Open access Original research

Benefits of not smoking during
pregnancy for Australian Aboriginal
and Torres Strait Islander women and
their babies: a retrospective cohort study

BM)J Open

To cite: Mclnerney C, Ibiebele |,

Ford JB, et al. Benefits of not
smoking during pregnancy

for Australian Aboriginal

and Torres Strait Islander
women and their babies: a
retrospective cohort study
using linked data. BMJ Open
2019;9:032763. doi:10.1136/
bmjopen-2019-032763

» Prepublication history for
this paper is available online.
To view these files, please visit
the journal online (http://dx.doi.
org/10.1136/bmjopen-2019-
032763).

Received 06 July 2019
Revised 22 October 2019
Accepted 23 October 2019

| '.) Check for updates

© Author(s) (or their
employer(s)) 2019. Re-use
permitted under CC BY-NC. No
commercial re-use. See rights
and permissions. Published by
BMJ.

For numbered affiliations see
end of article.

Correspondence to

A/Prof Siranda Torvaldsen;
siranda.torvaldsen@sydney.
edu.au

using linked data

Carol Mclnerney

.2 Ibinabo Ibiebele,’ Jane B Ford,"® Deborah Randall,’*

Jonathan M Morris,* David Meharg,*>® Jo Mitchell,” Andrew Milat,®

Siranda Torvaldsen @ '°

ABSTRACT

Objectives To provide evidence for targeted smoking
cessation policy, the aim of this study was to compare
pregnancy outcomes of Aboriginal mothers who reported
not smoking during pregnancy with Aboriginal mothers
who reported smoking during pregnancy.

Design Population based retrospective cohort study using
linked data.

Setting New South Wales, the most populous Australian
state.

Population 18154 singleton babies born to 13477
Aboriginal mothers between 2010 and 2014 were
identified from routinely collected New South Wales
datasets. Aboriginality was determined from birth records
and from four linked datasets through an Enhanced
Reporting of Aboriginality algorithm.

Exposure Not smoking at any time during pregnancy.
Main outcome measures Unadjusted and adjusted
relative risks (aRR) and 95% Cls from modified Poisson
regression were used to examine associations between
not smoking during pregnancy and maternal and perinatal
outcomes including severe morbidity, inter-hospital
transfer, perinatal death, preterm birth and small-for-
gestational age. Population attributable fractions (PAFs)
were calculated using adjusted relative risks.

Results Compared with babies born to mothers who
smoked during pregnancy, babies born to non-smoking
mothers had a lower risk of all adverse perinatal outcomes
including perinatal death (aRR=0.58, 95% Cl 0.44 t0 0.76),
preterm birth (aRR=0.58, 95% Cl 0.53 to 0.64) and small-
for-gestational age (aRR=0.35, 95% Cl 0.32 to 0.39). PAFs
(%) were 27% for perinatal death, 26% for preterm birth
and 48% for small-for-gestational-age. Compared with
women who smoked during pregnancy (n=8919), those
who did not smoke (n=9235) had a lower risk of being
transferred to another hospital (aRR=0.76, 95% Cl 0.66 to
0.89).

Conclusions Babies born to women who did not smoke
during pregnancy had a lower risk of adverse perinatal
outcomes. Rates of adverse outcomes among Aboriginal
non-smokers were similar to those among the general
population. These results quantify the proportion of

Strengths and limitations of this study

» The first study to examine the association between
not smoking in pregnancy and pregnancy outcomes
among Aboriginal women.

» A large population-based cohort study using whole-
of-population linked data.

» Toimprove ascertainment of Aboriginal status, which
is under-recorded on routinely collected health
datasets, we linked four databases and applied an
Enhanced Reporting of Aboriginality algorithm.

» The inclusion of population attributable fractions
quantifies the potential reduction in adverse perina-
tal outcomes if it was possible to reduce the smok-
ing during pregnancy rate to zero.

» Data on history, heaviness, or passive smoking were
not available, nor were data on some potential con-
founders such as alcohol consumption.

adverse perinatal outcomes due to smoking and highlight
why effective smoking cessation programme are urgently
required for this population.

INTRODUCTION

In 2008 the Australian federal, state and terri-
tory governments committed to reducing
the national adult daily smoking rate by
2018, including halving the Aboriginal adult
smoking rate." Although smoking rates have
substantially declined over this time, they
remain high among pregnant Aboriginal
women. In 2016, 41% of all pregnant Aborig-
inal women reported smoking at some time
during their pregnancy compared with just
7% of non-Aboriginal women.® Smoking
during pregnancy is the ‘most important
preventable risk factor for maternal and
infant health’,” thus smoking cessation for
pregnant Aboriginal women remains a key
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priority for New South Wales (NSW) Health.* For the
purposes of this study, Aboriginal and/or Torres Strait
Islander people were considered together in one group.
The reason for this was the small proportion of Torres
Strait Islander people living in NSW (an estimated 2.6%
of all females of Aboriginal and/or Torres Strait Islander
descent’) and that some people were recorded as both.
We respectfully use the term Aboriginal as Aboriginal
people are the original inhabitants of NSW.°

Australia’s anti-tobacco campaigns and smoking cessa-
tion strategies are among the most comprehensive in the
world, and there is growing evidence that programmes
specifically targeted to Aboriginal Australians are more
effective.” There have been several campaigns to promote
smoking cessation among pregnant Aboriginal mothers
with varying efficacy.® To date these have been grounded
in evidence from a general population. Although the
benefits of not smoking during pregnancy are unlikely to
be any different for Aboriginal mothers from the general
population, quantifying the benefits of not smoking
among Aboriginal mothers may be regarded as more
relevant by this population and thus have the potential to
influence smoking cessation. The benefits of not smoking
during pregnancy are well established,”" but no previous
studies have demonstrated associations between not
smoking in pregnancy and positive pregnancy outcomes
among Aboriginal women. This study aims to compare
pregnancy outcomes of mothers who reported not
smoking during pregnancy with those who reported any
smoking during pregnancy from the Aboriginal popu-
lation of NSW. Findings from this study will provide the
most relevant evidence to date for pregnant Aboriginal
women.

METHODS

Study population and data sources

The study population consisted of all singleton babies
born to Aboriginal women residing in NSW between 1
January 2010 and 31 December 2014 and their mothers.
This population-based retrospective cohort study used
linked data from routinely collected NSW datasets. The
study population was identified from all records in the
NSW Perinatal Data Collection (‘birth data’) for the
period 1 January 2010 to 31 December 2014. All births
in the population, including births at NSW public and
private hospitals and home births are recorded in the
birth data. This surveillance system includes all live births
and stillbirths of at least 400 g birth weight or at least 20
weeks gestation.'

All deaths within NSW are registered in the Registry
of Births, Deaths and Marriages and fact of death was
retrieved from these data between 1 January 2010 and
31 December 2015. Public and private hospital admis-
sion records were drawn from the NSW Admitted Patient
Data Collection (‘hospital data’) for admissions from 1
September 2009 to 31 December 2014. An additional 4
months of hospital data were retrieved prior to the start

of the study period to allow for admissions to hospital
for births early in 2010. Diagnoses coded in the hospital
data are applied according to the International Classifi-
cation of Diseases, Australian Modification (ICD-10-AM).
Records within and across all datasets were probabilisti-
cally linked using personal identifiers by the NSW Centre
for Health Record Linkage with an estimated false linkage
rate of less than 5 per 1000 records.” Hospital birth
records were those where the birth was recorded to have
occurred between the mother’s admission and discharge
dates using the linked birth data. It’s estimated that 96%
of records from the birth data link to the mother’s and
infant’s hospital records from the birth.'®

Aboriginal women were defined as those who were
recorded as Australian Aboriginal in the birth data or
who were assigned Aboriginal status according to the
Enhanced Reporting of Aboriginality (ERA) algorithm.

Enhanced Reporting of Aboriginality

It is widely acknowledged that Aboriginal status is under-
recorded on routinely collected health datasets nation-
wide.'” Enhancement of reporting of Aboriginal people
using linked records creates a statistical construct that
results in improved information about Aboriginal people.
It does not define a person as being Aboriginal, nor does it
replace efforts to improve the overall quality of recording
Aboriginal status at the point of care.

Information surrounding individuals’ Aboriginal status
was pooled via linkage of the birth data, NSW Registry
of Births, Deaths and Marriages birth registrations,
hospital data and the NSW Emergency Department Data
Collection. Using this information, a weight of evidence
surrounding a woman’s Aboriginal status was determined
by a multistage median algorithm.'® Since multiple data-
sets were used and some women had multiple records in
each of these datasets, the algorithm initially assigned a
separate status for each woman and dataset. Aboriginal or
Torres Strait Islander status was assigned to a mother if:
one or two linked records were available and at least one
reported her as Aboriginal; three or more linked records
were available and at least two reported her as Aboriginal.
A comparable algorithm using datasetspecific statuses
instead of records was used to determine the inclusion of
each woman in the study population.

The enhanced reporting of Aboriginality is a tech-
nique used by many research groups.'”" Although this
combination of datasets and algorithm has not been
used before, similar methods have been found to mini-
mise the risk of incorrect inclusion while capturing more
women than simply relying on a single record.”” Details
on the algorithm, the data used and the mothers identi-
fied through the ERA have been described in more detail
elsewhere.”

Exposure

The exposure of interest for this study was not smoking
at any time during pregnancy. Mothers who reported not
smoking during pregnancy will henceforth be referred
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to as non-smokers and those who reported any smoking
during pregnancy are referred to as smokers. To increase
ascertainment, birth data and mother’s hospital birth
record(s) were used to assign smoking status. If the birth
data indicated that a mother smoked at any time during
her pregnancy and/or recorded her as a current smoker
within the hospital birth record(s) (according to the
ICD-10-AM diagnosis codes Z72.0 and F17) then she was
considered to be a smoker. The sensitivity and specificity
of current smoking from the most recent separation in the
hospital data is estimated to be 58.5% and 98.4%, respec-
tively.”* Where a mother had multiple hospital records
associated with the birth and those records contradicted
each other according to smoking status, her smoking
status defaulted to that recorded in the birth data.

Outcomes

Maternal outcomes were identified using the birth data
and the mother’s hospital birth record and included two
binary outcomes: severe maternal morbidity and inter-
hospital transfer. Severe maternal morbidity was defined
using a validated composite indicator that captures a
broad range of diagnoses and procedures such as cardiac
arrest, renal failure or assisted ventilation.”? Mothers
requiring inter-hospital transfer were defined as those
with at least one record with a mode of separation indi-
cating transfer or where multiple hospitalisation records
were present with differing hospital codes.

Perinatal outcomes, including birth outcomes and
those occurring within the first 28 days of life for the baby
were retrieved from the birth data and the baby’s linked
hospital and birth registration records. These included
perinatal death (stillbirth and neonatal death), preterm
birth (<37 completed weeks of gestation), and small for
gestational age (birth weight <8rd and/or 10th percentile
for sex and age®’). Admissions to a special care nursery
(SCN) or neonatal intensive care unit (NICU) were
assessed among an eligible population of babies born in
a hospital classified as level 3 or above (NSW Ministry of
Health’s Guide to the Role Delineation of Hospitals) or a private
hospital. Severe neonatal morbidity, measured according
to a validated composite indicator,”” was assessed among
all live births.

Covariates

Maternal age and parity were reported according to the
birth data. The mother’s chronic conditions, hyperten-
sion and diabetes information were obtained from the
birth data and the hospital birth record(s). We used
the broad category of any hypertension rather than the
specific categories of chronic hypertension, pregnancy
hypertension, pre-eclampsia and eclampsia, as there is
known misclassification among types of hypertension.”
The NSW ranking of the Australian Bureau of Statistics
2011 Socio-Economic Index for Areas (SEIFA) Index
of Relative Socio-Economic Disadvantage and the 2011
Remoteness Areas were used to assess the mother’s relative
socioeconomic status and access to services, respectively.

Where available, the mother’s 2011 Statistical Local Area
(SLA) according to her birth data was used to assign
these measures. Otherwise, and for all babies born in
2010, the mother’s 2010 SLA was used. Hospital type is an
indicator of the size of a hospital and its location (urban
or regional)® and was assigned using the hospital code
recorded in the birth data.

Statistical analyses

The study population was described using frequencies
and percentages by potential confounders and the moth-
er’s smoking status. Summary statistics were calculated by
mother’s smoking status to investigate the associations
between smoking during pregnancy and maternal and
child outcomes. To estimate the unadjusted and adjusted
relative risk (RR) of binary outcomes while accounting
for the correlation within the data (some mothers had
more than one baby during the study period), an exten-
sion to the modified Poisson regression® was used with
an unstructured correlation matrix. Those observations
where data were missing for an outcome were excluded
from analysis for that outcome. SAS for Windows V.9.4
was used for all data manipulation and analysis.

In view of the established causal relationship between
smoking and adverse perinatal outcomes, we quantified
the proportion and number of adverse perinatal outcomes
that would not have occurred in this population if all the
mothers had been non-smokers during pregnancy. We
used the formula: Population attributable fraction (PAF)
=[P (RR-1)]/RR, where P_is the proportion of babies
with the outcome whose mothers smoked and RR is the
adjusted RR for smokers. The RR is the inverse of the RR
for non-smokers.

Patient and public involvement

An Aboriginal advisory committee was consulted prior to
submission of the study proposal to ethics committees and
throughout the process. The committee provided guid-
ance on presentation and interpretation of results. It was
of particular importance to members of the committee
that the results were framed positively, that is, the benefits
of not smoking, rather than the risks of smoking. It was
also important to committee members that all compari-
sons were among Aboriginal women and that Aboriginal
women were not compared with non-Aboriginal women.
There are plans to develop culturally appropriate educa-
tional material based on the results of this research and in
collaboration with Aboriginal Health Workers and others
involved in the care of Aboriginal women who are preg-
nant or may be planning a pregnancy.

RESULTS

Following exclusion of duplicates (n=76), a total of
487388 babies were born to 379116 mothers in NSW
and were assessed for inclusion in this study. Records for
16904 babies born to 12720 mothers who were recorded
as Aboriginal in the birth data were available for analysis.
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Assessed for eligibility
2010-14

Babies=487,388
Mothers=379,116

/

Enhanced Reporting of
Aboriginality Algorithm

Non-Aboriginal (PDC)
Babies=470,484 (96.5%)
Mothers=367,272 (96.9%)

Aboriginal (PDC) ERA

Babies=16,904 (3.5%)
Mothers=12,720 (3.4%)

Babies=1,921 (0.4%)
Mothers=1,624 (0.4%)

SRR SR SR

\/

All Aboriginal mothers
Babies=18,825
Mothers=13,708

Excluded all babies

from multiple births.

All Singletons
Babies=18,268
Mothers=13,560

Multiple births
Babies=557 (3.0%)
Mothers=148 (1.1%)

Excluded all babies from

mothers who were not
residents of NSW.

Interstate residency

Babies=114 (0.6%)

Study population
Babies=18,154
Mothers=13,477

Figure 1
Aboriginality; NSW, New South Wales.

An additional 1921 babies born to 1624 mothers were
identified as eligible for inclusion in the study using the
ERA. Of the total 18825 babies, 557 were from a multiple
birth and 114 were born to mothers who were not resi-
dents of NSW. These babies did not meet the eligibility
criteria and were excluded. Thus, the final study popula-
tion consisted of 18154 singleton babies born to 13477
Aboriginal mothers. Figure 1 outlines the flow of partici-
pants in this study.

Among the study population, 9235 (51%) babies were
born to non-smoking mothers and 8919 (49%) were born
to smoking mothers (table 1). Only two per cent of all
linked records had contradictory smoking statuses from
the birth and hospital data. For comparison, when smoking
status was assigned only according to the birth data, 52%
of babies were born to non-smoking mothers and 48%
were born to smoking mothers. Mothers who reported
not smoking at any time during their pregnancy were
generally less disadvantaged than their smoking coun-
terparts; approximately 8.1% of non-smoking mothers
were in the highest SEIFA quintile, compared with just
4.1% of smoking mothers. Non-smoking mothers were
older, lived in less remote regions and had fewer previous
pregnancies than smoking mothers. The number of non-
smoking mothers with hypertension (1106) was almost
double that of smoking mothers (578) and slightly more
non-smoking mothers had diabetes (table 1).

The majority (70%) of mothers only had one baby
during the study period however a substantial number
had multiple: 25% had two, 4.4% had three and 0.4%

Mothers =83 (0.6%)

Flow diagram of mothers and babies eligible for inclusion in the final study population. ERA, Enhanced Reporting of

had four. For 564 (4%) mothers, their smoking status
changed between pregnancies, 6814 (53%) mothers
reported not smoking in all pregnancies during the study
period and 6099 (47%) consistently reported smoking.
Of the 564 mothers whose smoking status changed
between pregnancies, 266 (47%) changed from smoking
to non-smoking, 271 (48%) changed from non-smoking
to smoking in all subsequent pregnancies and 27 (5%)
moved between smoker and non-smoker status.

The rate of severe maternal morbidity was low (<3%)
and not significantly different between smoking and non-
smoking mothers (table 2). The rate of inter-hospital
transfer was lower in the non-smoking group at 3.7%
compared with the smoking group (5.1%), with an
adjusted RR of RR=0.76 (95% CI 0.66 to 0.89).

Adverse perinatal outcomes occurred less frequently
among babies born to non-smoking mothers (table 3).
Perinatal deaths were rare in both populations; however,
the rate was lower in the non-smoking group with perinatal
death occurring in 1.0% of babies born to non-smoking
mothers, compared with 1.8% in smoking mothers. Also,
severe neonatal morbidity and admission to SCN or
NICU was less frequent in babies born to non-smoking
mothers when compared with those born to smoking
mothers. Overall, the gestational age of babies from the
non-smoking group was closer to term than those from
the smoking group; more babies born to non-smoking
mothers (66%) were born between 39 and 41 weeks than
those born to smoking mothers (55%). Preterm birth
was considerably less frequent among babies born to
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All births Non-smoking Smoking
n=18154 N_=9235 (51%) N_=8919 (49%)
n % n % n %

2010 3487 19 1740 50" 1747 50"

2012 3680 20 1833 50" 1847 50"

2014 3891 21 2080 53* 1811 47*

Under 20 3214 18 1568 17 1646 19

25-29 4608 25 2381 26 2227 25

35 and over 1589 8.8 848 9.2 741 8.3

Parity

1 4709 26 2589 28 2120 24

3+ 4072 22 1431 16 2641 30

SEIFA IRSD quintilest

Second 3674 20 1887 21 1787 20

Fourth 3068 17 1617 18 1451 16

Total 18059 100 9189 100 8870 100

Major cities 4193 23 2246 24 1947 22

Outer regional 6097 34 2966 32 3131 35

Very remote 595 3.3 245 2.7 350 4.0

Hospital level

Small and medium urban 308 1.7 178 1.8 130 1.5

Small regional 3441 19 1519 16 1922 22

Large regional 3897 21 1896 21 2001 22
Continued
Mclnerney C, et al. BMJ Open 2019;9:e032763. doi:10.1136/bmjopen-2019-032763 5
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Table 1 Continued

All births Non-smoking Smoking
n=18154 N, .=9235 (51%) N_=8919 (49%)
n % n % n %
Other 136 0.7 54 0.6 82 0.9
Total 18154 100 9235 100 8919 100
Chronic conditionst
Yes 343 1.9 147 1.6 196 2.2
Total 18154 100 9235 100 8919 100
Any hypertension
Yes 1684 9.3 1106 12 578 6.5
Total 18154 100 9235 100 8919 100
Any diabetes
Yes 1413 7.8 804 8.7 609 6.5
Total 18154 100 9235 100 8919 100

*Percentage of all births within each year.

TSocio-Economic Index for Areas—Index of Relative Socio-Economic Disadvantage (SEIFA IRSD). When ranking areas within NSW in order
of their relative disadvantage, the lowest 20% (most disadvantaged) fall in the first quintile and the highest 20% (least disadvantaged) fall in

fifth quartile.

+Chronic conditions encompasses renal, cardiac, thyroid, asthma, psychiatric, and other autoimmune conditions.*°

mothers who did not smoke during pregnancy; 8.2% of
births to non-smoking mothers were preterm compared
with 14% from smoking mothers. Similarly, babies born
to non-smoking mothers were less often small for gesta-
tional age, with 2.0% and 7.0% of these babies having a
birth weight below the 3rd and 10th percentiles, respec-
tively compared with 7.3% and 20% of babies of smoking
mothers. All RRs were less than 1, suggesting a reduced
risk of all adverse outcomes among babies born to non-
smoking mothers when compared with those born to
smoking mothers. Of note were the RRs for perinatal
death (RR=0.58, 95%CI 0.44 to 0.76), preterm birth
(RR=0.58, 95% CI 0.53 to 0.64) and small for gestational
age (<10th percentile; RR=0.35, 95% CI 0.32 to 0.39). As
indicated by the PAFs (%) in table 3, more than a quarter

of the perinatal deaths and preterm births were attribut-
able to smoking and almost half the small for gestational
age births. Among this cohort of babies, this equates to
68 perinatal deaths, 540 preterm births and 1131 small
for gestational age (<10th percentile) babies attributable
to smoking.

DISCUSSION

This study of a recent population of pregnant Aborig-
inal women clearly demonstrates improved pregnancy
outcomes among Aboriginal mothers who reported not
smoking during pregnancy when compared with Aborig-
inal mothers who reported smoking during pregnancy.
Benefits of not smoking were found for all the perinatal

Table 2 Frequencies of maternal outcomes at the time of birth of all Aboriginal mothers by smoking status during pregnancy

All births Non-smoking Smoking Unadjusted Adjusted
n=18154 N _=9235 N_=8919
n % n % n % RR (95% Cl) RR (95% CI)
Severe maternal
morbidity
Yes 523 2.9 257 2.8 266 3.0 0.94 (0.79 to 0.92* (0.77 to
1.12) 1.11)
Inter-hospital transfer
Yes 793 4.4 337 3.7 456 5.1 0.73 (0.63 to 0.767 (0.66 to
0.84) 0.89)

*Adjusted for maternal age, any hypertension, any diabetes, parity and socioeconomic status (Socio-Economic Index for Areas (SEIFA)).
TAdjusted for maternal age, any hypertension, any diabetes, parity and remoteness area.

RR, relative risk.
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Table 3 Continued

Adjusted*

Unadjusted

Smoking

Non-smoking

All births

SW

population

14

N

=8919

S

N

=9235

ns

N

18154

n=

RR (95% Cl) RR (95% Cl) PAF (%)

% %

%
Rate per 1000 live births

92

%

0.54 30

0.50

6.8§

60

3.5§

32

Neonatal death

(0.34 to 0.86)

(0.33 to 0.78)

*Adjusted for maternal age, any hypertension, any diabetes, parity and socioeconomic status (Socio-Economic Index for Areas (SEIFA)).

TAdmission to Special Care Nursery (SCN) or Neonatal Intensive Care Unit (NICU) was restricted to those babies recorded as being born in a hospital of maternity service level 3 or higher or a

private hospital.

FRate per 1000 total births.
§Rate per 1000 live births.

PAF, Population Attributable Fraction; RR, relative risk.

outcomes we examined. We also found non-smoking
mothers had a 24% lower risk of being transferred
to another hospital during the birth admission than
smoking mothers of similar demographics. Inter-hospital
transfers may be due to complications arising before,
during or after the birth. This means women are less
likely to be away from their family and country during this
challenging time. Although a slightly lower risk of severe
maternal morbidity was found in the non-smoking group,
there was not sufficient evidence to suggest a true differ-
ence existed as the CI included 1 (RR=0.92, 95% CI 0.77
to 1.11). Other risk factors may be more strongly associ-
ated with severe maternal morbidity than smoking.

Among babies born to mothers of a similar age, with
similar pre-existing conditions (any diabetes or hyperten-
sion), parity and socio-economic status, those with a non-
smoking mother had a 42% less risk of perinatal death and
preterm birth, 65% less risk of being small-for-gestational
age (<10th percentile), 30% less risk of severe neonatal
morbidity, and 34% less risk of being admitted to a SCN
or NICU than those born to a mother who smoked at any
time during her pregnancy. The reductions in adverse
outcomes for babies born to non-smoking mothers were
statistically and clinically significant and remained so
even after adjustment. Encouragingly, despite some rates
being marginally higher, overall very little difference
exists between the rates of adverse perinatal outcomes
among the non-smoking Aboriginal mothers in this study
and the overall NSW population of mothers giving birth
in 2014, of whom 9.3% reported smoking and 3.9% were
recorded as Aboriginal."* The high PAFs for the adverse
perinatal outcomes highlight the enormous potential for
health improvements in this population. Over a quarter
of the perinatal deaths and preterm births were attrib-
utable to smoking. Being born small for gestational age
is associated with short and long-term health sequelae,
and these risks are even greater for babies born with a
birth weight less than the third percentile for gestational
age and sex. The PAF (%) was highest (57%) for being
born with a birth weight less than the third percentile.
Almost half (48%) the babies born small for gestational
age (<10th percentile) could have had a normal birth
weight (210th percentile) in the absence of smoking. Our
results are consistent with a recent study of a cohort of
697003 children born in Scotland from 1997 to 2009.” In
addition to the adverse perinatal outcomes attributable
to smoking, this study followed children until 5years of
age and found that maternal smoking during pregnancy
also increased the risk of the child being hospitalised with
acute respiratory infections, bronchiolitis, asthma and
bacterial meningitis.”’

As expected, and similar to findings from other
studies,” > mothers from the non-smoking group were
less disadvantaged, older, resided in less remote regions
and had fewer previous pregnancies than those from the
smoking group. Diabetes and hypertension were more
prevalent among non-smoking mothers than smoking
mothers. The small difference in prevalence of diabetes

Mclinerney C, et al. BMJ Open 2019;9:6032763. doi:10.1136/bmjopen-2019-032763



(8.7% vs 6.5%) could be due to the non-smoking group
being slightly older than the smoking group. However,
the prevalence of hypertension in non-smoking mothers
was almost double that of smoking mothers (12% vs
6.5%). While this finding may surprise some, it is consis-
tent with findings from previous studies.”*™ A system-
atic review of 48 studies concluded that smoking during
pregnancy reduces the risk of pre-eclampsia by up to 50%
and that there is a dose-response relationship.” Similar
results have been reported when the outcome includes
gestational hypertension as well as pre-eclampsia, and the
protective effect appears to continue even after women
quit smoking later in pregnancy.” This protective effect
may be mediated via the biological effects of carbon
monoxide that is formed during smoking.** However,
when pre-eclampsia does occur, the outcomes are much
worse for babies whose mothers smoked.* Although pre-
eclampsia is associated with adverse pregnancy outcomes,
and smoking reduces the incidence of pre-eclampsia, the
net effect of smoking is still a worsening of pregnancy
outcomes and there are dose-dependent increases in
perinatal deaths and SGA babies among mothers who
smoke.” Hence, these findings in no way indicate any
benefit to mothers or babies if the mother smokes during
pregnancy.

As well as being a national health priority in Australia,
reducing smoking during pregnancy is a key perfor-
mance indicator in the annual service agreements
between the NSW Ministry of Health and Local Health
Districts.”® As part of this commitment, the Quit for New
Life programme was established in 2013 with the aim
to support women having an Aboriginal baby to quit
smoking. The programme was integrated into Aboriginal
Maternal and Infant Health Services and has supported
over 2500 pregnant women, 950 postnatal women and
1650 cohabitants in their quit attempt.”” However, further
efforts including health professional training, expan-
sion to other maternal health services and community
programme, and improved data collection and reporting
are required to reduce the prevalence of smoking in
pregnancy in this population. Investment to discourage
women, especially young women, from taking up smoking
and encouraging and appropriately supporting smokers
to quit need to remain priorities.

Health professionals have a critical role in commu-
nicating the benefits of not smoking during pregnancy
found in this study. However, some practitioners perceive
intervention to be ineffective and thus may not raise this
issue with their patients.”® The highly relevant evidence
from this study may increase the salience of the issue and
provide further motivation for health professionals to
consistently ask and advise about smoking.

While the health impacts of smoking on maternal and
child health are well known,” this study provides local
information that can be used to further engage Austra-
lian health professionals and community members on
the benefits of not smoking. Building on the strength
and resilience of Aboriginal people is an important

foundation for efforts to reduce smoking among this
population.” Using local evidence on the benefits of not
smoking during pregnancy has the potential to reframe
health messages for women, their families and communi-
ties and to mobilise community action to achieve better
health outcomes.

Strengths and limitations

This is the first study we are aware of that examines asso-
ciations between smoking in pregnancy and adverse preg-
nancy outcomes exclusively among Aboriginal and/or
Torres Strait Islander women. This was a large population-
based study. Using data linkage, we were able to capture
more women through the ERA, further increasing our
sample size. Despite the unavailability of information
surrounding some potential confounders, including
individual level socioeconomic status, our findings were
consistent with those among other populations from the
literature.”™ Limited data on the heaviness of smoking
during pregnancy meant that potential dose effects could
not be calculated. However, new data around quitting in
pregnancy is available from 2016 onward so there is poten-
tial for future work to examine this phenomenon further.
Similarly, no information was available on the mother’s
history of smoking, exposure to environmental tobacco
smoke or alcohol consumption and so effects from longer
term smoking and potential confounding from alcohol
consumption could not be accounted for. A lack of data
surrounding history and heaviness of smoking means
that the treatment effects estimated in this study are likely
to be biassed toward the null and thus underestimate
the true benefits of not smoking in pregnancy. Under-
ascertainment of smoking status would similarly bias
toward the null. Mothers who smoked in one pregnancy
but not in a subsequent pregnancy were classified as non-
smokers in the subsequent pregnancy. If these mothers
were more likely to have worse outcomes in the subse-
quent pregnancy compared with never smoking mothers,
this would also bias towards the null. However, any effect
would be negligible due to the very low numbers (<2% of
the study population).

CONCLUSIONS

Babies born to Aboriginal mothers who did not smoke
during pregnancy were at a significantly reduced risk of
adverse perinatal outcomes compared with those born to
smoking mothers of similar demographics. Rates of these
adverse outcomes among Aboriginal women who did not
smoke were very similar to those among the general NSW
population.

These results reinforce the importance of targeted
smoking cessation policy for Aboriginal women. Barriers
to smoking cessation in this population are complex and
it is vital that this evidence is provided concurrently with
sufficient support to enable Aboriginal women to quit
smoking. Distributing this information in isolation runs
the risk of furthering shame and stress experienced by
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pregnant women and may discourage them from seeking
further help, highlighting the importance of systematic
approaches to encourage and support Aboriginal women
to quit smoking.
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