the known association of GDM with age; obesity, lower socioeconomic quintile and Asian
ethnicity are also present in the rural population. The absence of association with Aboriginal ethnicity was not expected and is
discussed.
Key words: Australia, gestational diabetes mellitus, maternal outcomes, neonatal outcomes, risk factors, risk score, socioeconomic
status.
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Introduction

Methods

Gestational diabetes mellitus (GDM) is the most common
antenatal condition complicating pregnancy in Western
Australia (WA), with 5.1% of all women giving birth
diagnosed with GDM1. It is now recognised that GDM even
in mild forms may have an adverse impact on pregnancy
outcomes2,3, including fetal macrosomia, obstructed labour,
increased caesarean section and operative delivery rate and
neonatal hypoglycaemia. It has also been shown that
treatment reduces adverse outcomes4. There are no published
figures for rural or regional antenatal morbidity and in
particular for GDM rates within WA. However, rates of
rural antenatal morbidity might be expected to be higher than
rates for urban areas for similar reasons, explaining the
difference in perinatal mortality rates5. In particular, rates of
GDM might be expected to be higher in rural areas due to
increased rates of obesity6,7, higher proportion of Aboriginal
people with an associated higher susceptibility to GDM8, and
poorer access to health services for screening, monitoring and
treatment of GDM in pregnancy. Quantifying the rate of
GDM in rural areas is the first step in addressing the adverse
effects of this important complication of pregnancy.

Bunbury Regional Hospital (BRH) is a referral base for rural
south-west WA. The majority of patients reside in Bunbury
or the immediate suburbs; however, the catchment includes
towns north to Yarloop, east to Collie and Boyup Brook and
south to Walpole. The patient population is reflective of a
rural regional centre.

Identifying the most significant risk factors is also important
in case finding and identifying women most likely to benefit
from intervention. Well-recognised risk factors for GDM
include obesity, increasing maternal age, ethnicity, previous
fetal macrosomia and family history of gestational diabetes or
type 2 diabetes. Socioeconomic status is a recognised risk
factor for GDM9,10, as it is for type 2 diabetes11.
Geographic location is a primary determinant of many rural
health problems, being associated with socioeconomic status,
ethnic background and access to health care and other
services. While residential address is only a proxy for the
usual measures of socioeconomic status, such as education
and income, it does reflect an aggregate effect of these
determinants. It is an important factor to consider when
discussing rural health outcomes.

A retrospective review of the Stork obstetric database at BRH
for the 2 year period from February 2009 to March 2011 was
conducted. The Stork database is an electronic summary of
antenatal and delivery details for all women giving birth. This
database has been used in a number of other hospitals within
WA; however, BRH is the first hospital outside the urban
area to use it. Midwives enter data on all pregnancies at
around 26 weeks gestation when women are first seen for
booking into the obstetric unit and again at discharge
postpartum. It includes details of antenatal tests, smoking and
alcohol use, depression scores, delivery details such as mode
of delivery, analgesia, perineal status and neonatal outcomes.
The study looked at antenatal risk factors for GDM and
maternal and neonatal outcomes. Data were collected on
maternal age, parity, birth plurality, BMI at booking,
ethnicity, suburb of residence, presence of GDM, smoking
during pregnancy, hypertension, pre-eclampsia and
Edinburgh Postnatal Depression Score (EPDS) at booking.
Data were also collected on birth outcomes, including birth
method, shoulder dystocia, total blood loss in millilitres,
length of stay in days, birth gestational age, birth weight,
fractured clavicle, Erbs palsy, cephalohaematoma, neonatal
jaundice, phototherapy, neonatal hypoglycaemia and
admission to neonatal special care or intensive care units. In
addition, babies who were large for gestational age (LGA)
were identified according to standard Australian birth
charts12.
The Socio-Economic Index for Areas (SEIFA) has been
developed by the Australian Bureau of Statistics (ABS) as a
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measure of the welfare of Australian communities13. The use
of SEIFA scores allows an approximate measure of
socioeconomic status based on residential address. The SEIFA
score was derived from tables from the ABS14. SEIFA decile
scores were used to rank patients. The decile scores were
then grouped into quintiles to give meaningful sample sizes.
The lowest SEIFA quintile 1 corresponds with the lowest
socioeconomic status. Presence of GDM was determined by
routine screening for GDM at 26–28 weeks with a glucose
challenge test. Those with a high glucose challenge test score
underwent the 75 g oral glucose tolerance test. GDM was
diagnosed if the test showed fasting blood sugar level
(BSL)≥5.5 mmol/L or 2 hour BSL≥8.0 mmol/L, in
accordance with accepted Australian criteria at the time of
the study15. BRH maternity unit followed up missing results
to ensure complete screening of the obstetric population.

Statistical analysis
Statistical analysis included descriptive analysis using χ2 and
Fisher’s exact test for univariate associations. Individual cell
χ2 values were determined where a significant proportion of
the table χ2 was attributed to this cell. Continuous variables
such as gestational age at birth and blood loss were assessed
using the Kruskal–Wallis (KW) test, as they were skewed
and kurtotic. Variables were included in the stepwise logistic
regression analysis with an entry level of significance of 0.2
and retained with a value of 0.05. The logistic regression
analysis was used to obtain a logistic coefficient for each
variable, and the score became the sum of these coefficients16.
The evaluation of Pi= e(constant+logistic coefficients)/1+ e(constant+logistic
coefficients)
gives the prediction of the occurrence of GDM for
any patient i16. Analyses were conducted using Statistical
Analysis Software v9.3 (SAS Institute, www.sas.com).

Ethics approval
Ethics approval for this study was obtained from the WA
Country Health Service Board Research Ethics Committee
(2010:24).

Results
Of 1645 women delivered at BRH in the study period, nine
had pre-existing diabetes and were excluded from further
analysis. A further 73 (4.46%) developed GDM in the
current pregnancy. Demographic and antenatal parameters
are shown in Table 1, together with their associations with
GDM. Maternal age, BMI, SEIFA quintile 1 and Asian
ethnicity were significant univariate predictors of GDM.
Although there is often an association between smoking status
and SEIFA, in our population women of all status groups
smoked and this is not significantly associated within the
group of women with GDM.
The results of logistic regression analysis are presented in
Table 2. The dependent variable was presence of GDM in the
pregnancy. All demographic or antenatal risk factors that
showed an association with GDM at p<0.20 were initially
included in the model, together with interactions of SEIFA
with maternal age and BMI, and maternal age and BMI
together. Ethnicity was modelled as Aboriginal and Torres
Strait Islander (ATSI), Asian and Other, parity as 0–2 versus
>3, and SEIFA as quintile 1 versus rest in line with the
univariate results. Maternal age was modelled as <20 years
and then in 5 year intervals, whereas BMI was modelled as
underweight (<18.6), normal (18.6–25), overweight (25.1–
30), obese (30.1–35) and very obese (>35.1). The first
analysis showed there was no additional significance attached
to the SEIFA interactions with maternal age (p=0.155), BMI
(p=0.694), ethnicity (0.969) or parity (0.302) or for
maternal age with BMI (0.611) over that already present for
the variables alone, and the second analysis removed any
parity effect (p=0.924). The final model is summarised in
Table 2.
Receiver–operator characteristic (ROC) curves were plotted
for the model as a whole and for individual parameters
(Fig1). The area under the curve was calculated as 0.706
(standard error 0.034). The model was 68.0% concordant in
this population.
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Table 1: Demographic and antenatal factors and gestational diabetes mellitus
Demographic factor

Maternal age (years)
BMI
Parity

0
1
2
3
4+
2

Plurality
Ethnicity
ATSI
Asian
Caucasian
Maori
Other
Smoking
Yes
SEIFA (quintiles)
1
2
3
4
5
Antenatal†
Hypertension
Preeclampsia
Polyhydramnios
EPDS>12

GDM=No
N=1563
Mean (SD)
27.7 (±5.9)
27.4 (±6.2)
n (%)
610 (39.0)
503 (32.2)
276 (17.7)
117 (7.5)
57 (3.6)
21 (1.3)

GDM=Yes
N=73
Mean (SD)
30.8 (±5.7)
31.1 (±6.7)
n (%)
27 (37.0)
20 (27.4)
13 (17.8)
8 (11.0)
5 (6.8)
0 (0)

Total
1636
Mean (SD)
27.8 (±6.0)
27.6 (±6.2)
n (%)
637 (38.9)
523 (32.0)
289 (17.7)
125 (7.6)
62 (3.8)
21 (1.3)

81 (5.2)
46 (2.9)
1347 (86.2)
47 (3.0)
42 (2.7)
406 (26.0)

6 (8.2)
6 (8.2)
59 (80.8)
0 (0)
2 (2.7)
21 (28.8)

87 (5.3)
52 (3.2)
1406 (86.0)
47 (2.9)
44 (2.9)
427 (26.3)

167 (10.7)
165 (10.6)
259 (16.6)
806 (51.6)
166 (10.6)

15 (20.6)
8 (11.0)
12 (16.4)
28 (38.4)
10 (13.7)

182 (11.1)
173 (10.6)
271 (16.6)
834 (51.0)
176 (10.8)

15 (1.0)
46 (2.9)
4 (0.3)
107 (9.0)

1 (1.4)
2 (2.70
2 (2.7)
3 (5.8)

16 (1.0)
48 (2.9)
6 (0.4)
110 (8.9)

p value
<0.0001
<0.0001
0.468

1.000
<0.0001
0.0184*

0.596
0.058
0.020*

0.520
1.000
0.0262
0.621

Data are shown as mean±standard deviation or n, %.
*Results from individual cell χ2 analysis.
†Antenatal risk factors were analysed using Fisher’s exact test due to low numbers.
ATSI, Aboriginal and Torres Strait Islander; EPDS, Edinburgh Postnatal Depression Score; GDM, gestational diabetes mellitus; SEIFA, SocioEconomic Index for Areas.

Table 3 gives the details of the comparison of ROC curves
calculated from the different models, each variable on its own,
maternal age and BMI together and the full model. Although
SEIFA and ethnicity do not have strong effects, they are still
significant at 0.05 and thus retained as part of the final model.
The scoring system using the factors remaining significant in the
model is shown in Table 4. Age <20 years and BMI of
underweight and overweight were not significantly different from
baseline so were not scored as separate items. The total score is
estimated by adding the individual item scores for each woman,

then interpolating the risk from the right-hand side of the table and
from the bottom of the table. Thus, a Caucasian woman aged 32
with a BMI of 32 but SEIFA class 4 has a total score of
0.282+0.518=0.8, giving a risk of 20.7% for developing GDM.
The best discriminating score was 0.4, giving a sensitivity of
69.9%, and a specificity of 61.2%. Although the positive
predictive value at this cut-off was only 7.8%, the negative
predictive value, which is more important, was 97.8%. It should
be noted that maternal age >40 years, BMI>30, SEIFA class 1 or
Asian ethnicity alone identify the woman as having at least a one in
six risk for developing gestational diabetes.
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Table 2: Summary of logistic regression model with odds ratio estimates and profile likelihood confidence
intervals
Parameter

Estimate

Odds ratio

–2.1485

Standard
error
0.333

Baseline: Age 20–25 years;
BMI 18.7–25; SEIFA 2-5;
Ethnicity Other
Maternal age
<20
(years)
25.1–30
30.1–35
35.1–40
>40
BMI
<18.6
25.1–30
30.1–35
>35
SEIFA
1
Ethnicity
Asian

95% CI (compared with
baseline)

–1.063

0.509

0.693

0.153

2.323

0.029
0.282
0.613
0.836
–0.544
–0.369
0.518
0.802
0.424
0.622

0.242
0.258
0.287
0.537
0.827
0.308
0.308
0.308
0.157
0.237

2.065
2.660
3.706
4.631
0.872
1.039
2.523
3.351
2.337
3.470

0.994
1.231
1.598
0.970
0.048
0.523
1.270
1.689
1.225
1.249

4.609
6.094
8.903
16.845
4.457
2.002
4.912
6.546
4.223
8.256

SEIFA, Socio-Economic Index for Areas.

Figure 1: Receiver–operator characteristic curves for comparisons.
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Table 3: Associations for receiver–operator characteristic curves
ROC model
Area
0.634
0.622
0.549
0.543
0.684
0.706

Maternal ag
BMI
SEIFA
Ethnicity
Age+BMI
All

Mann–Whitney
Standard error
95% Wald confidence limits
0.031
0.574–0.695
0.034
0.556–0.688
0.024
0.502–0.597
0.022
0.499–0.586
0.029
0.626–0.741
0.031
0.646–0.766

ROC, receiver–operator characteristic; SEIFA, Socio-Economic Index for Areas.

Table 4: The gestational diabetes mellitus scoring system
Risk factor
Maternal age
(years)

BMI
SEIFA
Ethnicity
Total score
Risk of GDM (%)

Range
25.1–30
30.1–35
35.1–40
>40
30.1–35
>35
1
Asian
0.1
11.5

0.2
12.5

Item score
0.029
0.282
0.613
0.836
0.518
0.802
0.424
0.622
0.3
0.4
13.6
14.8

0.5
16.2

0.6
17.5

0.7
19.0

0.8
20.7

0.9
24.1

1
26.0

GDM, gestational diabetes mellitus; SEIFA, Socio-Economic Index for Areas.

The effect of GDM in pregnancy on maternal and neonatal
outcomes is shown in Table 5. Birth outcomes were analysed
using Fisher’s exact test due to low numbers. The maternal
outcomes information shows there is a significant effect of having
GDM in this population on delivery mode (p=0.0178), with a
significantly higher rate of caesarean section and fewer
spontaneous births. These women had a higher blood loss overall
(KW test, p=0.0065) and a higher proportion with greater than
500 mL loss, the threshold definition of postpartum haemorrhage
(p=0.0114). Mothers with GDM had a longer median length of
stay in hospital (2 vs 3 days; KW test, p=0.0023). Mothers who
had GDM gave birth with a median difference in gestation of
5 days earlier (KW test, p=0.0001) but there was no difference in
the birth weight of the infants, nor for the proportion that were
large for gestational age (corrected for gestation). The infants of
the mothers who had GDM had a threefold higher rate of shoulder
dystocia (p=0.025) but there were no other differences.

Discussion
The authors believe this is the first published review of GDM in an
Australian rural regional centre. The study presents two years of
obstetric data for BRH, a referral hub for south-west WA. In
particular, the incidence of GDM was shown to be similar to that
found in the state overall. Within the population, there were
subgroups at higher risk. These groups included the obese, older
mothers and those in the lowest socioeconomic quintile. Specific
ethnic groups were not shown to be at higher risk within this
population except for Asian mothers. There was no independent
effect for ATSI women, a surprising finding as other studies8 have
shown that this group is at increased risk for gestational diabetes
and for type 2 diabetes. This result may have been due to low
population numbers, with only 5.3% of the population being in
this racial group. Alternatively, there may have been a referral
effect, with the highest risk patients being referred out of Bunbury
to a tertiary centre in Perth. The data to explore this possibility
were not available for this study.
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Table 5: Effect of gestational diabetes mellitus on maternal and neonatal outcomes

Maternal outcome
Delivery mode
Caesarean
Forceps
Vacuum
Spontaneous
Blood loss†
>500 mL
Postnatal length of stay (days)†
Neonatal outcome
Gestation (=N weeks + n days)†
Birth weight (g)†
Large for gestational age
Birth trauma (excl. caesarean section)
Shoulder dystocia
Fractured clavicle
Erbs palsy
Cephalohaematoma
Neonatal jaundice
Hypoglycaemia
Monitored ward
SCU
NICU

GDM=No
N (%)
1563

GDM=Yes
N (%)
73

p value
0.0178

481 (30.8)
85 (5.4)
112 (7.2)
885 (56.6)
300 (200–500)
277 (17.7)
2 (1–3)
1591
394 (385–403)
3450 (3110–3770)
195 (12.3)

35 (48.0)*
4 (5.5)
5 (6.9)
29 (39.7)*
400 (300–600)
21 (28.8)
3 (2–4)
75
386 (381–394)
3450 (3110–3780)
13 (17.3)

38 (3.5)
1 (0.1)
2 (0.2)
15 (1.4)
84 (5.3)
21 (1.3)

4 (10.5)
0 (0)
0 (0)
1 (2.6)
8 (10.7)
3 (4.0)

48 (3.0)
13 (0.8)

3 (4.0)
1 (1.3)

0.0065
0.0283
0.0023
<0.0001
0.994
0.209
0.025
1.000
1.000
0.423
0.063
0.090
0.533
0.498
0.477

*Significant cell χ2at p<0.05.
†Median with interquartile range (Q1–Q3).
NICU, Neonatal Intensive Care Unit, high-dependency nursery at tertiary centre in Perth, Western Australia; SCU, Special Care
Unit, level 2 nursery at Bunbury Regional Hospital.

While the strong association of obesity with GDM is no
surprise, the number of pregnant women who were
overweight or obese is a concern. In the study population,
less than half were in the normal weight range and a quarter
were obese. Clearly, obesity is a major concern in this
population. The lowest socioeconomic quintile had over
twice the rate of GDM of the rest of the population.
However, the association of the SEIFA quintile 1 with GDM
was statistically independent of the effect of obesity. This
implies that low socioeconomic status in itself is a predictive
factor for GDM. This is consistent with similar findings
elsewhere9. In terms of a target group, the obese, and in
particular the lowest socioeconomic strata, are the women
who would benefit the most from intervention. Women with
GDM present an increased care burden for BRH, with longer

hospital stays, increased maternal haemorrhage, increased
shoulder dystocia and increased surgical intervention.
This study has a number of limitations. First, it records data
from one institution. It is not truly representative of the
whole obstetric population as there are other hospitals in the
region delivering babies. Unfortunately, access to the
obstetric data from the other hospitals was not readily
available. While two years of data yielded a sample size with
over 95% power to identify twofold changes in probability
with five covariates, when broken into subgroups, for some,
such as ethnicity, the sample sizes were too small to make
broader generalisations. The absence of increased risk for
GDM in the ATSI ethnic group is a finding differing from
other studies8. This may reflect the small sample size, a
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sampling bias (with severely affected patients being referred
to a tertiary centre) or something different about the ATSI
patients in this community.
This is the first study to look at what is happening with
regards to GDM within a rural regional WA hospital. The
catchment of BRH covers a wide spectrum of socioeconomic
status, including areas of relative affluence. Elsewhere in
rural WA, there are regions with significantly lower
socioeconomic status, such as the Kimberley, which may have
a much higher risk of GDM. The results of this study suggest
a comparative study of antenatal risk factors for GDM in
other rural regions is required.
Universal screening for GDM has been recommended for all
women at 26–28 weeks gestation for some time17 and has
been recently updated18. However, it is still important to
identify those women at higher risk of GDM to allow earlier
intervention or additional screening outside the
recommended protocol. Using the simple scoring system
presented in this paper, rural practitioners may be able to
distinguish between those women who have a 98% chance of
not developing GDM and those for whom extra vigilance may
identify those with the condition, allowing earlier
intervention and improving maternal and neonatal outcomes.

Conclusions

access to the Stork database. Karen Hanson prepared the data
set for analysis. David Atkinson and Kirsten Auret reviewed
the manuscript. Linda Hemson and Maureen Hutchinson
provided assistance with access to the data.
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