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CONSIDERABLE CONTROVERSY sur-
rounds the diagnosis,1 natural history,
management and outcomes2 of women
whose initial diagnosis of glucose intol-
erance occurs during pregnancy (ie,
gestational diabetes mellitus [GDM]).
Opinions regarding the impact on the
infant range from only minor to highly
significant.3 The true incidence of
GDM is unknown because of the lack of
universal testing, inconsistent diagnos-
tic criteria and the absence of a uniform
reporting system to a centralised regis-
ter. Some of this uncertainty arises from
the paucity of true population studies.3,4

In Australia, previous attempts to
determine the true incidence have been
based on surveys of prenatal clinics con-
sisting of hospital patients and/or private
patients,5-8 but these are subject to bias
due to referral patterns, local population
variations and local clinical practice.

Using information from routinely col-
lected datasets and epidemiological
methods, we aimed to estimate the inci-
dence of GDM in all singleton pregnan-
cies for Victoria in 1996 and compare
the risk factors for GDM and the mater-
nal and infant outcomes with those in
non-diabetic pregnancies.

METHODS
1.Methods

Record linkage, capture–recapture and 
incidence estimates

Our study used data from the Perinatal
Morbidity Statistics System (PMSS) and
the Victorian Inpatient Minimum Data-
set (VIMD). Linking independent data
sources and applying capture–recapture
methodology can provide an estimate of
the level of incompleteness of a dataset.9

Having identified the cases reported to
one dataset only and those reported to
both, one can estimate the number of
unreported cases and ultimately the total
number of cases (Box 1).

After excluding women who had mul-
tiple births, an estimate of the total
number of cases, their incidence and the
95% confidence intervals (95% CI),

and the sensitivity of the datasets were
calculated in Excel10 using Chapman
and Seber’s calculations for the cap-
ture–recapture, as quoted in Epi Info
version 6.04a.11

In the absence of a unique identifier, a
simple merging of the files was not feasi-
ble. Probabilistic record linkage using
computer software (AutoMatch)12 was
used to link maternal records from the

PMSS with the corresponding record in
the VIMD. Reporting of births by mid-
wives to the PMSS is mandatory in
Victoria, with compliance at 99.6% of
all births.13 Variables common to both
datasets were used in various combina-
tions to identify matches. The program-
ming of the software was piloted using
small datasets until there were no obvi-
ously incorrect matches, few unlinked
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ABSTRACT

Objectives:  To describe the epidemiology of gestational diabetes mellitus (GDM) 
in Victoria.

Study design:  Population study of all women having singleton births in Victoria
in 1996.

Methods:  Probabilistic record linkage of routinely collected data and capture–
recapture techniques to provide an estimate of the incidence of GDM.

Main outcome measures:  Risk factors for and the adverse outcomes associated 
with GDM compared with the non-diabetic population by univariate and multivariate 
analysis.

Results:  The estimated incidence of GDM was 3.6% (95% confidence interval 
[CI], 3.60%–3.64%). GDM is associated with women who are older, Aboriginal, 
non-Australian born, or who give birth in a larger hospital. The adverse outcomes 
associated with GDM pregnancies were hypertension/pre-eclampsia (adjusted odds 
ratio [OR], 1.6; 95% CI, 1.4–1.9), hyaline membrane disease (1.6; 1.2–2.2), 
neonatal jaundice (1.4; 1.2–1.7) and macrosomia (2.0; 1.8–2.3). Interventions 
during childbirth were also associated with GDM — for example, induction of labour 
(3.0; 2.7–3.4) and caesarean section (1.7; 1.6–1.9).

Conclusion:  Women with GDM had increased rates of hypertension, pre-
eclampsia, induced labour, and interventional delivery. Their offspring had a 
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higher risk of macrosomia, neonatal jaundice and hyaline membrane disease.
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records, and a minimum number of
records for individual review.

Ethical approval to perform record
linkage between the two departmental
datasets was obtained from the Victo-
rian Department of Human Services
Ethics Committee.

Risk factors and adverse outcomes

Since the capture–recapture methods
estimate the number of unascertained
cases of GDM, these cases are hypo-
thetical and cannot be assigned to spe-
cific records. Therefore, the cases of
GDM used in the analysis of risk factors
and outcomes were those identified in
either or both datasets. Two hundred
women with pre-existing diabetes were
excluded from the multivariate analysis.

Factors recorded in the PMSS that
were investigated for their association
with GDM included maternal age,
country of birth, history of a previous
perinatal death, aboriginality, parity,
gravidity, marital status, rural or metro-
politan area of residence, and the size of
the hospital where the birth occurred.

The outcomes investigated were those
recorded in the perinatal data collection
form, either in “tick boxes” (eg, pla-
centa praevia, placental abruption,

onset of labour and delivery type, neo-
natal death), or coded as a complication
(eg, hypertension [International Classifi-
cation of Diseases, 9th edition (ICD-9),
codes 6420 to 6429], or pre-eclampsia
[ICD-9 code 6424]). Macrosomia was
defined as birthweight � 90th percen-
tile for gestational age, and birth defect
information was merged from the Con-
genital Malformation Registry. Factors
other than a diagnosis of GDM that are
known to influence the development of
these outcomes were included in the
analysis. These included maternal age,
marital status, country of birth, gravid-
ity and parity, aboriginality, previous
perinatal death, maternal hypertension
or pre-eclampsia, gestational age, baby’s
discharge status, stillbirth, gender, and
macrosomia.

Univariate and multivariate statistical
analysis was performed using Epi Info
6.04a11 or SPSS.12 We calculated �2

tests, �2 tests for trend and odds ratio
(an approximation to the relative risk for
a condition with an incidence < 10%)
for all risk factors and outcomes (signif-
icance defined as P < 0.05). We per-
formed a forward stepwise logistic
regression analysis of the explanatory
variables to assess the independent
effects on the odds of developing GDM.

The effects of gravidity and parity were
very similar, so only parity is reported
here. Similarly, adverse outcomes that
were significantly associated with GDM
in the �2 test and those considered
clinically important were modelled as
the dependent variable in a forward
stepwise logistic regression to identify
the extent to which the diagnosis of
GDM increased the risk of that out-
come after controlling for other predic-
tors. While we have reported the 95%
CI, because of the multiple compari-
sons we have reduced the level consid-
ered significant to P < 0.01.

RESULTS
1.Results

Incidence and record linkage

We could link records from the two
datasets for 99.3% of the 61 912
women giving birth in Victoria in 1996.
After excluding women who had multi-
ple births, there were 60 600 in our
linked study population. Box 1 shows
the number of women who were diag-
nosed with GDM in one or both data-
se t s .  U s ing  cap ture– recap tu re
methodology, the estimated number not
identified in any dataset was 24 and the
total number of cases of GDM in 1996
was 2193. This corresponds to 3.62%
(95% CI, 3.60%–3.64%) of all women
having singleton births.

Risk factors — univariate analysis 
(Box 2 and Box 3)

Factors significantly associated with
GDM (P < 0.001) were the woman’s
country of birth, marital status and
rural residence, maternal age, parity,
gravidity, and index of relative social
disadvantage (the only inverse relation-
ship). Previous perinatal death was
associated with GDM at the P = 0.015
level. Aboriginality was not significantly
associated. The incidence of GDM was
usually higher in women who were born
overseas, particularly northeast or
southern Asia, and was lowest in
women born in Australia or the United
Kingdom.

Risk factors — multivariate analysis 
(Box 2)

Logistic regression analysis showed
that, after controlling for other factors,

1: Capture–recapture method of estimating gestational diabetes

Yes No

1653 2076

1746

423

93

Yes

Cases of GDM recorded
in the PMSS only

Total estimated number of cases (a+b+c+d) = 2193
Estimated incidence of GDM in 1996              = 2193/60 600 
                                                                       = 3.62% (95% CI, 3.60%-3.64%)

Sensitivity of PMSS              = 79.6% (95% CI, 79.2%-80.0%)
Sensitivity of VIMD               = 94.7% (95% CI, 94.2%-95.1%)
Sensitivity of both combined = 98.9% (95% CI, 98.4%-99.4%)

GDM = gestational diabetes mellitus; PMSS = Perinatal Morbidity Statistics System; 
VIMD = Victorian Inpatient Minimum Dataset; CI = confidence interval.

Cases of GDM recorded
in both datasets

Missed cases of GDM:
estimated to equal
b  c ÷ a
(ie, 423  93 ÷ 1653 = 24)

Cases of GDM recorded
in the VIMD only

No X

a b

c d

PMSS

VIMD
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the factors associated with the diagnosis
of GDM were having been born over-
seas (other than in the British Isles,
North or South America), aboriginality,
being older, residing outside the metro-
politan region, living in a lower socio-
economic status region, and giving birth
in a larger hospital. Parity, marital status
and previous perinatal death were not
significantly associated with GDM. The
crude incidence of GDM was higher in
the metropolitan region than in the
rural region, but, after adjustment for
the other variables, residing in a rural
region contributed to an increased risk
of being diagnosed with GDM. The
strongest associations with adjusted
odds ratios greater than two were for
some ethnic groups, women over 35
years of age and Aboriginal women.

Adverse outcomes (Box 4)

Maternal outcomes: Rates of hyper-
tension and pre-eclampsia were
increased in women with GDM.
“Hypertension” included pre-existing
hypertension as well as hypertensive dis-
orders of pregnancy. This association
stayed after controlling for parity, coun-
try of birth and maternal age, which
were all strongly associated with the
development of hypertension and pre-
eclampsia. Placenta praevia, placental
abruption and premature rupture of
membranes were not increased in
women with GDM.

Delivery outcomes: The intervention
rate was higher in women with GDM.
They were more likely to have labour
induced or have an elective caesarean
and to undergo an operative delivery
(forceps or caesarean). Those who had
a vaginal birth were more likely to have
an episiotomy (even after controlling for
the effect of forceps delivery). After
controlling for the presence of hyperten-
sion and pre-eclampsia the risk of hav-
ing labour induced was even higher.

Fetal outcomes: Infants of mothers
with GDM were more likely to have
hyaline membrane disease, neonatal
jaundice and macrosomia. These find-
ings were present after controlling for
gestational age and prematurity. More
severe perinatal outcomes, such as still-
birth, neonatal death and shoulder dys-
tocia, were not associated with GDM.

2: Risk factors for gestational diabetes mellitus (GDM) significant in both 
univariate and multivariate analysis 

Risk factor Total births*
GDM 
cases 

Crude odds ratio† 

(95% CI)
Adjusted odds ratio†‡ 

(95% CI)

Aboriginality

Non-Aboriginal 59 962 3.6% Reference Reference

Aboriginal 438 4.3% 1.2 (0.75–1.97) 2.5 (1.54–4.06)

Country of birth§

Australia 45 088 2.4% Reference Reference

Oceania 1 415 4.4% 1.8 (1.40–2.40) 1.7 (1.26–2.16)

UK and Eire 2 451 2.9% 1.2 (0.95–1.54) 1.0 (0.76–1.26)

Southern Europe 1 636 5.6% 2.4 (1.91–2.97) 1.8 (1.47–2.31)

N, W and E Europe 911 5.6% 2.4 (1.78–3.17) 2.0 (1.50–2.68)

Middle East 1 679 5.4% 2.3 (1.82–2.82) 2.1 (1.65–2.62)

SE Asia 3 326 9.2% 4.1 (3.56–4.64) 3.3 (2.82–3.76)

NE Asia 1 215 13.7% 6.3 (5.32–7.53) 4.7 (3.92–5.64)

Southern Asia 1 140 12.5% 5.7 (4.77–6.90) 4.7 (3.92–5.76)

North America 294 2.0% 0.8 (0.37–1.87) 0.7 (0.32–1.64)

South America 371 3.8% 1.6 (0.92–2.68) 1.4 (0.80–2.36)

Africa 743 8.2% 3.6 (2.73–4.68) 3.1 (2.37–4.10)

At sea/unknown 131 3.8% 1.6 (0.65–3.89) 1.6 (0.67–4.04)

Maternal age-group

< 20 years 2 111 1.0% 0.4 (0.26–0.62) 0.4 (0.29–0.68)

20–24 years 8 889 1.8% 0.7 (0.61–0.86) 0.7 (0.59–0.84)

25–29 years 20 058 2.5% Reference Reference

30–34 years 19 939 4.1% 1.7 (1.48–1.86) 1.7 (1.49–1.87)

35–39 years 8 148 6.5% 2.7 (2.35–3.01) 2.5 (2.19–2.83)

40–44 years 1 216 9.8% 4.2 (3.39–5.14) 3.8 (3.09–4.74)

>45 years 39 12.8% 5.7 (2.20–14.53) 5.0 (1.90–13.16)

Region

Rural 16 019 2.5% 0.6 (0.54–0.67) 1.2 (1.07–1.43)

Metropolitan 43 782 4.0% Reference Reference

Hospital group

< 100 births 1 778 1.1% 0.2 (0.13–0.32) 0.3 (0.17–0.43)

100–999 births 21 335 2.4% 0.5 (0.41–0.51) 0.6 (0.50–0.66)

1000–1999 births 13 906 3.3% 0.6 (0.57–0.71) 0.8 (0.68–0.86)

> 2000 births 23 381 5.1% Reference Reference

IRSED**

Lowest quintile 11 910 4.7% Reference Reference

Lower quintile 11 895 3.2% 0.7 (0.59–0.77) 1.0 (0.87–1.16)

Average quintile 11 901 3.1% 0.7 (0.57–0.75) 1.0 (0.89–1.19)

Higher quintile 11 912 3.6% 0.8 (0.67–0.87) 1.0 (0.87–1.14)

Highest quintile 11 929 3.4% 0.7 (0.62–0.81) 0.8 (0.70–0.94)

*The sum of the total number of births in each category for each risk factor does not always equal 60 400, as 
a small percentage may be in the “unknown” category.
†Approximates to relative risk for low-incidence conditions, significant at the P = 0.05 level if the 95% CI does 
not include 1.0.
‡Adjusted for aboriginality, country of birth, age, region, delivery hospital, socioeconomic status, marital 
status, previous perinatal death and either gravidity or parity in logistic regression using the forward stepwise 
option in SPSS.12

§Country groupings are based on Australian Bureau of Statistics definitions. The countries that are the major 
contributors to our population are specified. Southern Europe: Greece, Italy and countries of the former 
Yugoslavia. Middle East: Lebanon, Turkey and Cyprus. SE Asia: Vietnam, Philippines, Malaysia, Cambodia, 
Indonesia. NE Asia: China, Hong Kong. Southern Asia: India, Sri Lanka.
**IRSED = Index of Relative SocioEconomic Disadvantage, Australian Bureau of Statistics.
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DISCUSSION
1.Discussion

This article demonstrates the usefulness
of record linkage using computer soft-
ware and capture–recapture methodol-
ogy in estimating the incidence of
conditions at the population level. The
combination of information from the
two data sources has compensated for
the under-reporting of this condition in
the individual datasets, and we are
therefore able to count 99% of diag-
nosed cases of GDM in Victoria.

The estimated incidence of gesta-
tional diabetes for 1996 of 3.6% is very
close to the average of 3.3% estimated
for New South Wales for 1991 to
1994,14 despite the different methods
used to determine the level of under-
reporting

In 1991, and again in 1998, the Aus-
tralian Diabetes in Pregnancy Society
guidelines recommended that all
women should be screened for
GDM.15,16 Until there is universal
screening, the percentage of pregnant
women diagnosed as having GDM will
underestimate the incidence. Previous
reports have suggested that in the early
1990s only 50% or less of pregnant
women were screened for GDM.14

However, the women who are tested are
more likely to be in the higher-risk
groups, so the incidence might be lower
in the untested, undiagnosed group.

Previous estimates of GDM incidence
worldwide vary from 1% to 10%. Previ-
ous Australian reports may have over-
estimated the incidence.5-8 Our popula-
tion-based study showed that the inci-
dence was higher in women attending
the larger hospitals or living in the met-
ropolitan regions — sites where earlier
studies have been conducted.

A limitation of this study is the lack of
information on some risk factors for
GDM, such as previous history of
GDM, previous birth of a large-for-
gestational-age baby, a family history of
type 2 diabetes and the woman’s body
mass index before conception. How-
ever, we have been able to examine in a
logistic regression many other potential
risk factors at a population level.

In Victoria, about 25% of the women
giving birth in any one year were not
born in Australia. Almost all of the non-
Australian-born groups have a higher

frequency of GDM. These groups also
tend to be older when they give birth,17

which may further contribute to the
higher frequency. Generally, the inci-
dence of GDM in different racial
groups reflects their propensity for
developing type 2 diabetes.7

The link between gestational diabetes
and poor maternal and fetal outcomes
has been recognised for a long
time.3,4,14,15,18,19 The increased risk of
hypertension and pre-eclampsia was a
significant finding and is consistent with
previous reports.4,20-23 Women with
GDM have been described as fitting
into the “metabolic syndrome” because
of their tendency to increased body
mass index, higher serum triglyceride
and free fatty acid levels and insulin
resistance,24 and this may partially
explain the link with hypertension and
pre-eclampsia.

Women with diagnosed GDM had a
much higher risk of induced delivery
(37.3% v 22.7%). This has been
reported previously overseas20,23 and
locally,25 and is ascribed to the per-
ceived increased risk of macrosomia,
shoulder dystocia and delivery compli-
cations in these women.

The increased odds ratio for caesar-
ean section is supported by numerous
studies,3,4,20-23,26,27 and occurred after
adjustment for the presence of macro-
somia. It has been noted for some time
that the link between GDM and inter-
ventional outcomes may become a self-
fulfilling prophecy, where the decision
to intervene may be influenced by the
diagnosis of GDM itself rather than
other indications.28 We cannot be sure if
this was happening in Victoria in 1996
without linking birthweight data and
glucose levels with the caesarean out-
come. Some local centres have not
found an increased rate of caesarean
section in GDM pregnancies.29

Operative delivery and episiotomy
were also more likely in GDM pregnan-
cies — even after adjustment for the
higher prevalence of macrosomia in this
group.

For the infant, hyaline membrane dis-
ease and neonatal jaundice were more
common in GDM pregnancies, and this
is consistent with overseas experience.30

Macrosomia, whether defined as
� 4000 g birthweight or birthweight
� 90th centile, is one of the major
infant morbidities associated with
GDM. Some studies have reported nor-
malised rates of macrosomia and other
major neonatal and maternal outcomes
with intensive antenatal treatment.31-33

These are predominantly reports from
large tertiary centres, where common
unit policies and rigorous guidelines
may have helped to achieve the out-
comes. Our data and other large
studies3,4 suggest that, on a population
level, women identified as having GDM
still have an increased rate of macro-
somia.

Recent reports have found increased
perinatal mortality associated with
GDM.4,23,30 We did not find raised peri-
natal mortality, but our study did not
have the power to detect a difference of
the order previously reported.

A strength of this study is the large
numbers involved and the fact that it
examines an unselected population.
Retrospective studies do rely on the
accuracy of the recorded data, however,
and there is a potential for recorder bias:
women who develop complications may
be more likely to be identified as having
GDM. Their infants are also more likely
to be tested for hypoglycaemia and

3: Risk factors for gestational 
diabetes mellitus (GDM) 
significant in univariate but not 
multivariate analysis 

Risk factor
Total  

births*
GDM  
cases 

Crude odds  
ratio†  

(95%  CI)

Parity

None 24 055 3.3% Reference

One 21 316 3.6% 1.1 
(0.99–1.21)

Two 9 961 3.9% 1.2 
(1.04–1.34)

Three or 
more

5 068 4.5% 1.4 
(1.19–1.61)

Previous perinatal death

None 59 351 3.6% Reference

One or more 1 049 5.1% 1.4 
(1.01–1.90)

*The sum of the births in each category for each 
risk factor does not always equal 60 400, as a 
small percentage may be in the “unknown” 
category.
†Approximates to relative risk for low-incidence 
conditions, significant at the P = 0.05 level if the 
95% CI does not include 1.0.
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jaundice. In addition, in this analysis,
the diagnoses of hypertension, pre-
eclampsia, neonatal jaundice and hya-
line membrane disease are as recorded
in the datasets and are not subject to a
single standard definition or validation
of entry. Finally, while many centres in
Victoria used criteria similar to the Aus-
tralian Diabetes in Pregnancy Society
criteria for diagnosing GDM, they were
not adopted by all,34 so our population
of women have not all necessarily been
subject to the same diagnostic criteria.

There are several different criteria
worldwide and the diagnosis of GDM
has been subject to much controversy,2

as there is no clear level of glucose above
which the maternal and fetal outcomes
become distinctly worse. Instead, there
seems to be a continuously increasing
risk as maternal glucose levels rise.35

The important question that remains
to be resolved in the management of
GDM is: at what level of hyperglycae-
mia do the adverse perinatal and mater-
nal outcomes justify treatment and
interventions? This cannot be answered
on the basis of retrospective observa-
tional data, but the ongoing HAPO
(Hyperglycaemia and Adverse Preg-
nancy Outcomes) study, taking place in
Australia and around the world, will go
some way to address this question.

In our study, women identified as
having gestational diabetes had
increased rates of hypertension, pre-
eclampsia, induced labour, and inter-
ventional delivery. Their offspring had a
higher risk of macrosomia, neonatal
jaundice and hyaline membrane disease.
Thus, it does seem important to identify
all women with GDM and to continue
to monitor their outcomes.
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4: Adverse outcomes in pregnancies affected by gestational diabetes

Outcome
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non-diabetic 

women
(n = 58 231)

Incidence  in 
women  with 

GDM 
(n = 2169)

Crude relative 
risk  (95% CI)

Adjusted  odds 
ratio  (95% CI)†

Hypertension 7.6% 11.6%* 1.5 (1.36–1.72) 1.6 (1.4–1.9)

Pre-eclampsia 5.2% 8.1%* 1.6 (1.34–1.79) 1.6 (1.4–1.9)

Placenta praevia 0.8% 1.0% 1.3 (0.86–2.01) NS

Placental abruption 0.7% 0.5% 0.8 (0.41–1.37) NS

Premature rupture of 
membranes 

4.8% 5.0% 1.1 (0.88–1.27) NS

Induced labour 22.7% 37.3%* 1.8 (1.74–1.93) 3.0 (2.7–3.4)

No labour 10.6% 20.1% 2.3 (2.14–2.52) 2.5 (2.2–2.9)

Episiotomy (vaginal births, 
n = 48 802)

22.5% 29.9%* 1.3 (1.23–1.44) 1.2 (1.1–1.4)

Elective caesarean 10.6% 20.1%* 1.9 (1.70–2.10) 1.9 (1.7–2.2)

Emergency caesarean 8.1% 11.8% 1.5 (1.30–1.60) 1.5 (1.3–1.7)

Caesarean total 18.7% 31.9%* 1.7 (1.60–1.82) 1.7 (1.6–1.9)

Operative delivery (forceps 
and caesarean)

28.7% 41.0%* 1.4 (1.36–1.51) 1.5 (1.4–1.7)

Hyaline membrane disease/
respiratory distress syndrome 

1.5% 2.5%* 1.7 (1.31–2.25) 1.6 (1.2–2.2)

Neonatal jaundice 7.4% 12.8%* 1.7 (1.53–1.93) 1.4 (1.2–1.7)

Macrosomia 9.7% 16.7%* 1.7 (1.56–1.89) 2.0 (1.8–2.3)

Shoulder dystocia 1.0% 1.2% 1.3 (0.88–1.89) NS

Stillbirth 0.6% 0.3% 0.5 (0.24–1.07) NS

Neonatal death 0.4% 0.2% 0.6 (0.25–1.47) NS

Congenital malformation 2.9% 3.1% 1.1 (0.84–1.35) NS

* �2 test; P < 0.005.
† All adjusted odds ratios are significant to P < 0.001 level, except episiotomy (P = 0.004) and hyaline 
membrane disease (P = 0.002). All odds ratios were adjusted for maternal country of birth, aboriginality, 
marital status, age, gestation, parity, socioeconomic status based on postcode, previous perinatal death, 
and congenital malformation in current pregnancy. When they were not the outcome of interest, adjustments 
were made for macrosomia, hypertension or pre-eclampsia (hypertension or pre-eclampsia in separate 
models – note hypertension includes pre-eclampsia). In all analyses except the delivery and labour outcome 
we also adjusted for the sex of the child and the birth condition.
NS = not significant. GDM = gestational diabetes mellitus.
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