
RESEARCH Open Access

Maternal region of origin and Small for
gestational age: a cross-sectional analysis of
Victorian perinatal data
Sarah Grundy1* , Patricia Lee1, Kirsten Small2,3 and Faruk Ahmed1

Abstract

Background: Being born small for gestational age is a strong predictor of the short- and long-term health of the
neonate, child, and adult. Variation in the rates of small for gestational age have been identified across population
groups in high income countries, including Australia. Understanding the factors contributing to this variation may
assist clinicians to reduce the morbidity and mortality associated with being born small. Victoria, in addition to New
South Wales, accounts for the largest proportion of net overseas migration and births in Australia. The aim of this
research was to analyse how migration was associated with small for gestational age in Victoria.

Methods: This was a cross sectional population health study of singleton births in Victoria from 2009 to 2018
(n = 708,475). The prevalence of being born small for gestational age (SGA; <10th centile) was determined for
maternal region of origin groups. Multivariate logistic regression analysis was used to analyse the association
between maternal region of origin and SGA.

Results: Maternal region of origin was an independent risk factor for SGA in Victoria (p < .001), with a prevalence of
SGA for migrant women of 11.3% (n = 27,815) and 7.3% for Australian born women (n = 33,749). Women from the
Americas (aOR1.24, 95%CI:1.14 to 1.36), North Africa, North East Africa, and the Middle East (aOR1.57, 95%CI:1.52 to
1.63); Southern Central Asia (aOR2.58, 95%CI:2.50 to 2.66); South East Asia (aOR2.02, 95%CI: 1.95 to 2.01); and sub-
Saharan Africa (aOR1.80, 95%CI:1.69 to 1.92) were more likely to birth an SGA child in comparison to women born in
Australia.

Conclusions: Victorian woman’s region of origin was an independent risk factor for SGA. Variation in the rates of SGA
between maternal regions of origin suggests additional factors such as a woman’s pre-migration exposures, the
context of the migration journey, settlement conditions and social environment post migration might impact the
potential for SGA. These findings highlight the importance of intergenerational improvements to the wellbeing of
migrant women and their children. Further research to identify modifiable elements that contribute to birthweight
differences across population groups would help enable appropriate healthcare responses aimed at reducing the rate
of being SGA.

Keywords: Birthweight, Maternity, Migration, Perinatal health, Pregnancy, Region of origin, Small for gestational age

© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

* Correspondence: sarah.grundy@griffithuni.edu.au
1School of Medicine, Griffith University, Gold Coast, QLD, Australia
Full list of author information is available at the end of the article

Grundy et al. BMC Pregnancy and Childbirth          (2021) 21:409 
https://doi.org/10.1186/s12884-021-03864-9

http://crossmark.crossref.org/dialog/?doi=10.1186/s12884-021-03864-9&domain=pdf
https://orcid.org/0000-0002-4163-6940
https://orcid.org/0000-0003-1481-4147
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:sarah.grundy@griffithuni.edu.au


Background
Improving the wellbeing of women and children is es-
sential if we are to achieve progress on the Sustainable
Development Goals, reduce inequality and create a more
inclusive future for all [1]. Every person’s life potential is
shaped during the critical periods of growth and human
development associated with conception, pregnancy, and
birth. Growing small for gestational age (SGA; < 10th
centile) in utero more than doubles the risk of stillbirth
[2], increases the child’s risk for neonatal death [3], post-
natal growth stunting [4], and reduces learning potential
in comparison to a child born appropriate for gestational
age (AGA) [5, 6]. In adulthood, individuals who were
born SGA are predisposed to chronic health problems,
resulting in a decreased earning capacity [7], reduced
productivity, and increased economic costs for the
broader population [8].
Reducing preventable perinatal death by achieving a re-

duction to 10% in the prevalence of SGA by 2035 is a tar-
get of the Every Newborn Action Plan [9] endorsed by the
World Health Organization. Children born in low- and
middle-income countries are more likely to be SGA, and
there are also differences between population groups in
high income countries [10]. In Australia, 11.9% of migrant
children were born SGA for the year 2017 compared to
9.7% of those to Australian born women [11], raising
questions of what factors are driving differences in the
prevalence of SGA across population groups.
The causes of growth restriction during the antenatal

period are multifactorial, ranging from fetal malforma-
tions, infections, placental and umbilical cord abnormal-
ities; to maternal factors, such as maternal preeclampsia
[12], diabetes [13], and anaemia [14]. In the absence of
intrauterine pathology, SGA is associated with the inter-
section of a woman’s health and health behaviours in the
context she inhabits [15–17]. Being a younger woman
[18], not in a relationship [19, 20], or being the woman’s
first baby [21] are associated with higher rates of SGA;
as are smoking [22], being underweight, or having low
gestational weight gain [23, 24]. In contrast, being over-
weight [13] and high gestational weight gain decreased
the risk of SGA [25]. Gestational weight gain is primarily
influenced by food security [26]. Food security is influ-
enced by a complex intersection of factors such as socio-
economic status, geographical access to nutritional food,
and health literacy [27]. Certain cultural factors are also
associated with SGA through the influence of body
image [28], food taboos, and dietary misconceptions [29,
30] on gestational weight gain.
Globally, environmental factors such as socioeconomic

disadvantage [31, 32], natural disasters, famine, and con-
flict also increase the risk of SGA via pathways of re-
duced access to clean water, sanitation, food security,
and health care [33–35]. High income countries have

historically been more resilient to these factors, however,
the increasing frequency of natural hazards such as
bushfires, flooding and pandemics are contributing to
social instability for all regions [36]. Variation in the risk
of SGA in high income countries, including Australia,
has been associated with a woman’s socioeconomic sta-
tus [31, 32], via factors such as education [37], income
[38], food deserts [27] and living conditions [19] that in-
fluence a woman’s access to resources in her social con-
text. Socioeconomic status and the risk for SGA has
been found to be influenced by a woman’s racial classifi-
cation [39] or ethnic group [40], as race modifies expos-
ure to racially determined disadvantage and systemic
racism [41]. Meta-analyses of the factors associated with
SGA for migrant women in high income countries have
confirmed that a woman’s region of origin and migration
status [42] increased her risk of SGA via pathways of ac-
cess and barriers to social resources.
Australia was founded in the context of migration.

The history of colonisation of First Nations country has
resulted in Australia being home to people from over
270 diverse ancestry groups [43]. By 2018, close to 40%
of women birthing in Australia were born overseas, with
the largest proportion of women arriving from India and
China [44]. Victoria and New South Wales account for
the largest proportion of net overseas migration and
births in Australia [43, 45]. Maternal region of birth was
found to be an independent risk factor for stillbirth and
this risk increased 2.3-fold when SGA was diagnosed
and 4.3-fold when SGA was not recognised in utero
[46]. Previous migrant health research in Victoria has
identified poorer perinatal health outcomes for some mi-
grant population groups [47]. Population group differ-
ences in the prevalence of SGA have been identified for
migrant women in high income countries. However,
possible differences in rates of SGA across population
groups in Victoria remains unknown. This lack of know-
ledge is potentially contributing to a higher risk of still-
birth for women from certain regions of origin.
Therefore, the aim of this study was to determine how a
woman’s position as a migrant is associated with the
prevalence of being SGA at birth in Victoria.

Methods
Study design and population
A cross-sectional study of routinely collected population
data on all singleton births in Victoria between January
2009 to December 2018 was undertaken. The quality of
the Victorian Perinatal Data Collection (VPDC) is regu-
larly audited for accuracy which supports the validity of
the findings in this research study [48]. Data were avail-
able for the total population of women (n = 708, 475),
providing a sufficiently large study population for ana-
lysis across subgroups. Exclusion criteria were: fetal
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deaths, stillbirths, congenital abnormalities, births at ges-
tations of less than 20 or greater than 43 weeks, and un-
known neonatal sex, gestation, or birthweight. Multiple
births were also excluded as they are more likely to be
confounded by prematurity and maternal pregnancy
conditions. After data cleaning, the sample captured
98.9% of women birthing a singleton baby in Victoria
during the time period.
Low risk ethics approval was granted in December

2019 for secondary analysis of routinely collected peri-
natal data. All research methods were performed in ac-
cordance with the relevant guidelines and regulations for
the analyses of secondary population data. The Con-
sultative Council on Obstetric and Paediatric Mortality
and Morbidity (CCOPMM) provided formal access to
the deidentified data according to regulation 10 of the
Public Health and Wellbeing Regulations 2009, ensuring
respect for the privacy and cultural sensitivities of the
women included in the study. Ethical review applied the
Victorian Health Records Act Statutory Guidelines for
research and due to the deidentified nature of the data a
waiver for consent was approved. The research data
were stored according to quality procedures for the stor-
age of research data, including data encryption for trans-
fer and storage.

Measurement of key variables
Small for gestational age
Small for gestational age was the dependant variable, de-
fined as a birthweight <10th centile, adjusted for sex and
gestational age [49]. Birthweight centiles were determined
using the Australian national birthweight percentiles to
define the point of significance [50] and were added by
the VPDC prior to release to the researchers. The popula-
tion standard was chosen as it has been validated to be
representative of the Australian population [50], is the
standard used in Victoria for population health research
[51], and does not assume that race or ethnicity generates
genetic differences in birthweight [52].

Maternal region of origin
The independent variable, maternal region of origin, was
a composite categorical variable provided by the Victor-
ian Agency for Health Information (VAHI) and grouped
according to the United Nations M49 Standard
geoscheme [53]. Country of birth is a self-reported indi-
cator routinely collected during the provision of mater-
nity care in Victoria [54]. In preparation for analysis, we
consolidated maternal country of birth into two categor-
ies, non-migrant women born in Australia and migrant
women who were born in a country other than
Australia. The variable region of origin was further
grouped according to the Australian Bureau of Statistics
Classification of Countries [55] into major regional

groupings: Americas; Australia; Europe; North Africa,
North East Africa and Middle East; Oceania and Antarc-
tica; Southern Central Asia; South East Asia; and sub-
Sharan Africa.

Potential confounding variables
Socioeconomic Indexes for Areas (SEIFA) was used as
the measure for socioeconomic status. SEIFA is a com-
posite measure that includes a range of variables includ-
ing the level of relative disadvantage/advantage in an
area, employment status, household income, level of
education, disability, single parenthood, and rental or
mortgage status [56]. The SEIFA quintiles were consoli-
dated from 5 levels into SEIFA advantaged (quintiles 4
and 5) average (quintile 3) and disadvantaged (quintiles
1 and 2) for analysis. Additional variables controlled for
were provided to the researchers in the data set and de-
tailed definitions can be found in the Victorian Perinatal
Data Collection (VPDC) definitions manual [54]. Vari-
ables included maternal age in years (less than 20 years,
20 to 35 years, over 35 years); parity as the total number
of previous pregnancies (multiparous and primiparous);
relationship status described a woman’s existing rela-
tionship status, (in a relationship or not in a relation-
ship); body mass index (BMI < 18.5 underweight, BMI
18.5 to 25 average weight, BMI > 25 overweight or
obese); smoking status before and after 20 weeks gesta-
tion (smoking or non-smoking), gestational age at first
pregnancy visit (< 12 weeks, 12 to 24 weeks, > 24 weeks/
no care). Maternal medical conditions and pregnancy
complications (categorised yes - disorder present or no -
disorder absent) included, diabetes, gestational diabetes;
pre-existing hypertension and pregnancy induced hyper-
tension (blood pressure systolic ≥140 mmHg and/or dia-
stolic ≥90mmHg). Pre-eclampsia, HELLP syndrome
(haemolysis, elevated liver enzymes, low platelet count)
were defined by the SOMANZ guideline for manage-
ment of hypertensive disorders of pregnancy [57] and
suspected fetal growth restriction (clinically determined
slow/static growth <10th centile) [58].

Statistical analysis
The statistical data editor software program Statistical
Product and Services Solution version 26 (SPSS V.26)
was used for analyses. Data were checked using frequen-
cies, errors, and outliers in preparation for analyses. Of
the total study population, 704 cases (0.01%) were miss-
ing birthweight and these cases were deleted. Bivariate
analyses using the Chi-square test for independence be-
tween the dependant variable SGA and the independent
variable were performed, including examining the poten-
tial confounding of mediating variables identified in the
literature review. Statistically significant unadjusted asso-
ciations were identified in preparation for binary logistic
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regression analysis. Hierarchical logistic regression
models were built to measure the independent associ-
ation [presented as adjusted odds ratio (aOR) with 95%
confidence intervals (95%CI)] between SGA and mater-
nal region of origin, whilst controlling for effects of the
confounding variables defined in the previous section.
Statistical significance was set at p value < 0.05.

Results
Between 2009 and 2018 there were 708,475 women who
birthed a singleton baby in Victoria. The demographics
of the study population are presented in Table 1. Most
women were born in Australia (67%; n = 461,903). The
remaining women were migrants from the Americas
(1.4% n = 9616); Europe (7.9% n = 34,533); Northeast Af-
rica, North Africa, Middle East (7.9% n = 55,737); Ocea-
nia, Antarctica (2.8% n = 20,046); Southern Central Asia
(9.4% n = 66,883); South East Asia (6.3% n = 44,943); and
sub-Saharan Africa (2.1% n = 14,814). A smaller propor-
tion of migrant women than Australian born women
were not in a relationship (6.7% vs 14.6% respectively);
under the age of 20 years (0.8% vs 2.5%); and living in a
more advantaged neighbourhood (36.9% vs 41.6%). Mi-
grant women were also more likely than Australian born
women to be birthing their first baby (45.3% vs 43% re-
spectively); develop more gestational diabetes managed
with diet (9.5% vs 4.0%) and insulin (6.1% vs 2.8%); and
experience more suspected fetal growth restriction (5.8%
vs 4.3%). The majority of women in the study population
were non-smokers. Those who did smoke were more
likely to be Australian born women rather than migrant
women, both before 20 weeks gestation (13.4% vs 3.8%);
and after 20 weeks gestation (8.5% vs 1.9%). These find-
ings were statistically significant at p < 0.001.

Maternal region of origin and SGA
There was a total of 61,564 SGA neonates in the study
population, resulting in an overall SGA rate of 8.7%. A
higher proportion of SGA was identified for migrant
women at 11.3% (n = 27,815) compared to 7.3% (n = 33,
749) for Australian born women. Bivariate analysis iden-
tified statistically significant variation in the distribution
of SGA across maternal regions of origin (p < 0.001).
The proportion of SGA for migrant women from South-
ern Central Asia 16.0% (n = 10,705); sub-Saharan Africa
14% (n = 17,687); South East Asia 12.1% (n = 5458);
North East, North Africa, and the Middle East 10% (n =
5563); was higher than for women from Australia 7.3%
(n = 33,749); the Americas 8.0% (n = 769); Oceania, Ant-
arctic 7.0% (n = 1399) and Europe 6.9% (n = 2397). After
controlling for confounding factors, regression analysis
identified migrant women were 1.76 times more likely to
birth an SGA baby than women born in Australia
(95%CI:1.73 to 1.80, p < .001), (see Table 2.).

The independent association between SGA and maternal
region of origin
Binary logistical regression modelling was performed to
identify the differences in SGA between maternal re-
gions of origin groups (see Table 3). Prior to model
building, multicollinearity was measured by variance in-
flation factors (VIF) and tolerance. For all predictor vari-
ables the tolerance was > 0.01 and VIF > 1 and < 3.5.
Regression analysis identified a statistically significant in-
dependent association between SGA and maternal re-
gions of origin. In comparison to Australian born
women, migrant women from the Americas were 1.24
times more likely to birth an SGA child (95%CI: 1.14 to
1.36), North Africa, North East Africa, and the Middle
East OR1.57 (95%CI:1.52 to 1.63), sub-Saharan Africa
OR1.80 (95%CI:1.69 to 1.92), South East Asia OR 2.02
(95%CI:1.95 to 2.01) and Southern Central Asia OR 2.58
(95%CI:2.50 to 2.66).
Socioeconomic status has previously been identified as a

strong influencing factor in the association with SGA and
it is strongly associated with maternal region of origin χ2

(df 14, N = 57,759) = 782.33. p < .001 (data not shown).
Therefore, further stratified regression analyses were
undertaken to assess the independent effect of region of
origin on SGA while removing its interrelationship with
SEIFA. A series of modelling stratified by SEIFA advan-
taged, average, and disadvantaged was performed to con-
firm the relationships between SGA and region of origin
(see.Table 4.). The independent association between ma-
ternal region of origin and SGA was statistically significant
across all SEIFA groups except for women from Europe,
Oceania and Antarctica or average and disadvantaged
women from Americas. For migrant women in Victoria,
the risk of SGA did not always follow a classic socioeco-
nomic gradient of disadvantage, confirming maternal re-
gion of origin was a much stronger predictor of SGA than
maternal socioeconomic status.
Being born SGA was also associated with several mater-

nal characteristics, medical conditions, and pregnancy
complications (see Table 2.). For the total study popula-
tion, SGA was less likely for women under 20 years (aOR
0.90, 95%CI:0.72 to 0.85, p < .01), and more likely for
women over 35 years (aOR 1.07, 95%CI:1.04 to 1.10,
p < .001) when compared with women aged between 20 to
35 years. Women birthing their first baby were twice as
likely (aOR 2.01, 95%CI:1.97 to 2.06, p < .001) to birth an
SGA child than women birthing subsequent babies. Being
underweight increased a woman’s odds of birthing an
SGA baby (aOR 1.61, 95%CI:1.54 to 1.69, p < .001) and be-
ing overweight or obese decreased a woman’s odds of
birthing an SGA baby (aOR 0.77, 95%CI:0.76 to 0.79,
p < .001) when compared to women of a healthy weight.
Women unable to access care until after 24 weeks ges-

tation or not at all were 25% more likely to birth an
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Table 1 Unadjusted characteristics of the study population (n = 708,475) stratified maternal region of origin

Region of
Origin

Australia Americas Europe North East, North
Africa, Middle East

Oceania,
Antarctica

South
East Asia

Southern,
Central Asia

Sub-
Saharan
Africa

n = 461,903
(65.2%)

n = 9616
(1.4%)

n = 34,533
(7.9%)

n = 55,737 (7.9%) n = 20,046
(2.8%)

n = 44,943
(6.3%)

n = 66,883
(9.4%)

n = 14,814
(2.1%)

Demographics N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) p value

Birthweight

< 10th
Centile

33,749 (7.3) 769 (8.0) 2397 (6.9) 5563 (10.0) 1399 (7.0) 5485 (12.1) 10,705 (16.0) 1524 (10.3) < 0.001

> 10th
Centile

428,154
(92.7)

8847
(92.0)

32,136
(93.1)

50,174 (90.0) 18,647 (93.0) 39,485
(87.9)

56,178 (84.0) 13,290
(89.7)

Sex - Baby

Male 235,529
(51.0)

4821
(50.1)

17,646
(51.1)

28,648 (51.4) 10,264 (51.2) 23,044
(51.3)

34,307 (51.3) 7504 (50.7) = 0.179

Female 226,374
(49.0)

4795
(49.9)

16,887
(48.9)

27,089 (48.6) 9782 (48.8) 21,899
(48.7)

32,576 (48.7) 7310 (49.3)

Gestational Age Grouped

Preterm < 37
weeks

63,312 (13.7) 1186
(12.3)

4065 (11.8) 6334 (11.4) 2686 (13.4) 6665 (14.8) 10,117 (15.1) 1849 (12.5) < 0.001

Term ≥37
weeks

398,591
(86.3)

8430
(87.7)

30,468
(88.2)

49,403 (88.6) 17,360 (86.6) 38,278
(85.2)

56,766 (84.9) 12,965
(87.5)

Relationship Status

In a
Relationship

388,233
(85.4)

8988
(94.4)

32,154
(94.0)

51,882 (93.7) 16,440 (82.9) 40,559
(90.9)

65,873 (98.8) 12,639
(85.9)

< 0.001

Not in a
relationship

66,453 (14.6) 538 (5.6) 2039 (6.0) 3492 (6.3) 3400 (17.1) 4048 (9.1) 810 (1.2) 2077 (14.1)

Maternal Age Grouped

< 20 11,703 (2.5) 32 (0.3) 124 (0.4) 503 (0.9) 559 (2.8) 285 (0.6) 156 (0.2) 192 (1.3) < 0.001

20–35 358,684
(77.7)

6822
(71.0)

24,206
(70.1)

44,953 (80.7) 15,223 (76.0) 34,707
(77.2)

60,138 (89.9) 11,368
(76.7)

35+ 91,311 (19.8) 2757
(28.7)

10,187
(29.5)

10,274 (18.4) 4257 (21.2) 9945 (22.1) 6579 (9.8) 3252 (22.0)

Parity

Multiparous 263,087
(57.0)

5057
(52.6)

18,783
(54.4)

30,998 (55.6) 12,692 (63.3) 25,237
(56.2)

32,205 (48.2) 9767 (66.0) < 0.001

Nulliparous 198,771
(43.0)

4557
(47.4)

15,745
(45.6)

24,734 (44.4) 7349 (36.7) 19,701
(43.8)

34,670 (51.8) 5041 (34.0)

Maternal SEIFA

Advantage 179,694
(41.6)

4863
(53.4)

17,377
(53.1)

20,896 (39.3) 6616 (34.8) 13,599
(31.6)

18,465 (29.2) 4774 (33.9) < 0.001

Average 89,356 (20.7) 1703
(18.7)

6218 (19.0) 9766 (18.3) 3741 (19.7) 6938 (16.1) 13,194 (20.8) 2115 (15.0)

Disadvantage 162,815
(37.7)

2541
(27.9)

9144 (27.9) 22,571 (42.4) 8679 (45.6) 22,511
(52.3)

31,651 (50.0) 7189 (51.1)

Maternal Health and Health Behaviours

Body Mass Index

< 18.5 12,653 (2.9) 259 (2.9) 905 (2.8) 1663 (3.2) 520 (2.8) 1434 (3.4) 2242 (3.6) 416 (3.1) < 0.001

18.5–24.99 215,510
(50.2)

4521
(51.1)

15,999
(50.2)

26,570 (51.6) 9257 (49.5) 21,814
(52.3)

32,425 (52.1) 6891 (51.0)

> 25 201,141
(46.9)

4071
(46.0)

14,972
(47.0)

23,278 (45.2) 8919 (47.7) 18,435
(44.2)

27,541 (44.3) 6211 (45.9)

Smoking before 20wks
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Table 1 Unadjusted characteristics of the study population (n = 708,475) stratified maternal region of origin (Continued)

Region of
Origin

Australia Americas Europe North East, North
Africa, Middle East

Oceania,
Antarctica

South
East Asia

Southern,
Central Asia

Sub-
Saharan
Africa

n = 461,903
(65.2%)

n = 9616
(1.4%)

n = 34,533
(7.9%)

n = 55,737 (7.9%) n = 20,046
(2.8%)

n = 44,943
(6.3%)

n = 66,883
(9.4%)

n = 14,814
(2.1%)

Demographics N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) p value

Smoker 60,786 (13.4) 366 (3.9) 2469 (7.2) 1490 (2.7) 3296 (16.8) 968 (2.2) 285 (0.4) 445 (3.0) < 0.001

Non-
Smoker

393,058
(86.6)

9136
(96.1)

31,648
(92.8)

53,622 (97.3) 16,288 (83.2) 43,615
(97.8)

66,384 (99.6) 14,251
(97.0)

Smoking after 20wks

Smoker 32,872 (8.5) 114 (1.3) 951 (3.2) 613 (1.2) 1873 (10.8) 323 (0.8) 77 (0.1) 173 (1.3) < 0.001

Non-
Smoker

352,354
(91.5)

8413
(98.7)

28,943
(96.8)

50,486 (98.8) 15,421 (89.2) 40,277
(99.2)

61,892 (99.9) 13,060
(98.7)

Gestational Age 1st visit

Before 11
weeks

222,760
(48.8)

4391
(46.2)

15,280
(44.7)

21,824 (39.5) 6328 (32.0) 16,386
(36.8)

22,453 (33.8) 4786 (32.7) < 0.001

12 to 23
weeks

202,110
(44.2)

4471
(47.0)

16,817
(49.2)

28,276 (51.2) 10,039 (50.7) 24,050
(54.0)

38,399 (57.8) 8210 (56.2)

After 23
weeks/no
care

31,976 (7.0) 644 (6.8) 2098 (6.1) 5139 (9.3) 3427 (17.3) 4113 (9.2) 5621 (8.5) 1691 (11.1)

Maternal Medical and Pregnancy Complications

Type 1 Diabetes

Yes 1863 (0.4) 18 (0.2) 85 (0.2) 90 (0.2) 82 (0.4) 97 (0.2) 303 (0.5) 51 (0.3) < 0.001

No 460,040
(99.6)

9598
(99.8)

34,448
(99.8)

55,647 (99.8) 19,964 (99.6) 44,846
(99.8)

66,580 (99.5) 14,763
(99.7)

Type 2 Diabetes

Yes 717 (0.2) 21 (0.2) 38 (0.1) 150 (0.3) 103 (0.5) 162 (0.4) 386 (0.6) 88 (0.6) < 0.001

No 461,186
(99.8)

9595
(99.8)

34,495
(99.9)

55,587 (99.7) 19,943 (99.5) 44,781
(99.6)

66,497 (99.4) 14,726
(99.4)

Pre-existing Hypertension

Yes 6039 (1.3) 117 (1.2) 333 (1.0) 344 (0.6) 256 (1.3) 449 (1.0) 539 (0.8) 174 (1.2) < 0.001

No 455,864
(98.7)

9499
(98.8)

34,200
(99.0)

55,393 (99.4) 19,790 (98.7) 44,494
(99.0)

66,344 (99.2) 14,640
(98.8)

Gestational Diabetes -Diet

Yes 18,506 (4.0) 467 (4.9) 1668 (4.8) 5379 (9.7) 1191 (5.9) 5283 (11.8) 8399 (12.6) 1046 (7.1) < 0.001

No 443,397
(96.0)

9149
(95.1)

32,865
(95.2)

50,358 (90.3) 18,855 (94.1) 39,660
(88.2)

58,484 (87.4) 13,768
(92.9)

Gestational Diabetes - Insulin

Yes 12,769 (2.8) 315 (3.3) 974 (2.8) 2835 (5.1) 889 (4.4) 2503 (5.6) 6663 (10.0) 740 (5.0) < 0.001

No 449,134
(97.2)

9301
(96.7)

33,559
(97.2)

52,902 (94.9) 19,157 (95.6) 42,440
(94.4)

60,220 (90.0) 14,074
(95.0)

Pre-Eclampsia

Yes 10,332 (2.2) 144 (1.5) 582 (1.7) 590 (1.1) 510 (2.5) 697 (1.6) 1205 (1.8) 309 (2.1) < 0.001

No 451,571
(97.8)

9472
(98.5)

33,951
(98.3)

55,146 (98.9) 19,536 (97.5) 44,246
(98.4)

65,678 (98.2) 14,505
(97.9)

HELLP Syndrome

Yes 732 (0.2) 13 (0.1) 56 (0.2) 58 (0.1) 37 (0.2) 59 (0.1) 108 (0.2) 47 (0.3) < 0.001

No 461,171
(99.8)

9603
(99.9)

34,477
(99.8)

55,679 (99.9) 20,009 (99.8) 44,844
(99.9)

66,775 (99.8) 14,767
(99.7)
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SGA child than women able to access maternity care be-
fore 12 weeks gestation (95%CI:1.21 to 1.30, p < .001).
The risk of SGA increased in proportion to the severity
of hypertensive disorders from 27% more likely with
pre-existing hypertension, 45% more likely with pre-
eclampsia, to 72% more likely with HELLP syndrome
(p < .001). Type 1 diabetes (aOR 0.35, 95%CI:0.27 to
0.45, p < .001), type 2 diabetes (aOR 0.74, 95%CI:0.59 to
0.93, p < .05) and gestational diabetes treated with Insu-
lin (aOR 0.83, 95%CI:0.78 to 0.87, p < .001), decreased
the odds of SGA compared to women without these
conditions. Women with suspected fetal growth restric-
tion were over 10.47 times more likely to birth an SGA
child than women not suspected of fetal growth restric-
tion (95%CI:10.19 to 10.76, p < .001).

Discussion
The prevalence of SGA in the population of Victorian
women who gave birth between 2009 and 2018 was
higher for migrant women than women born in
Australia. When compared to Australian born women,
the highest prevalence of SGA was for migrant women
from the regions Southern Central Asia, South East Asia,
and sub-Saharan Africa, followed by migrant women
from North Africa, North East Africa, the Middle East,
the Americas and was lowest for migrant women from
the Europe, Oceania, and Antarctica. These findings
were consistent after adjustment for potential confound-
ing factors indicating a woman’s region of origin was a
strong predictor of SGA in Victoria.
Women in our study population from regions with a

higher proportion of low- and middle-income countries,
such as Southern Central Asia, South East Asia and sub-
Saharan Africa had a higher prevalence of SGA com-
pared to women from high income regions such as Eur-
ope or Australia. These findings confirm a woman’s
region of origin is associated with her risk for SGA. A
potential explanation for this associated risk may be a
woman’s preconception exposures to conditions that in-
fluence her reproductive health and therefore her

potential to birth an SGA child. A woman’s context
prior to migration shapes her wellbeing and sets the
scene for her migration journey: growing up in a high-
income country allows access to resources, such as uni-
versal education, food security and health care, that may
not be available to all women in low- and middle-
income countries.
The level of gender equality, conflict and stability of

her environment influences a woman’s reason for migra-
tion: a voluntary migration for employment or education
is a very different journey to one that is forced due to
conflict or natural disaster [59]. In 2018, over 70 million
people were escaping persecution and conflict, a forced
migration leaving them exposed to human rights abuse,
trauma, and human trafficking [60]. How a woman ar-
rives in a new country determines her access to re-
sources such as health care, employment, and freedom
of movement, via complex visa systems and associated
visa privileges or barriers [61]. Migration becomes a so-
cial determinant of SGA via pathways of the migration
context [62], differential access to social resources dur-
ing settlement [42, 63] and potential exposures to ra-
cially determined discrimination in a new country [41,
64, 65].
Previous research has identified the birthweights of

migrant children increase over time to align with the
birthweights of children born to women from the settle-
ment country, irrespective of a woman’s geographical
origin or ancestry [66]. Key factors in achieving this
birthweight increase were comprehensive settlement
policies that were responsive to the needs of migrant
women [67]. This adjustment in birthweight after re-
settlement suggests the birthweight potential of migrant
offspring is not fixed according to the woman’s ancestry,
geographical origin, or preconception exposures. Rather,
the context of migration, settlement conditions and the
social environment post-migration also impact the po-
tential for SGA [67].
Our research was not designed to measure the influ-

ence of pre- and post-migration conditions; however, we

Table 1 Unadjusted characteristics of the study population (n = 708,475) stratified maternal region of origin (Continued)

Region of
Origin

Australia Americas Europe North East, North
Africa, Middle East

Oceania,
Antarctica

South
East Asia

Southern,
Central Asia

Sub-
Saharan
Africa

n = 461,903
(65.2%)

n = 9616
(1.4%)

n = 34,533
(7.9%)

n = 55,737 (7.9%) n = 20,046
(2.8%)

n = 44,943
(6.3%)

n = 66,883
(9.4%)

n = 14,814
(2.1%)

Demographics N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) p value

Suspected Fetal Growth Restriction

Yes 19,766 (4.3) 370 (3.8) 1276 (3.7) 3156 (5.7) 784 (3.9) 2564 (5.7) 5454 (8.2) 681 (4.6) < 0.001

No 442,137
(95.7)

9246
(96.2)

33,257
(96.3)

52,581 (94.3) 19,262 (96.1) 42,397
(94.3)

61,429 (91.8) 14,133
(95.4)

1. N (%) number and percentage. 2. BMI body mass index. 3. Suspected FGR suspected fetal growth restriction. 4. HELLP haemolysis, elevated liver enzymes and
low platelet count. 5. SEIFA socioeconomic indexes for areas
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were able to identify additional factors to region of ori-
gin and SEIFA that were associated with SGA in
Victoria. Consistent with other studies, we identified
underweight women were more likely to birth an SGA
child than women who were a healthy weight [13, 23,

24, 26, 68], confirming the importance of food security
and appropriate gestational weight gain during preg-
nancy. As previously described, appropriate gestational
weight gain is a modifiable factor influenced in part by
access to social resources [13, 26]. In 2020, over 2 mil-
lion migrants in Australia were on temporary student or
work visas and ineligible to access social safety nets, the
largest proportion of these being migrants from Asian
regions [69, 70]. Migrant women from Southern Central
Asia and South East Asian regions experienced the high-
est estimated risk of SGA in this study population.
We also identified women who were unable to access

maternity care until after 24 weeks gestation or not at all
were more likely to birth an SGA child when compared to
women able to access care prior to 24 weeks gestation.
Previous studies have found migrant Asian and African
women in Victoria were more likely to present late for
pregnancy care and to have poor or no care [71]. There
are many structural barriers that create inequality in ac-
cess to pregnancy care in high income countries [42, 72,
73]. The tiered system of public and private funded mater-
nity care in Australia creates a financial barrier for migrant
women on temporary visas. These women are ineligible
for Medicare funded maternity care unless there is a recip-
rocal arrangement between Australia and their country of
origin [69]. The mandated pre migration private health in-
surance associated with temporary student and work visas
often results in no pregnancy cover or significant out of
pocket the costs [74].
Migrant women have also reported experiences of sys-

temic racism both in their everyday context and whilst
accessing maternity care in Australia [75–77]. A review of
non-English speaking migrant women’s experiences of
maternity care in Victoria [78] identified no evidence of
improvements over an 8-year period. Experiences of sys-
temic racism in the context of factors such as geographical
location, health literacy and staff cultural competency cre-
ate barriers for migrant women to access maternity care
[77]. Our findings of a decreased ability to access mater-
nity care associated with an increased potential to birth an
SGA child highlights the importance of addressing the
barriers pregnant women experience to access culturally
safe maternity care and social resources in Victoria.

Strengths and limitations
The strength of this study is the large sample size which
enabled analyses for the outcome of SGA across smaller
population subgroups. Further, the quality of the VPDC
has previously been validated for conservative analysis of
associations which strengthens the generalisability of the
findings to the population of Victoria. Data was predom-
inantly complete on the key variables SGA and maternal
region of origin; therefore, missing data was not a major
problem for analysis. The study controlled for a number

Table 2 The association between known risk factors (including
Migration Status) and SGA

Variable SGA aOR (95%CI)

Marital Status In a Relationship r 1

Not in a Relationship 1.08 (1.04 to 1.11) ***

Age Group
(years)

< 20 0.90 (0.84 to 0.97) **

20 to 35 r 1

35+ 1.07 (1.04 to 1.10) ***

Parity Primiparous 2.01 (1.97 to 2.06) ***

Multiparous r 1

BMI Underweight 1.61 (1.54 to 1.69) ***

Healthy Weight r 1

Overweight 0.77 (0.76 to 0.79) ***

Smoking before
20wks

Yes 1.12 (1.04 to 1.18) **

No r 1

Smoking after
20wks.

Yes 2.25 (2.10 to 2.41) ***

No r 1

Gestational Age
at 1st Visit

Before 11 weeks r 1

12 to 23 weeks 1.09 (1.07 to 1.12) ***

24 weeks /no care 1.25 (1.21 to 1.30) ***

Type 1 Diabetes Yes 0.35 (0.27 to 0.45) ***

No r 1

Type 2 Diabetes Yes 0.74 (0.59 to 0.93) *

No r 1

Pre-existing
Hypertension

Yes 1.27 (1.16 to 1.38) ***

No r 1

Gestational
Diabetes - Diet

Yes 1.04 (1.00 to 1.08) *

No r 1

Gestational
Diabetes - Insulin

Yes 0.83 (0.78 to 0.87) ***

No r 1

Preeclampsia Yes 1.45 (1.37 to 1.54) ***

No r 1

HELLP Syndrome Yes 1.72 (1.42 to 2.08) ***

No r 1

Suspected FGR Yes 10.47 (10.19 to 10.76)
***

No r 1

Migration Status Australia Born
Women r

1

Migrant Women 1.76 (1.73 to 1.80) ***

1. Birthweight Adjusted for Sex and Gestational Age. 2. r reference. 3. ***p <
0.001, ** p < 0.01, *p < 0.05
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of confounding factors identified in previous research,
which facilitated examination of independent associa-
tions. Some of the findings from our research regarding
the influence of confounding factors and their associ-
ation with SGA were similar to those from previous
studies.
Our study design was unable to establish causal rela-

tionships between SGA and migrant status but does
demonstrate an association between a woman’s region of
origin and SGA. The accuracy of self-reported region of
origin has not been established. However, the measure
has been validated to be useful for initial analyses of
health outcomes for migrant women in population data
[48]. The concept of socioeconomic status are complex,
and use of SEIFA as a broad measure of relative socio-
economic status prevents the identification of which ele-
ments of the SEIFA variable contribute to differences in
health [56]. The data set used for analysis did not permit
the identification of what elements of being a migrant

woman, what countries in each region, or what elements
of the SEIFA measure contributed to the risk of SGA.
In the present study we conducted regression analysis

for odds of SGA irrespective of gestational age which
may raise question of the influence of prematurity on
the results as premature babies are more likely to be
SGA and spontaneous prematurity is also influenced by
a range of sociocultural factors. It is important to note
that we did perform logistic regression analysis for the
term >37wks cases to give insight into the potential in-
fluence of prematurity on the odds of SGA. Review of
aOR’s for term neonates indicated minimal difference
for aOR and 95%CI across regions of origin when com-
pared to the analysis of aOR and 95%CI for all gestations
combined. Therefore, we presented the odds ratio for
SGA using the total SGA and gestational age was ad-
justed for in the analysis.
Prematurity is also a recognised limitation when using

population growth standards [79]. In response, some au-
thors would advocate for the use of a customised growth
standard rather than a population growth standard to
negate the confounding effect of prematurity [52]. How-
ever, customised growth standards cannot distinguish
between the physiological or pathological characteristics
of fetal growth [80] and thus may mask pathological
growth restriction [79]. In addition, customising fetal
growth standards assume a baby may be constitutionally
small based on the mother’s geographical origins or eth-
nicity. Whilst there may always be babies born healthy
and small, the INTERGROWTH-21st studies [17] have
demonstrated improvements in fetal and neonatal well-
being can be achieved across all population groups.
When a woman’s health and nutrition needs were met
in an environment conducive to wellbeing, only 3.5% of
variation in fetal and newborn growth across population
groups was due to differences in ancestry [16].
This study has addressed an important question regard-

ing SGA that has direct clinical relevance. Understanding

Table 3 Adjusted odds ratio (95%CI) the association between
SGA and maternal region of origin

Maternal Region of Origin SGA aOR (95%CI)

Australia Born Women r 1

Americas 1.24 (1.14 to 1.36) ***

North Africa, North East Africa, Middles East 1.57 (1.52 to 1.63) ***

Europe 1.03 (0.98 to 1.09)

Oceania, Antarctica 0.97 (0.91 to 1.40)

Southern Central Asia 2.58 (2.50 to 2.66) ***

South East Asia 2.02 (1.95 to 2.01) ***

Sub-Saharan Africa 1.80 (1.69 to 1.92) ***

1. Birthweight Adjusted for Sex and Gestational Age. 2. r reference. 3. ***p <
0.001. * p < 0.05. 4. Confounding variables included, marital status, maternal
age group, parity, BMI, height group, smoking before or after 20 weeks
gestation, gestational age at first visit, type 1 diabetes pre-existing
hypertension, gestational diabetes -insulin, pre-eclampsia, HELLP syndrome,
suspected FGR

Table 4 The association between SGA and maternal region of origin stratified SEIFA advantage, average, disadvantaged

SGA Stratified by Maternal SEIFA, OR (95%CI)

Maternal Region of Origin SEIFA Advantaged SEIFA Average SEIFA Disadvantaged

Australia r 1 1 1

Americas 1.46 (1.22 to 1.75) *** 1.00 (0.80 to 1.26) 1.22 (0.98 to 1.54)

North & North East Africa, Middle East 1.64 (1.51 to 1.78) *** 1.58 (1.45 to 1.72) *** 1.51 (1.38 to 1.65) ***

Europe 1.10 (0.98 to 1.22) 1.02 (0.90 to 1.15) 0.94 (0.83 to 1.08)

Oceania, Antarctica 1.04 (0.89 to 1.23) 0.97 (0.81 to 1.14) 0.95 (0.81 to 1.10)

South East Asia 2.06 (1.88 to 2.60) *** 2.10 (1.92 to 2.30) *** 1.84 (1.68 to 2.01) ***

Southern Central Asia 2.71 (2.52 to 2.91) *** 2.65 (2.48 to 2.83) *** 2.54 (2.38 to 2.72) ***

Sub–Saharan Africa 1.83 (1.75 to 1.91) *** 1.89 (1.60 to 2.23) *** 1.75 (1.48 to 2.06) ***

1. Birthweight Adjusted for Sex and Gestational Age. 2. r reference. 3. ***p < 0.001. 4. Confounding variables included, marital status, maternal age group, parity,
BMI, height group, smoking before or after 20 weeks gestation, gestational age at first visit, type 1 diabetes pre-existing hypertension, gestational diabetes
-insulin, pre-eclampsia, HELLP syndrome, suspected FGR
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the different factors that lead to population group differ-
ences in being born SGA is essential if we are to address
these and achieve an equitable and inclusive future for all
women and children. A balanced approach is required to
identify effective preventative strategies that do not con-
tribute to inappropriate intervention in pregnancy for
healthy small babies. To our knowledge this is the first
study to measure the association between migration and
SGA for the total population of women birthing in
Victoria.

Conclusions
A woman’s region or origin was found to be an inde-
pendent factor associated with birthing an SGA child in
Victoria, suggesting elements of migration and settle-
ment contribute to significant differences in the risk as-
sociated with SGA. These findings indicate a call to
action on both short- and long-term commitments to
targeted initiatives is required. Ensuring access to mater-
nity care is an essential first step to achieve intergenera-
tional improvements in the wellbeing of migrant women
and their children. Further research is required to deter-
mine which aspects of the migration and settlement ex-
periences can be modified to reduce the risk of SGA and
therefore avoid the long-term consequences that flow
from this.
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