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Abstract

Objectives To identify the maternal and social characteristics associated with age standardised birthweight in a modern devel-
oped setting.

Methods Birth records (n =414,478) were obtained for live, singleton births in the period 2007-2015 in Queensland, Australia.
Age-standardised birth weights were calculated and a multinomial logistic regression was performed to obtain odds ratios and
95% confidence intervals for a range of maternal and social characteristics.

Results Mothers who smoke (OR 2.82, 95% CI 2.72-2.93), and mothers from Southern and Central Asia (OR 3.30, 95% CI
3.08-3.53) had the highest odds of delivering small for gestational age babies. Smoking alone accounted for 21% of low
birthweight. Pre-existing diabetes (OR 5.98, 95% CI 5.12-6.99) had the highest odds ratio for large for gestational age births;
however, maternal overweight and obesity accounted for 24% of all cases due to its greater prevalence in the population.
Conclusion for practice Smoking continues to be an important modifiable predictor of low birthweight. The predictors associated
with large for gestational age are modifiable, with maternal overweight and obesity the largest contributor to high birthweight.
Significance Maternal characteristics are changing alongside broader population change, with mothers often older and heavier
than in previous decades. This study provides an update to the role of maternal and social characteristics in optimal birthweight
within a large developed population. The present study finds a range of traditional and emerging risk factors remain important.
Population attributable risk fractions show that maternal overweight and smoking are the most important modifiable risk factors
for birthweight extremes (foetal macrosomia and small for gestational age, respectively). Public health efforts to address these
risk factors could reduce up to 20% of birth weight extremes.
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Introduction
Impacts of birth weight extremes

Birth weight remains a practical and useful indicator of neonatal
health (Malin et al. 2014). Low birth weight has long been asso-
ciated with increased risk of mortality and morbidity for the
neonate; however, with the advent of life course studies there is
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an increasing interest in the longer term effects of sub-optimal
birthweights. Recent studies have associated low birth weight
with premature mortality (Risnes et al. 2011), cardiovascular
disease (Johnson and Schoeni 2011), cancer (Caughey and
Michels 2009; Risnes et al. 2011), poorer mental health
(Westrupp et al. 2011), diabetes (Johnson and Schoeni 2011),
wheezing (Mebrahtu et al. 2015), increased susceptibility to in-
fection (Villamor et al. 2010), and lower cognitive performance
(Nakamuro et al. 2013). Further, there is an increasing focus on
the opposite end of the spectrum, with evidence suggesting short-
and long-term health effects for foetal macrosomia. Longer hos-
pital stays (Australian Institute of Health and Welfare 2015),
increased risk of birth trauma, hypoglycaemia, polycythaemia,
increased risk of dental caries (Yamagata et al. 2015), leukaemia
(Belbasis et al. 2016; Caughey and Michels 2009), and obesity
(Belbasis et al. 2016; Zhao et al. 2012) have all been associated
with high birthweights.
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Maternal and social characteristics that can influence
birthweight

A range of maternal characteristics are associated with sub-
optimal birth weights. Low birth weight has been linked with
underweight mothers (Yadav and Lee 2013), younger or older
maternal age (Chiavarini et al. 2012; Yadav and Lee 2013),
ethnicity or immigrant status (Chiavarini et al. 2012; Poon
et al. 2012; Yadav and Lee 2013), low socio-economic status
(Yadav and Lee 2013), reduced educational attainment
(Chiavarini et al. 2012), being unmarried (Chiavarini et al.
2012), primiparity (Chiavarini et al. 2012), low or high blood
pressure (Yadav and Lee 2013), and pregnancy complications
(Chiavarini et al. 2012). High birthweights have been associ-
ated with increased maternal weight or BMI (McGrath et al.
2018; Shin and Song 2015), higher parity (Poon et al. 2012),
and type 1 diabetes (McGrath et al. 2018).

‘While much is known about birthweight, changing patterns
of maternal demographics in developed countries, such as
increasing maternal age, increasing BMI, and reduction in
smoking rates requires regular review of the characteristics
associated with sub-optimal birthweight in neonates. The
present study aims to identify the maternal and social charac-
teristics that are most important in a developed nation with a
modern and accessible health care system in influencing oft-
spring birth weight.

Methodology

The current study uses a cohort of babies born in Queensland,
Australia and retrospectively examines the birth records.
Australia is a developed nation, and provides an accessible
health care system that pregnant women can access. The
Perinatal Data Collection (PDC) is a collection of birth re-
cords, compiled by the Statistical Services Branch of
Queensland Health. Virtually all babies in Queensland that
are live born, and any stillborn babies that reached 20 weeks
of gestation and/or 400 g of weight, are captured in the PDC,
along with a range of maternal characteristics. Queensland is a
large state on the eastern side of Australia, with a population
of around 5 million. It is a diverse state, with a climate ranging
from tropical, to warm temperate, and hot arid. More than
50% of the population live outside the capital city, and a sig-
nificant amount of the state qualifies as rural or remote
(Queensland Government 2018). The PDC contains detailed
birth records for all births in Queensland attended by a mid-
wife or doctor. All records from the period of 1st Jan 2007 to
30th June 2015 were obtained. Variables on infant character-
istics [birth date, weeks of completed gestation, birthweight,
birth length, head circumference, plurality, sex, birth status
(alive/stillborn), presence of congenital anomalies (Y/N flag)
and type of anomaly (ICD code)], maternal demographics
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[region of birth, Indigenous status, age (5 year bands), previ-
ous pregnancies (Y/N flag), maternal pre-pregnancy BMI,
pre-existing diabetes (Y/N flag)], the presence of pregnancy
complications (maternal hypertension, gestational diabetes),
smoking status (Y/N flag) and locality (maternal residential
locality, postcode, SLA2) were available. Variable section was
based on available data and previous research in the field, as
well as the expertise of the research team. The dataset
contained 529,860 individual birth records, and the number
of eligible records available determined the sample size. Data
on socioeconomic status were obtained from the Australian
Bureau of Statistics. The Index of Relative Socioeconomic
Disadvantage and Advantage is a composite index of several
predictor variables that allocates each postcode area to a decile
of socioeconomic standing (Pink 2011). Each record was al-
located a decile score based on maternal residential postcode.
Information on remoteness was acquired from the Australian
Bureau of Statistics Remoteness Structure. This structure out-
lines five levels of remoteness areas, based on the relative
access to services in each area (Australian Bureau of
Statistics 2018). Each record was allocated a remoteness area
based on maternal residential postcode. Births were excluded
from the analysis if the mother’s usual residential postcode
was outside of Queensland (n =5158), and also if the baby
(2) had a congenital anomaly that independently affects birth
weight (n=15,397), (3) was of indeterminate sex (n=120),
(4) lived in a postcode that could not be allocated a socioeco-
nomic score (n=1054), (5) was part of a multiple birth (n=
17,272), or (6) was stillborn (n=3572). After exclusions,
494,126 birth records remained. Missing data was present in
79,648 records. The largest contributor to missing values was
maternal BMI (n=41,259), and remoteness category (n=
39,808). Analysis was restricted to records with complete data
for all variables. Thus, the final sample size was 414, 478.
Ethical approval for this study was granted by the Children’s
Health Queensland Human Research Ethics Committee and
the University of Queensland Human Research Ethics
Committee.

Informed by previous research and expert knowledge, a
directed acyclic graph (DAG) was developed to explore the
potential causal relationships between the variables using the
software DAGitty (Textor et al. 2016). The DAG illustrates
the predicted relationships between variables, and identifies
maternal Indigenous status as a potential confounder that re-
quired adjustment (see Fig. 1).

Birthweight in grams, gestational age, and sex were used to
calculate age-standardised birthweight percentiles using the
‘childsds’ package (Vogel 2017) for R as the primary outcome
variable. This was categorised into small for gestational age
(SGA), appropriate for gestational age, and large for gestation-
al age (LGA) using 10% cut-offs; thus, babies under the 10th
percentile were categorised as SGA, and babies greater than
the 90% percentile were categorised as LGA. The following
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variables were retained for use as predictors: maternal age (in
categories), smoking (y/n), maternal Indigenous status, con-
genital anomalies (not independently linked to birthweight),
maternal BMI category, previous pregnancies (y/n), maternal
remoteness status, maternal country of birth, year of birth,
month of birth, season of the baby’s birth, the presence of
hypertension in the pregnancy, gestational diabetes, pre-
existing diabetes, and socioeconomic status. Tests of
multicollinearity between variables found a relationship be-
tween month of birth and year of birth, thus month was re-
moved. All other variables remained.

Multinomial logistic regression was performed using the
‘nnet’ package (Venables and Ripley 2002) in R. This package
fits a log-linear model via neural networks. The reference
category was appropriate for gestational age. Odds ratios
(OR) and 95% confidence intervals were calculated. Model
selection was performed by stepwise regression, with AIC as
the criteria for variable selection, using the ‘MASS’ package
(Venables and Ripley 2002). Further testing was carried out on
a range of models, using the change in deviance to assess
model fit. The final model selected was identified as the best
model within both methods. Attributable risk was estimated
using the package ‘attribrisk’ (Schenck et al. 2014).

Some BMI values were identified as extreme outliers (BMI
> 75). Sensitivity analysis was performed by fitting models
both with and without these values. Results in both models
were the same which was most likely due to the very small
numbers of records exceeding the cut-off (n = 5). Further test-
ing was performed with BMI observations that lie outside
1.5 times the interquartile range removed. This led to small
changes in the estimates, that were not biologically signifi-
cant. Therefore, outliers have been retained given the small
change in estimate, and the fact that many of the values re-
moved were biologically plausible. A further sensitivity anal-
ysis was performed on the data, removing BMI as a predictor
variable. Changes in the estimates were minimal, and thus
BMI was retained as a predictor, due to its importance in
modern health-care management.

All analysis was performed in R version 3.5.1 “Feather
Spray”. This manuscript was prepared following the guide-
lines of the STROBE statement (Vandenbroucke et al. 2007).

Results

The majority of babies in the cohort were born at full term
(94%) and at an appropriate birthweight for their gestational
age and sex (80%). The proportion of babies born small for
gestational age and large for gestational age was 5% and 15%
respectively. The majority of mothers were aged 2534 years
(59%), did not identify as Indigenous and/or Torres Strait
Islanders (95%), were non-smokers (85%), had given birth

previously (70%), and lived in major cities (66%) The char-
acteristics of the babies are described in Table 1.

The mean birthweight in grams was slightly reduced across
time in this cohort, from a high of 3446 g in 2008 to the lowest
value of 3399 g in 2015. Similarly, mean gestational age de-
creased by around 1.5 days, from 39 weeks in 2000 to
38.8 weeks in 2015. Mean birthweights were highest in
mothers aged 25-34 years, with mothers under the age of
19 years and over the age of 45 years having the lowest
birthweight babies. Mean birthweight increased as maternal
BMI category increased (Fig. 2). The lower values seen for
underweight mothers was not explained by lower gestational
age. The proportion of early pre-term births remained steady
throughout the study period, whilst the proportion of babies
born late pre-term increased from 5% in 2007 to 5.5% in 2015.
There was a small increase in the proportion of underweight
mothers and a decrease in the proportion of overweight and
obese mothers.

Within the outcome variable of age-standardised birth
weight, the majority of babies (79.7%, n=330,462) in our
cohort were born at an appropriate weight for their gestational
age and sex: 4.6% of babies were small for gestational age
(n=19,167), while 15.6% were large for gestational age
(64,849). These rates stayed fairly steady across the time pe-
riod (data not shown).

Main results

Unadjusted odds ratios are presented in Table 2. The full mod-
el contains year and season as potential confounders, along-
side the range of predictors.

Adjusted analysis shows large increases in the odds of de-
livering a small for gestational age baby for smokers (OR
2.82, 95% CI 2.72-2.93, p<0.001), mothers from North
African or Middle Eastern countries (OR 2.21, 95% CI
1.95-2.50, p<0.001), and mothers from Southern and
Central Asian countries (OR 3.30, 95% CI 3.08-3.53,
p<0.001). Smaller but significant effects were seen for
Indigenous mothers (OR 1.28, 95% CI 1.21-1.36,
p<0.001), living in rural (inner regional OR 1.05, 95% CI
1.00-1.09, p = 0.037; outer regional OR 1.09, 95% CI 1.04—
1.13, p<0.001) or remote areas (OR 1.13, 95% CI 1.02—1.25,
p = 0.022), congenital anomalies (OR 1.39, 95% CI 1.29-
1.48, p<0.001), mothers born on the American continent
(OR 1.15, 95% CI 1.00-1.32, p = 0.044), sub-Saharan
Africa (OR 1.51, 95% CI 1.36-1.69, p<0.001), North-East
Asia (OR 1.71,95% CI 1.58-1.85, p < 0.001) and South-East
Asia (OR 1.75,95% CI 1.62-1.89, p < 0.001, maternal hyper-
tension (OR 1.83, 95% CI 1.72-1.94, p < 0.001), underweight
mothers (OR 1.68, 95% CI 1.58-1.79, p <0.001), and living
in an area with the highest level of disadvantage (OR 1.13,
95% CI 1.06-1.20, p <0.001).
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Fig. 1 Directed acyclic graph depicting the predicted relationships
between birthweight and explanatory variables. Blue circles with a line
indicate outcomes, in this case birthweight. Plain blue circles indicate an
ancestor of the outcome. Green circles with triangles indicate an
exposure. Dark grey circles are observed variables that are not on an

A range of factors were also associated with increased odds
of LGA babies. The adjusted model shows a nearly 6-fold
increase in the odds of delivering LGA babies for mothers
with pre-existing diabetes (OR 5.98, 95% CI 5.12-6.99,
p<0.001). Increased odds were also seen for mothers with
gestational diabetes (OR 1.10, 95% CI 1.03-1.17, p =
0.005), mothers who were overweight (OR 1.48, 95% CI
1.44-1.51, p<0.001) or obese (OR 1.91, 95% CI 1.87-1.96,
p<0.001), and mothers who had been pregnant previously
(OR 1.62, 95% CI 1.59-1.66, p < 0.001).

Interactions

Effect modification between diabetes and BMI categories was
included in the final model. For SGA babies, the interaction
between maternal obesity and gestational diabetes was slight-
ly protective (OR 0.83,95% C10.71-0.97, p = 0.017). This is
similar to the reduction in odds seen in the main effects model.
For LGA babies, maternal underweight and gestational diabe-
tes led to a larger increase in in odds compared with gestation-
al diabetes alone (OR 1.46, 95% CI 1.07-2.00, p = 0.018).
Obese mothers with gestational diabetes had higher odds of
LGA babies (OR 1.37,95% CI 1.27-1.49, p < 0.001), but this
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exposure pathway to the outcome. Light grey circles are unobserved
variables, which play a role in the exposure pathway. Green arrows are
exposure pathways related to the outcome. Black arrows are pathways
that are not directly related to the outcome. Lastly, red arrows indicate a
biasing pathway, with red circles the biasing variable

was reduced compared with the main effects model.
Interestingly the odds changed significantly for obese mothers
with pre-existing diabetes, with mothers in both categories
having reduced odds of having a large for gestational age baby
(OR 0.61, 95% CI1 0.50-0.75, p < 0.001).

Attributable risk

Attributable risk was estimated for predictor variables consid-
ered to be modifiable. Removing all maternal smoking would
lead to a 21% reduction in SGA (coeff=0.209, 95% CI
0.201-0.218), whilst removing all maternal hypertension
would give a reduction of 3% (coeff=0.030, 95% CI 0.027—
0.034).

Despite the large OR for pre-existing diabetes and LGA,
the attributable risk was only 1% (coeff=0.014, 95% CI
0.012-0.015). Prevention of all cases of gestational diabetes
would lead to a 2% reduction in SGA cases (coeff=0.022,
95% CI 0.019-0.0244). Maternal BMI is responsible for the
largest fraction of attributable risk, with a 24% reduction
(coeff=0.240, 95% CI 0.232-0.249) possible if all mothers
had a BMI in the normal range.
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Table 1. Characteristics of live,
singleton births from Queensland, Variable Level Summary
Australia (2007 — 2015) (n =
414,478) Birthweight (g) (median [25%, 75%]) 3,440 [3,115,
3,770]
Age-standardised birthweight category SGA 4.6
(%) APP 79.7
LGA 15.6
Length of gestation (wks) (median [25%, 39 [38, 40]
75%])
Gestation by category (%) Early preterm 0.4
Extremely preterm 0.2
Late preterm 53
Term 94.1
Sex (%) Female 48.7
Male 51.3
Presence of congenital anomaly (%) Yes 35
Suspected 0.1
Maternal age group (%) 25-34 59.1
<25 21.2
35-44 19.6
45+ 0.2
Maternal Indigenous status (%) Indigenous and/or Torres Strait Islander 5.0
Maternal BMI category (%) Underweight 34
Normal range 51.2
Overweight 20.7
Obese 24.7
Previous pregnancy (%) Yes 69.8
Maternal smoking (%) Yes 15.3
Gestational hypertensive complications Yes 44
(%)
Gestational diabetes (%) Yes 6.7
Pre-existing diabetes (%) Yes 0.6
Maternal region of birth (%) Oceania & Antarctica 83.6
Americas 1.3
Sub-Saharan Africa 1.6
Southern Central Asia 24
North East Asia 2.6
Southern Eastern Europe 0.9
North West Europe 1.1
South East Asia 3.0
North Africa & Middle East 0.9
United Kingdom, Channel Islands and Isle 2.5
of Man
Remoteness category (%) Major Cities of Australia 65.7
Inner Regional Australia 14.9
Outer Regional Australia 16.3
Remote Australia 2.0
Very Remote Australia 1.1
SES category (%) Most disadvantaged 4.6
Most advantaged 13.7
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Discussion for SGA for women from migrant backgrounds could not be

The results of the present study show that traditional risk factors,
such as smoking and low maternal BMI continue to be important
predictors of low birthweight. In our study of an Australian pop-
ulation, we also find that women from African, Asian, and
American backgrounds are more likely to deliver SGA babies.
Characteristics of the maternal residential area, such as living in
an area with the lowest socio-economic ranking or rural areas, may
also increase the odds of delivering SGA babies. Most of the
factors associated with SGA remain non-modifiable, with only
smoking, hypertension, and BMI falling into the modifiable cate-
gory, with smoking producing the largest attributable risk fraction.

The current study finds a nearly 3-fold increase in the odds
for SGA for women who smoke during pregnancy. This find-
ing is with the presence of any maternal smoking, suggesting
that even low maternal use of cigarettes may contribute to this
risk. As maternal smoking represents a preventable exposure,
efforts to support women to quit smoking during pregnancy
should continue.

Perhaps one of the more important findings of this study is
the large increases in the odds for SGA for women from
Asian, North African, or Middle Eastern countries. Not all
of these cases will be due to pathological growth restriction
(Urquia and Serbye 2016), nor will they mean there is an
adverse outcome associated with the child’s health.
Nonetheless, these results highlight a potential intervention
area for improved neonatal outcomes. The increased odds
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attributed to smoking rates, which were lower in these women,
compared with Australian and European women (data not
shown). Given that the regions with the highest odds ratios
for SGA overlapped with regions with historically high levels
of endemic stunting (World Health Organization 2018), it is
likely that some of this effect is a long-term effect of childhood
stunting on body composition and reproductive outcomes
(Martorell and Zongrone 2012). A Swedish study also found
this tendency for lighter babies in migrant women, and found
the effect remains even when accounting for time since mi-
gration and other social factors (Juarez and Hjern 2017). The
growth centiles used in the current study are based on the
WHO Child Growth Standards; therefore, the risk of misclas-
sification due to use of a local reference is reduced. The mag-
nitude of effect is as large as for maternal smoking, suggesting
that exploring care practices to reduce the prevalence of SGA
amongst these groups should be a priority area for health pro-
viders. While the current study finds a potential link between
maternal body composition, notably short stature, and SGA
there is also a role for maternal prenatal care. There has been
several complex reasons identified for sub-optimal sexual and
reproductive healthcare amongst migrant women, ranging
from language barriers, gender roles, cultural norms, and dif-
ficulty accessing the Australian medical system (Mengesha
et al. 2016; Mengesha et al. 2017)

For large for gestational age babies, our key finding is the
importance of maternal BMI to attributable risk fraction.
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Table 2 Crude and adjusted odds ratios (95% Cls) for SGA and LGA from a birth cohort in Queensland, Australia (2007-2015)

Predictors Crude Adjusted

Odds ratios 95% CI Odds ratios 95% CI

Small for gestational age
Maternal age group (years)

<25 1.33 1.29-1.38 0.99 0.95-1.02

35-44 1.03 0.99-1.07 1.20 1.15-1.25

45+ 0.89 0.59-1.33 1.28 0.87-1.87
Maternal smoking status (reference = ‘no’)

Yes 242 2.35-2.50 2.82 2.72-2.93
Maternal indigenous status (reference = ‘not Indigenous’)

Indigenous and/or Torres Strait Islander 1.72 1.63-1.81 1.28 1.21-1.36
Maternal remoteness status (reference = “‘major cities’)

Inner r Australia 1.06 1.02-1.10 1.05 1.00-1.09

Outer regional Australia 1.12 1.08-1.16 1.09 1.04-1.13

Remote Australia 1.21 1.10-1.33 1.13 1.02-1.25

Very remote Australia 1.26 1.11-1.44 0.98 0.85-1.12
Congenital anomalies (reference = ‘none')

Yes 1.45 1.35-1.55 1.39 1.29-1.48

Suspected 0.85 0.53-1.36 0.88 0.54-1.42
Previous pregnancies (reference = ‘No’)

Yes 0.66 0.64-0.68 0.63 0.61-0.65
Maternal region of birth (reference = ‘Australia and Oceania’)

Americas 0.95 0.83-1.08 1.15 1.00-1.32

Sub-Saharan Africa 1.19 1.07-1.33 1.51 1.36-1.69

Southern Central Asia 2.58 2.42-2.75 3.30 3.08-3.53

North East Asia 1.44 1.33-1.55 1.71 1.58-1.85

Southern Eastern Europe 0.82 0.69-0.97 0.97 0.81-1.14

North West Europe 091 0.79-1.06 1.04 0.90-1.21

South East Asia 1.46 1.35-1.57 1.75 1.62-1.89

North Africa Middle East 1.62 1.43-1.83 221 1.95-2.50

United Kingdom, Channel Islands and Isle of Man 0.95 0.86-1.05 1.10 0.99-1.21
Season of birth (reference = “'spring’)

Summer 1.06 1.02-1.11 1.06 1.02-1.11

Winter 1.00 0.96-1.05 1.00 0.96-1.05

Autumn 1.04 1.00-1.09 1.05 1.01-1.10
Maternal hypertension (reference ='‘no’)

Yes 1.69 1.60-1.80 1.83 1.72-1.94
Maternal BMI (reference = “'normal’)

Underweight 1.96 1.85-2.08 1.68 1.58-1.79

Overweight 0.83 0.80-0.87 0.81 0.78-0.85

Obese 0.83 0.80-0.87 0.81 0.78-0.84
Gestational diabetes (reference ='“no’)

Yes 0.85 0.79-0.90 0.87 0.79-0.96
Pre-existing diabetes (reference = 'no’)

Yes 0.68 0.51-0.91 0.45 0.25-0.79
Socio-economic status

Most disadvantaged 1.37 1.29-1.45 1.13 1.06-1.20

Most advantaged 0.84 0.81-0.88 0.89 0.85-0.94

Interaction: maternal BMI and gestational diabetes
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Table 2 (continued)

Predictors Crude Adjusted
Odds ratios 95% C1 Odds ratios 95% C1

Underweight mother with gestational diabetes 0.97 0.71-1.32 1.04 0.76-1.42

Overweight mother with gestational diabetes 0.93 0.79-1.11 0.95 0.80-1.13

Obese mother with gestational diabetes 0.77 0.66-0.90 0.83 0.71-0.97
Interaction: maternal BMI and pre-existing diabetes

Underweight mother with pre-existing diabetes 1.02 0.13-8.23 1.26 0.16-9.81

Overweight mother with pre-existing diabetes 1.99 0.89-4.42 2.18 0.98-4.89

Obese mother with pre-existing diabetes 1.22 0.59-2.51 1.29 0.62-2.68
Large for gestational age
Maternal age group (years)

<25 0.81 0.79-0.83 0.94 0.92-0.96

3544 1.11 1.09-1.14 1.00 0.98-1.03

45+ 0.85 0.68-1.06 0.74 0.59-0.93
Maternal smoking status (reference = ‘no’)

Yes 0.56 0.54-0.57 0.49 0.47-0.50
Maternal indigenous status (reference = ‘not Indigenous’)

Indigenous and/or Torres Strait Islander 0.82 0.78-0.85 0.87 0.83-0.91
Maternal remoteness status (reference = ‘major cities’)

Inner regional Australia 1.09 1.06-1.11 1.01 0.99-1.04

Outer regional Australia 0.98 0.96-1.01 0.94 0.91-0.96

Remote Australia 1.03 0.97-1.09 0.97 0.91-1.03

Very remote Australia 1.02 0.94-1.10 1.03 0.94-1.12
Congenital anomalies (reference = ‘none’)

Yes 0.82 0.79-0.87 0.84 0.80-0.89

Suspected 0.59 0.43-0.81 0.54 0.39-0.75
Previous pregnancies (reference = 'no’)

Yes 1.68 1.65-1.72 1.62 1.59-1.66
Maternal region of birth (reference = ‘Australia and Oceania’)

Americas 0.78 0.72-0.84 0.80 0.74-0.86

Sub-Saharan Africa 0.65 0.61-0.71 0.61 0.57-0.66

Southern Central Asia 0.37 0.34-0.40 0.37 0.34-0.41

North East Asia 0.40 0.37-0.43 0.46 0.43-0.49

Southern Eastern Europe 0.79 0.72-0.87 0.84 0.77-0.93

North West Europe 0.79 0.73-0.86 0.87 0.79-0.94

South East Asia 0.54 0.51-0.58 0.57 0.54-0.61

North Africa Middle East 0.47 0.42-0.53 0.44 0.39-0.49

United Kingdom, Channel Islands and Isle of Man 0.88 0.84-0.93 0.89 0.84-0.94
Season of birth (reference = "“spring’)

Summer 0.96 0.93-0.98 0.96 0.94-0.98

Winter 0.97 0.95-0.99 0.97 0.95-0.99

Autumn 0.94 0.92-0.96 0.93 0.91-0.96
Maternal hypertension (reference = “no’)

Yes 1.18 1.13-1.22 1.01 0.97-1.05
Maternal BMI (reference = 'mormal’")

Underweight 0.48 0.45-0.52 0.54 0.50-0.58

Overweight 1.52 1.49-1.56 1.48 1.44-1.51

Obese 2.08 2.04-2.12 1.91 1.87-1.96

Gestational diabetes (reference = 'no’)
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Table 2 (continued)
Predictors Crude Adjusted
Odds ratios 95% C1 Odds ratios 95% C1
Yes 1.44 1.40-1.48 1.10 1.03-1.17
Pre-existing diabetes (reference = “no’)
Yes 4.94 4.55-5.36 5.98 5.12-6.99
Socio-economic status
Most disadvantaged 0.87 0.83-0.90 0.90 0.86-0.94
Most advantaged 0.93 0.91-0.95 1.00 0.97-1.02
Interaction: maternal BMI and gestational diabetes
Underweight mother with gestational diabetes 1.50 1.10-2.05 1.46 1.07-2.00
Overweight mother with gestational diabetes 1.10 1.00-1.20 1.06 0.97-1.17
Obese mother with gestational diabetes 1.49 1.38-1.61 1.37 1.27-1.49
Interaction: maternal BMI and pre-existing diabetes
Underweight mother with pre-existing diabetes 1.51 0.65-3.52 1.26 0.53-3.01
Overweight mother with pre-existing diabetes 091 0.72-1.15 0.92 0.72-1.17
Obese mother with pre-existing diabetes 0.58 0.48-0.71 0.61 0.50-0.75
Interaction: pre-existing diabetes and gestational diabetes
Mother with both pre-existing diabetes and gestational diabetes 0.36 0.15-0.84 0.44 0.18-1.06

Cox & Snell’s R2 / Nagelkerke’s R2 0.709 / 0.779

! Model contains an adjustment for year which was significant (p < 0.001, df=9)

Whilst pre-existing diabetes greatly increased the odds of a
LGA offspring, and gestational diabetes was also associated
with macrosomia, BMI was associated with the greatest risk
contribution. Being overweight or obese was also associated
with increased odds of delivering a LGA baby. Unlike SGA,
all of the factors associated with LGA in this study are mod-
ifiable, and represent an action area for public health.

Body mass index (BMI) is associated with adverse mater-
nal and neonatal outcomes. Existing studies have shown that
being underweight decreases the odds for gestational hyper-
tension, gestation diabetes, and high birth weight, while in-
creasing the odds of delivering a SGA baby (Shin and Song
2015). A recent review highlighted the importance of diabetes
and foetal macrosomia, focussing on the link between the two
even where appropriate glycaemic control was achieved
(McGrath et al. 2018). The interaction model found interesting
reductions in the odds for obese and overweight women with
diabetes, especially the protective effect of obesity and pre-
existing diabetes. It is possible that this effect arises from care-
giving practices during the pregnancy, with well-established
care protocols available for diabetes in pregnancy (Kitzmiller
et al. 2008)

This study utilised a large population-based cohort that
comprised all births within the region for a 9-year period.
However, there are limitations to our design. It is possible that
some births were not registered in the PDC. Data on smoking

was limited to a yes/no flag, and did not take into account the
amount smoked. The population in this study was ideal for
adding to the information about maternal and social risk fac-
tors in developed settings.

Conclusions for practice

There remain modifiable maternal risk factors associated
with sub-optimal birthweight outcomes. Maternal
smoking, hypertension, and a pre-pregnancy BMI in the
underweight category are all modifiable risk factors asso-
ciated with increased odds of delivering a SGA baby.
Maternal overweight and obesity, as well as gestational
diabetes, are modifiable risk factors associated with LGA
offspring. While not strictly modifiable, women who have
migrated from African, Asian, and American countries
may require prenatal care that is more carefully targeted
to their needs. These findings highlight the need for im-
proved medical care guidelines to address these factors.
Policy makers and healthcare providers should continue
to focus their efforts towards smoking reduction for preg-
nant women, weight management and reduction programs
for women of child bearing age, and culturally appropriate
reproductive health care for migrant women.
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