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Objectives:  To document temporal trends in maternal overweight and obesity 
in Australian women and to examine associations with pregnancy outcomes.

Design, setting and participants:  Retrospective 12-year cohort study of 75 432 
women with singleton pregnancies who had pre-pregnancy height and weight 
data available and who gave birth in a tertiary referral maternity hospital in 
Brisbane between January 1998 and December 2009.

Main outcome measures:  Maternal body mass index (BMI); prevalence of 
overweight and obesity, and pregnancy complications including hypertension, 
gestational diabetes, caesarean delivery, and perinatal morbidity and mortality.

Results:  From 1998 to 2009, class III and class II obesity increased significantly 
(from 1.2% to 2.0%, and 2.5% to 3.2%, respectively), while the proportions of 
underweight women and those with class I obesity fell slightly (from 7.9% to 
7.4%, and 7.7% to 7.5%, respectively). Increasing maternal BMI was associated 
with many adverse pregnancy outcomes, including hypertension in pregnancy, 
gestational diabetes, caesarean delivery, perinatal mortality (stillbirth and 
neonatal death), babies who were large for gestational age, and neonatal 
morbidities including hypoglycaemia, jaundice, respiratory distress and the need 
for neonatal intensive care (P < 0.001 for all). Most associations remained 
significant after adjusting for maternal age, parity, insurance status, smoking 
status, ethnicity and year of the birth. The frequency of congenital anomalies 
was not associated with maternal BMI (P = 0.71).

Conclusions:  Maternal overweight and obesity are endemic challenges for 
Australian obstetric care and are associated with serious maternal and neonatal 
complications, including perinatal mortality.

Abstract
he
na
naT
  association between mater-

l obesity and adverse preg-
ncy outcomes is  well

described,1-5 although underlying
causes are less well characterised.6,7

Despite the widespread use of catch-
phrases such as “obesity epidemic”,
temporal trends in body mass index
(BMI) during pregnancy in Australia
remain poorly described. We previ-
ously published the largest Australian
cohort study of BMI and pregnancy
outcomes, in 11 252 women who gave
birth to singletons between 1998 and
2002 at the Mater Mothers’ Hospital
(MMH), a tertiary referral maternity
hospital in Brisbane.8 Another small
Australian cohort report recently noted
a 43% prevalence of overweight and
obesity in pregnant women.9 Here, we
aimed to define recent temporal trends
in BMI distribution and to examine the
contribution of BMI to a broad, clini-
cally relevant spectrum of pregnancy
outcomes, including some less fre-
quent events, such as perinatal mortal-
ity, that were not sufficiently addressed
in our previous report.

Methods

For this retrospective cohort study, we
included all women who had a single-
ton pregnancy and gave birth at
MMH between January 1998 and
December 2009, and who had avail-
able BMI data. While our previous
report included only patients booked
in the public sector, private patients
were also included in this cohort.

thics
rvices
ttee.

were
usly.8

Antenatal BMI was derived from self-
reported pre-pregnancy maternal

height and weight recorded at the first
antenatal visit (generally at 12–16
weeks’ gestation). De-identified data
on maternal characteristics and
maternal and neonatal pregnancy
outcomes were extracted from rou-
tinely collected clinical data in MMH
databases.

Maternal BMI was categorised
according to World Health Organiza-
tion recommendations10,11 into six
groups: underweight (< 18.5 kg/m2);
normal (18.5–< 25 kg/m2); overweight
(25–< 30 kg/m2); obese class I (30–
< 35 kg/m2); obese class II (35–
< 40 kg/m2) and obese class III
(� 40 kg/m2). Ethnic-specific BMI cut-
offs were not used,11 but ethnicity was
considered in the adjusted analyses.

Hypertension in pregnancy was
classified according to the Austral-
asian Society for the Study of Hyper-
te ns io n in  P reg n an cy, 1 2  an d
gestational diabetes was defined
according to the Australasian Diabe-
tes in Pregnancy Society.13 Birth-

weight was classified as small for
gestational age (< 10th centile), aver-
age for gestational age (10th–90th
centile), or large for gestational age
(> 90th centile). Births were classified
according to both population-based
standards (corrected for plurality, sex
and gestational age at birth)14 and
customised birthweight standards
(adjusted additionally for maternal
characteristics such as size [this varies
between models, but general ly
includes height and/or weight and/or
BMI], ethnicity and parity).15 Macro-
somia (birthweight > 4000 g) is
reported separately. Other outcomes
were defined as noted in the hospital
record and recorded in the databases.

Statistical analysis

Continuous variables are reported
as mean and standard deviation or
median and interquartile range,
and categorical variables as number
(%). Changes in BMI distribution
over time, and the association of
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 obese body mass 

< 30 kg/m2) were 
◆

2006
2007

2008
2009

– � 35 kg/m2

0 kg/m2

 (n = 1153) P†

 (5.4) < 0.001

< 0.001

 (36.6%)

 (29.5%)

 (16.8%)

 (8.2%)

 (8.9%)

< 0.001

 (87.2%)

 (3.0%)

1 (0.1%)

 (0.4%)

 (0.2%)

 (8.9%)

 (0.4%)

0

< 0.001

 (21.3%)

 (3.3%)

 (14.2%)

1 (32.2%)

 (29.1%)

 (23.3%) < 0.001

< 0.001

 (76.2%)

 (23.8%)

 (39.0%) < 0.001

 (5.7%) < 0.001

458). ◆
demographic characteristics and
outcomes with BMI categories,
were analysed using Cuzick’s test
for trend.16

Adjusted odds ratios (AORs) for the
association of maternal BMI with out-
come variables of interest are reported
for the six BMI categories, as well as a
four-category analysis that combines
all obese categories (� 30 kg/m2). The
multivariate logistic regression model
adjusted for maternal age, parity,
insurance status, smoking status at
booking, ethnicity and year of the
birth. Assumptions of the logistic
regression model were tested and met.

Statistical analyses were performed
using Stata SE version 10.1 (StataCorp,
College Station, Tex, USA). Statistical
significance was set at the 0.05 level.

Results

From January 1998 to December 2009,
87 292 singleton births occurred at
MMH. Of these, 9153 were excluded
due to missing maternal BMI data, and

a further 2707 due to other missing
data, primarily parity, leaving 75 432
births (86%) included in the analysis.
Missing BMI data were more common
in the first 2 years (< 10% of women
were missing these data from 2000 on).
As noted previously,8 women missing
BMI data were more likely to have
been transferred from other hospitals
and have higher rates of maternal
complications such as hypertension in
pregnancy and gestational diabetes
than those included in the study. They
were more likely to deliver preterm,
and their babies were twice as likely to
require neonatal intensive care.

Although the distribution of mater-
nal BMI changed significantly over
the 12 years (P < 0.001), changes were
generally small (Box 1). The propor-
tions of women in the normal and
overweight categories remained sta-
ble at around 60% and 20%, respec-
tively. Class I obesity fell from 7.7% in
1998 to 7.5% in 2009, but class II
obesity increased from 2.5% to 3.2%,
and class III obesity from 1.2% to

2.0%. The proportion of underweight
women declined from 7.9% to 7.4%.
The number of women with class II or
III obesity increased threefold from
147 in 1998 to 440 in 2009.

1 Distribution of women in underweight and
index (BMI) categories,* 1998–2009

* The normal and overweight categories (BMI, 18.5–
stable over time and are not shown. 
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2 Demographic characteristics of women in the study sample, by body mass index (BMI) category*

BMI category (kg/m2)

Variable < 18.5 (n = 5376) 18.5–< 25 (n = 45 918) 25–< 30 (n = 15 142) 30–< 35 (n = 5702) 35–< 40 (n = 2141) � 40

Mean age, years (SD) 28.4 (5.7) 30.5 (5.3) 30.6 (5.4) 30.4 (5.5) 30.5 (5.4) 30.7

Parity

0 2 894 (53.8%) 22 175 (48.3%) 6 426 (42.4%) 2 242 (39.3%) 815 (38.1%) 422

1 1 630 (30.3%) 15 328 (33.4%) 5 223 (34.5%) 1 909 (33.5%) 700 (32.7%) 340

2 581 (10.8%) 5 877 (12.8%) 2 205 (14.6%) 898 (15.8%) 322 (15.0%) 194

3 172 (3.2%) 1 701 (3.7%) 760 (5.0%) 362 (6.4%) 150 (7.0%) 94

� 4 99 (1.8%) 837 (1.8%) 528 (3.5%) 291 (5.1%) 154 (7.2%) 103

Ethnicity

White 4 023 (74.8%) 39 608 (86.3%) 13 298 (87.8%) 5 025 (88.1%) 1 865 (87.1%) 1 005

Indigenous 107 (2.0%) 521 (1.1%) 280 (1.9%) 146 (2.6%) 64 (3.0%) 34

East Asian 363 (6.8%) 1 268 (2.8%) 149 (1.0%) 17 (0.3%) 3 (0.1%)

South Asian 98 (1.8%) 665 (1.5%) 234 (1.6%) 45 (0.8%) 13 (0.6%) 4

South-East Asian 611 (11.4%) 2 430 (5.3%) 350 (2.3%) 46 (0.8%) 12 (0.6%) 2

Oceanic 73 (1.4%) 704 (1.5%) 494 (3.3%) 315 (5.5%) 162 (7.6%) 102

African 73 (1.4%) 467 (1.0%) 236 (1.6%) 80 (1.4%) 18 (0.8%) 5

Other 28 (0.5%) 255 (0.6%) 101 (0.7%) 28 (0.5%) 4 (0.2%)

SEIFA quintile  

1 (lowest) 628 (11.7%) 3 495 (7.6%) 1 388 (9.2%) 715 (12.5%) 329 (15.4%) 245

2 107 (2.0%) 807 (1.8%) 313 (2.1%) 145 (2.5%) 71 (3.3%) 38

3 434 (8.1%) 3 559 (7.8%) 1 530 (10.1%) 757 (13.3%) 331 (15.5%) 164

4 1 416 (26.3%) 12 445 (27.1%) 4 526 (29.9%) 1 790 (31.4%) 612 (28.6%) 37

5 (highest) 2 791 (51.9%) 25 612 (55.8%) 7 385 (48.8%) 2 295 (40.3%) 798 (37.3%) 335

Smoker at booking 1 061 (19.7%) 6 146 (13.4%) 2 518 (16.6%) 1 155 (20.3%) 464 (21.7%) 269

Insurance status

Public 3 303 (61.4%) 21 608 (47.1%) 8 165 (53.9%) 3 532 (61.9%) 1 475 (68.9%) 879

Private 2 073 (38.6%) 24 310 (52.9%) 6 977 (46.1%) 2 170 (38.1%) 666 (31.1%) 274

Previous caesarean‡ 537 (21.6%) 6 040 (25.4%) 2 611 (30.0%) 1 145 (33.1%) 444 (33.5%) 285

Pre-existing hypertension 15 (0.3%) 258 (0.6%) 199 (1.3%) 144 (2.5%) 89 (4.2%) 66

SEIFA = Socio-Economic Indexes for Areas. * Figures are number (%) of women unless otherwise indicated. † P for trend. ‡ Excluding nulliparous women (n = 40
185MJA 196 (3) · 20 February 2012
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3 Association betw

Variable

Mean maternal postn
length of stay, days (S

Hypertension in pregn

Gestational diabetes

Type 1/2 diabetes

Mode of birth

Spontaneous

Assisted

Caesarean section

Perinatal death

Stillbirth

Neonatal death‡

Neonatal hypoglycae

Neonatal jaundice‡

Phototherapy‡

Neonatal respiratory 
distress syndrome‡

Mechanical ventilatio

Preterm < 34 weeks

Preterm < 37 weeks

Admission to nursery

Median nursery length
of stay, days (IQR)§

Macrosomia

SGA (customised)

SGA (population)

LGA (customised)

LGA (population)

IQR = interquartile range
otherwise indicated. † P
Demographic characteristics of the
women are shown in Box 2. Under-
weight women were slightly younger
than the other groups, with greater
proportions of primiparas and women
of Asian ethnicity. Smoking was least
common in those of normal BMI
(13%) and was substantially higher in
both underweight (20%) and obese
class III women (23%). The propor-
tion of privately insured women was
highest in the normal BMI (53%) and
overweight (46%) groups. This was
broadly similar to the distribution of
BMI groups among Socio-Economic
Indexes for Areas (SEIFA) quintiles,17

although a large proportion of under-
weight women were in higher SEIFA
quintiles. The frequency of previous
caesarean section increased with BMI
in parous women.

Bivariate analysis showed that the
frequency of hypertension in preg-
nancy, gestational diabetes, caesar-
ean section, perinatal mortality,
stillbirth and neonatal mortality
increased with increasing BMI (Box

3). Preterm birth and neonatal mor-
bidities including hypoglycaemia,
jaundice, respiratory distress syn-
drome and neonatal intensive care
unit admission were increased in
babies born to overweight and obese
women relative to the normal BMI
group. The frequency of congenital
anomalies was not related to mater-
nal BMI in this cohort (P = 0.71; data
not shown). The risk of babies being
large for gestational age increased
with increasing BMI, although this
association was attenuated when
customised measures were used.
Using customised birthweight mod-
elling, obese women also showed an
increased risk of having small babies
for gestational age.

These associations were largely
confirmed in the multivariate analysis
(Box 4). Hypertension in pregnancy,
gestational diabetes, caesarean sec-
tion and perinatal mortality remained
strongly associated with maternal
BMI. Preterm birth, stillbirth and neo-
natal death were clearly associated

with maternal obesity when all obese
women were grouped together.

Discussion

Contrary to reports in the popular
press, we have not seen an epidemic
of obesity in this population of
women attending a tertiary maternity
hospital. Rather, maternal obesity
now appears endemic in Australian
obstetric care. Worryingly, the three-
fold increase in the number of women
with class II or III obesity means that
eight to nine of these women now
give birth at our hospital each week,
representing a substantial workload in
a busy obstetric hospital.

For comparison with our cohort, the
2004–05 National Health Survey
reported that 5% of all Australian
women aged 25–44 years were under-
weight, 56% had a normal BMI, 24%
were overweight, and 14% were
obese.18 In contrast with the continu-
ing increase in male obesity, there was
a greater increase in obesity prevalence

een maternal and neonatal outcomes and maternal body mass index (BMI)*

BMI category (kg/m2)

< 18.5 (n = 5376) 18.5–< 25 (n = 45 918) 25–< 30 (n = 15 142) 30–< 35 (n = 5702) 35–< 40 (n = 2141) � 40 (n = 1153) P†

atal 
D)

3.1 (2) 3.4 (1.9) 3.4 (2) 3.3 (2.3) 3.3 (3) 3.2 (2) < 0.001

ancy 58 (1.1%) 801 (1.7%) 504 (3.3%) 293 (5.1%) 149 (7.0%) 111 (9.6%) < 0.001

55 (1.0%) 545 (1.2%) 321 (2.1%) 192 (3.4%) 118 (5.5%) 80 (6.9%) < 0.001

12 (0.2%) 205 (0.5%) 147 (0.3%) 94 (1.7%) 60 (2.8%) 47 (4.1%) < 0.001

< 0.001

3281 (61.0%) 24989 (54.4%) 7634 (50.4%) 2688 (47.1%) 1005 (46.9%) 503 (43.6%)

715 (13.3%) 5901 (12.9%) 1510 (10.0%) 479 (8.4%) 127 (5.9%) 56 (4.9%)

1380 (25.7%) 15028 (32.7%) 5998 (39.6%) 2535 (44.5%) 1009 (47.1%) 594 (51.5%)

27 (0.5%) 305 (0.7%) 149 (1.0%) 65 (1.1%) 32 (1.5%) 21 (1.8%) < 0.001

11 (0.2%) 181 (0.4%) 80 (0.5%) 39 (0.7%) 18 (0.8%) 8 (0.7%) < 0.001

16 (0.3%) 124 (0.3%) 69 (0.5%) 26 (0.5%) 14 (0.7%) 13 (1.1%) < 0.001

mia‡ 60 (1.1%) 415 (0.9%) 197 (1.3%) 102 (1.8%) 64 (3.0%) 29 (2.5%) < 0.001

345 (6.4%) 2163 (4.7%) 813 (5.4%) 361 (6.4%) 160 (7.5%) 106 (9.3%) < 0.001

272 (5.1%) 1606 (3.5%) 613 (4.1%) 284 (5.0%) 127 (6.0%) 80 (7.0%) < 0.001

227 (4.2%) 1967 (4.3%) 805 (5.3%) 324 (5.7%) 136 (6.4%) 84 (7.3%) < 0.001

n‡ 317 (5.9%) 2165 (4.7%) 873 (5.8%) 369 (6.5%) 182 (8.6%) 119 (10.4%) < 0.001

180 (3.4%) 1050 (2.3%) 415 (2.7%) 165 (2.9%) 82 (3.8%) 54 (4.7%) < 0.001

456 (8.5%) 3083 (6.7%) 1142 (7.5%) 483 (8.5%) 204 (9.5%) 130 (11.3%) < 0.001
‡ 575 (10.7%) 3962 (8.7%) 1501 (10.0%) 632 (11.2%) 317 (14.9%) 205 (17.9%) < 0.001

 8 (15) 8 (12) 7 (10) 7 (10) 7 (8) 6 (8) < 0.001

289 (5.4%) 4870 (10.6%) 2401 (15.9%) 1067 (18.7%) 430 (20.1%) 240 (20.8%) < 0.001

667 (12.4%) 5005 (10.9%) 1846 (12.2%) 761 (13.4%) 335 (15.7%) 215 (18.7%) < 0.001

763 (14.2%) 3680 (8.0%) 933 (6.2%) 315 (5.5%) 173 (8.1%) 79 (6.9%) < 0.001

565 (10.5%) 5047 (11.0%) 1873 (12.4%) 760 (13.3%) 300 (14.0%) 183 (15.9%) < 0.001

259 (4.8%) 4628 (10.1%) 2441 (16.1%) 1150 (20.2%) 467 (21.8%) 278 (24.1%) < 0.001

. SGA = small for gestational age (< 10th centile). LGA = large for gestational age (> 90th centile). * Figures are number (%) of women or babies unless 
 for trend. ‡ Excluding stillbirths (n = 75 095). § Excluding babies not admitted to the nursery (n = 7192). ◆
3) · 20 February 2012
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bined obese (� 30)

1.60 (1.46–1.75)

3.85 (3.43–4.32)

3.99 (3.47–4.59)

2.15 (2.05–2.26)

1.72 (1.38–2.15)

1.91 (1.37–2.65)

2.04 (1.71–2.43)

1.37 (1.24–1.50)

1.42 (1.27–1.58)

1.34 (1.21–1.48)

1.39 (1.27–1.52)

1.22 (1.07–1.39)

1.29 (1.18–1.40)

1.34 (1.24–1.44)

1.35 (1.25–1.45)

1.85 (1.74–1.97)

1.22 (1.14–1.31)

0.69 (0.62–0.76)

1.35 (1.26–1.44)

2.28 (2.14–2.42)

sted odds ratios 
births (n = 75 095).  ◆
in women between 1989 and 2001
than between 2001 and 2004–05.18

Our study clearly confirms the bur-
den of adverse pregnancy outcomes
associated with maternal obesity.
Serious maternal and neonatal com-
plications, including perinatal mortal-
ity, are clearly associated with
increasing maternal BMI. It is not
clear why our analyses did not show
an increase in congenital anomalies
with increasing maternal BMI, as did
our previous report,8 but this may
relate in part to incomplete ascertain-
ment of anomalies in routine data
collection. A recent meta-analysis has
confirmed the relationship between
obesity and congenital anomalies.4

The association of obesity with pre-
term birth is controversial, with some
reports suggesting a protective
influence1 or varying effects in parous
versus nulliparous women.2 However,
two recent meta-analyses have con-
cluded that obesity is associated with
preterm birth.19,20

The potential causal pathways link-
ing obesity and pregnancy complica-
tions remain ill defined. Recent results
from the Hyperglycaemia and Adverse
Pregnancy Outcome Study showed
that the effects of maternal BMI are

independent of maternal hyperglycae-
mia,21 although the two frequently
coexist. Increased concentrations of
non-glucose substrates may contrib-
ute to fetal overgrowth, and the low-
level chronic “meta-inflammation”
characteristic of obesity may also fos-
ter pregnancy complications.6,7,22,23

The frequently described association
of maternal obesity with lower socio-
economic status and adverse health
behaviour,18 such as smoking, was
confirmed in our cohort. Although the
mechanisms linking social disadvan-
tage to adverse pregnancy outcomes
are multifactorial,5 obesity is likely to
be a major contributor.

The lack of proven interventions that
can be instituted during pregnancy to
improve outcomes in obese women
remains frustrating.24 Improvements
may arise through limitation of weight
gain.25 Ideally, interventions should
begin before pregnancy as part of pre-
conception care.5-7,26 Data from preg-
nancies before and after bariatric
surgery27 suggest that substantial
weight reduction may reduce later
infant adiposity and immediate preg-
nancy complications.

The major strength of our study lies
in a large, consistently collected data-

set over a period of 12 years. In addi-
tion to documenting maternal BMI,
we collected a broad range of other
potentially confounding variables and
adjusted appropriately for these in our
analysis. Although our study is not
population-based, the MMH provides
care for women in both public and
private sectors across a broad risk pro-
file and generally caters for around
one in seven births in Queensland.28

However, our data have some
important limitations. Although the
BMI distribution of our cohort is simi-
lar to that in a contemporary Austral-
ian population study,18 we are unable
to suggest that our cohort is repre-
sentative of the Australian obstetric
population as a whole. Referral pat-
terns for women in some BMI classes
may also have changed over time (eg,
i f  re ferr ing hos pi ta ls  became
equipped to accommodate class I
obese women). Our data were col-
lected in the course of routine care,
without rigorous data verification as
in prospective studies. We verified the
data by removing implausible values
but were unable to cross-check
entries against patient records. Ascer-
tainment of some pregnancy compli-
cations, such as gestational diabetes,

4 Multivariate analysis of association between maternal and neonatal outcomes and maternal body mass index (BMI)

BMI category (kg/m2)*

Variable < 18.5 25–< 30 30–< 35 35–< 40 � 40 Com

Maternal total length of stay > 5 days 0.97 (0.86–1.10) 1.16 (1.08–1.24) 1.51 (1.36–1.69) 1.62 (1.36–1.94) 2.22 (1.75–2.82)

Hypertension in pregnancy 0.60 (0.46–0.79) 1.99 (1.78–2.23) 3.18 (2.77–3.66) 4.45 (3.70–5.35) 6.46 (5.21–8.01)

Gestational diabetes 0.83 (0.63–1.11) 1.85 (1.61–2.13) 3.13 (2.64–3.72) 5.14 (4.16–6.35) 6.45 (5.01–8.28)

Caesarean section 0.84 (0.79–0.90) 1.45 (0.40–1.51) 1.96 (1.85–2.08) 2.32 (2.12–2.55) 2.95 (2.61–3.33)

Perinatal death 0.69 (0.46–1.03) 1.40 (1.15–1.71) 1.54 (1.17–2.02) 1.92 (1.32–2.79) 2.25 (1.43–3.54)

Neonatal death† 1.03 (0.61–1.75) 1.59 (1.18–2.14) 1.51 (0.99–2.32) 2.10 (1.20–3.68) 3.52 (1.96–6.31)

Neonatal hypoglycaemia† 1.15 (0.87–1.51) 1.35 (1.13–1.60) 1.74 (1.39–2.17) 2.75 (2.09–3.61) 2.14 (1.45–3.15)

Neonatal jaundice† 1.31 (1.16–1.47) 1.11 (1.02–1.20) 1.26 (1.12–1.42) 1.44 (1.22–1.71) 1.72 (1.40–2.12)

Phototherapy† 1.37 (1.20–1.57) 1.12 (1.02–1.23) 1.32 (1.16–1.51) 1.51 (1.25–1.83) 1.69 (1.33–2.13)

Neonatal respiratory 
distress syndrome†

1.01 (0.88–1.17) 1.22 (1.12–1.32) 1.27 (1.12–1.44) 1.40 (1.17–1.68) 1.56 (1.24–1.97)

Mechanical ventilation† 1.18 (1.05–1.34) 1.16 (1.07–1.26) 1.23 (1.10–1.38) 1.56 (1.33–1.84) 1.82 (1.49–2.22)

Preterm < 34 weeks 1.38 (1.17–1.63) 1.12 (0.99–1.25) 1.09 (0.92–1.29) 1.36 (1.08–1.72) 1.58 (1.19–2.10)

Preterm < 37 weeks 1.23 (1.11–1.37) 1.10 (1.03–1.18) 1.21 (1.09–1.34) 1.34 (1.15–1.56) 1.57 (1.30–1.89)

Admission to nursery† 1.17 (1.07–1.29) 1.10 (1.03–1.17) 1.17 (1.06–1.28) 1.54 (1.36–1.75) 1.81 (1.55–2.12)

Nursery stay > 2 days† 1.17 (1.07–1.29) 1.09 (1.02–1.17) 1.18 (1.07–1.29) 1.55 (1.36–1.76) 1.81 (1.54–2.13)

Macrosomia 0.52 (0.46–0.59) 1.53 (1.45–1.61) 1.81 (1.68–1.95) 1.93 (1.72–2.16) 1.96 (1.69–2.28)

SGA (customised) 1.08 (0.99–1.18) 1.07 (1.01–1.14) 1.12 (1.03–1.22) 1.31 (1.16–1.48) 1.57 (1.34–1.83)

SGA (population) 1.63 (1.49–1.77) 0.74 (0.69–0.80) 0.65 (0.57–0.73) 0.74 (0.62–0.89) 0.78 (0.62–0.99)

LGA (customised) 1.00 (0.91–1.10) 1.16 (1.10–1.23) 1.29 (1.19–1.40) 1.38 (1.21–1.56) 1.60 (1.36–1.89)

LGA (population) 0.51 (0.45–0.58) 1.68 (1.59–1.77) 2.17 (2.02–2.34) 2.38 (2.13–2.65) 2.67 (2.32–3.08)

SGA= small for gestational age (<10th centile). LGA= large for gestational age (> 90th centile). *Reference group is normal BMI (18.5–<25 kg/m2). Figures are adju
(AORs) and 95% confidence intervals. AORs have been adjusted for maternal age, parity, insurance status, smoking, ethnicity and year of the birth. † Excluding still
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may be incomplete due to variable
screening policies and practices in
force over the 12 years. Although our
BMI data are based on recalled pre-
pregnancy weight and height, we
have previously shown that such
measures correlate well with objective
data.8 Large-scale epidemiological
data from the National Health and
Nutrition Examination Survey in the
United States29 demonstrate overall
concordance of self-reported and
measured BMI of 80%–90% for BMIs
of 18.5–40 kg/m2, although misclassi-
fication is more common at the
extremes of BMI. Our hospital data-
base does not record maternal weight
after the first visit, preventing analysis
of pregnancy weight gain30 as a con-
tributor to outcomes.

Although increasing maternal BMI
is clearly associated with a broad
spectrum of adverse maternal and
neonatal pregnancy outcomes, the
one “bright spot” in our data is the
lack of marked temporal trend
towards increasing maternal obesity
in Australia. As noted in a recent US
population study31 and Australian
data,18 the rate of increase in obesity
appears to have slowed in recent years
in at least some groups. Despite this,
obesity remains prevalent in women
and is a potentially modifiable cause
of serious adverse pregnancy out-
comes.5 Our study demonstrates the
clinical utility of recording maternal
height and weight, and this is now
routine in Queensland. Maternal BMI
serves as a marker of pregnancy risk
that can aid in the care of individual
women and help plan appropriate
allocation of maternity health care
resources.
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