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Abstract

Introduction
The under-reporting of Aboriginal and Torres Strait Islander people on routinely collected health
datasets has important implications for understanding the health of this population. By pooling
available information on individuals’ Aboriginal or Torres Strait Islander status from probabilistically
linked datasets, methods have been developed to adjust for this under-reporting.

Objectives
To explore different algorithms that enhance reporting of Aboriginal status in birth data to define
a cohort of Aboriginal women, examine any differences between women recorded as Aboriginal
and those assigned enhanced Aboriginal status, and assess the effects of using different reported
populations to estimate within-group comparisons for Aboriginal people.

Methods
Three algorithms, with different levels of inclusiveness, were used to establish different study popu-
lations all of which aimed to include all singleton babies born to Aboriginal or Torres Strait Islander
women residing in New South Wales, Australia between 2010 and 2014 and their mothers. The
demographics of the four study populations were described and compared using frequencies and
percentages. In order to assess the impact on research outcomes and conclusions of using study
populations derived from different algorithms, estimates of the associations between smoking during
pregnancy and selected perinatal outcomes were compared using rates and relative risks.

Results
Women included in the study population through enhanced reporting were older, less disadvantaged
and more commonly resided in urban areas than those recorded as Aboriginal in the birth data.
Although rates of smoking and some perinatal outcomes differed between the different study popu-
lations, the relative risks of each outcome comparing smoking and non-smoking Aboriginal mothers
were very similar when estimated from each of the study populations.

Conclusions
This work provides evidence that estimates of within-group relative risks are reliable regardless of
the assumptions made for establishing the study population through the enhanced reporting of
indigenous peoples.

Background

Aboriginal and Torres Strait Islander Australians are under-
reported on routinely collected health datasets nationwide [1],
usually due to people not being asked in the standard way, or
asked at all, whether they are Aboriginal and/or Torres Strait
Islander, or choosing not to identify as such. Efforts are being
made to improve data collection methods surrounding indi-

viduals’ Aboriginal and Torres Strait Islander status, including
the release of national guidelines in 2010 for the collection
of Indigenous status information specifically related to health
data [2], and Council of Australian Governments agreement to
implement the guideline improvements [3]. However, current
under-recording has important implications for understanding
Aboriginal and Torres Strait Islander health and consequently
for the evaluation of targeted policy and delivery of health
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services [1]. New South Wales (NSW) data collections are no
exception and the estimated degree of under-recording varies
substantially for each dataset [4]. The degree of the problem
is difficult to determine, but a survey validation study found
that 90.7% of Aboriginal and Torres Strait Islander people
were correctly recorded on NSW hospital records in 2010 [5],
and a comparison between recording on NSW perinatal data
and an enhancement algorithm estimated that 71.3% of Abo-
riginal mothers were recorded as such on the perinatal data in
2010 [6].

For the purposes of this study, Aboriginal and Torres Strait
Islander people were grouped together because of 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 [7]) and some people are recorded as
both. We respectfully use the term Aboriginal as Aboriginal
people are the original inhabitants of NSW [8].

With the increasing availability of timely linked datasets,
many research groups enhance reporting by pooling avail-
able information on an individual’s Aboriginality from linked
datasets to assign an enhanced Aboriginal status. This tech-
nique has been coined the Enhanced Reporting of Aboriginal-
ity (ERA) [9]. Many algorithms have been developed for the
ERA, each requiring varying degrees of evidence to assign an
individual enhanced Aboriginal status. Algorithms that require
verification of a person’s Aboriginality from a number of inde-
pendent sources are more likely to correctly report a person as
Aboriginal but also more likely to incorrectly assume someone
is not Aboriginal; conversely more inclusive algorithms are in-
creasingly susceptible to data entry or linkage errors [1]. Esti-
mating the burden of adverse health outcomes among Aborig-
inal people is therefore dependent on the algorithm used and a
number of studies have shown this can also affect estimates of
prevalence and incidence [10]. This has major implications for
the National priority on Closing the Gap on Indigenous Health
Outcomes [11] as measuring the gap is not straight-forward.

Although it is important to understand the health disad-
vantage experienced by Aboriginal people, there is growing
opinion that comparisons to Non-Aboriginal Australians are
not always helpful and comparisons among Aboriginal people
may be more constructive [12, 13]. Currently little is known
about how different methods of ERA affect these within-group
comparisons. The aims of this study were to: (1) establish a
cohort of women who were recorded as Aboriginal on the base-
line dataset, in this case the NSW birth data (all of whom
were assumed to be Aboriginal); (2) explore a range of algo-
rithms to enhance Aboriginal status using additional datasets;
and (3) examine any differences in research outcomes when
using different reported populations to estimate within-group
comparisons for Aboriginal people, specifically the associations
between smoking during pregnancy and perinatal outcomes.

Methods

Three algorithms were used to establish different study popu-
lations, all of which aimed to include all singleton babies born
to Aboriginal or Torres Strait Islander women residing in NSW
between 1 January 2010 and 31 December 2014 and their
mothers. This date range was chosen in order to have a full
five years of data for all datasets in the study, to ensure ade-

quate population size and also have the most up-to-date data
available at the time. Each algorithm assessed the evidence
available in each dataset and, based on predefined constraints,
assigned each mother an enhanced Aboriginal status.

Data Sources

All datasets used in this study are held by the NSW Govern-
ment and routinely collected for administrative and/or surveil-
lance purposes. 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. This surveil-
lance system (previously called the Midwives Data Collection,
and established more than 30 years ago) includes all live births
and stillbirths of at least 400 grams birthweight or at least 20
weeks gestation, including births at NSW public and private
hospitals and home births [14]. Additional birth data, includ-
ing all records from 1 January 2001 to 31 December 2014,
were used for the enhanced reporting, to ascertain records for
previous births to the mothers identified in the study pop-
ulation. Information surrounding the mother’s Aboriginality
is collected independently for each birth by the midwife and
recorded in the birth data [4].

Public and private hospital admission records were drawn
from the Admitted Patient Data Collection (‘hospital data’;
previously the Inpatient Statistics Collection, and established
more than 35 years ago) for admission dates from 1 January
2001 to 31 December 2015. Diagnoses coded in the hospi-
tal data are applied according to the International Classifica-
tion of Diseases, Australian Modification (ICD-10-AM). Infor-
mation on all visits to a public emergency department was
taken from the NSW Emergency Department Data Collection
(‘emergency data’) between 1 January 2005 and 31 December
2015. The collection of emergency data in NSW commenced
in 1994, and became an organised collection from July 1996,
with the number of participating emergency departments in-
creasing each year to around 90 in 2010, covering the majority
of the NSW population [15]. Data on a person’s Aboriginality
is collected independently for each hospital and/or emergency
department visit [4]. Under the Births, Deaths and Marriages
Registration Act 1995, parents must register their child’s birth
with the Registry of Births, Deaths and Marriages (‘birth reg-
istration data’) in order for a birth certificate to be produced
[15]. All births within NSW should be registered with basic
demographic information including parents’ Aboriginal status
by the family. Birth registration data between 1 January 2001
and 31 December 2015 were used for the enhanced reporting.
For all datasets in this study, the national standard question
and recording categories are used to collect information sur-
rounding an individual’s Aboriginal status [16].

Records within and across all datasets were probabilisti-
cally linked using personal identifiers such as name, address
and date of birth, by the NSW Centre for Health Record Link-
age (CHeReL). The CHeReL uses the Choicemaker software
for linkage, which uses blocking and machine learning to as-
sign weights to potential matches [17], and has an estimated
false linkage rate of less than 5 per 1,000 records [18]. Hos-
pital birth records were those where the date of birth from
the linked birth data was between the mother’s admission and
discharge dates. Where transfers or changes of care occurred
during the birth admission, multiple records were identified as
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hospital birth records. In this case, these records were col-
lapsed into one hospital stay for use in the ERA algorithms, as
Aboriginal status is generally recorded once per hospital stay
[4].

Algorithms

All women with a birth record in the NSW birth data in the
study period were potentially eligible for inclusion in the study,
either in the baseline population or in one of the enhanced
populations. Due to the previously noted under-reporting of
Aboriginal mothers in the birth data, a number of ERA algo-
rithms were applied to increase ascertainment of eligible par-
ticipants, resulting in different reported populations. Since
we wanted to enhance the reporting of Aboriginality among
those assessed for eligibility, all women recorded as Aborigi-
nal on the birth data were assumed eligible for inclusion in
all study populations regardless of their Aboriginal status on
other linked records. Thus the following algorithms were only
applied to those women who were not recorded as Aboriginal
on the current birth data.

Study population 1 was established using the least inclusive
algorithm and inclusiveness increased with population number.

Study population 1

Study population 1 consisted of just those mothers who were
recorded as Aboriginal on the birth data and their babies, thus
providing a lower bound on all study populations.

Study population 2

Study population 2 was established using only the data sur-
rounding the birth; this included the birth data and, where
available, the corresponding hospital birth record and birth
registration. The recording of any woman without a corre-
sponding hospital birth record or registration (and not recorded
as Aboriginal in the birth data) could not be further enhanced
and was thus not included in study population 2. Where the
hospital birth record and birth registration were available, both
needed to indicate that the mother was Aboriginal for en-
hanced inclusion in study population 2. If the mother only
had one linked record (either the hospital birth record or the
birth registration), that record needed to indicate she was Abo-
riginal for enhanced inclusion in the study population. A flow
diagram outlining the logic of this algorithm is given in Figure
1.

In the case where multiple records were identified as hos-
pital birth records and where Aboriginality differed on these
records, a relatively conservative method was used to collapse
these into one hospital stay for use in the algorithm:

• if the mother was recorded as Aboriginal and non-
Aboriginal on at least one hospital birth record respec-
tively, then she was excluded from the enhanced popu-
lation;

• if at least one hospital birth record for the mother was
recorded as Aboriginal and all remaining hospital birth
records were missing or Aboriginal status was recorded
as unknown, these records were collapsed into one that
reported the mother as Aboriginal.

Babies born from a multiple birth who were assigned Abo-
riginal status from the ERA but their twin was not (‘lonely
twins’) were excluded from the enhanced population.

Study population 3

To establish study population 3 a Multistage-Median algo-
rithm[19] was applied to all linked records from the birth, hos-
pital (all records, not just the birth record), emergency and
birth registration data. The Multistage-Median method ini-
tially assigns a dataset-specific Aboriginal status to all moth-
ers using multiple records within the one dataset. A similar
algorithm is then used to assign an overall status using the
multiple statuses from each dataset the woman appears in.
In more detail, a woman was assigned Aboriginal status in a
dataset if:

• she had one or two linked records and at least one
recorded her as Aboriginal,

• she had three or more linked records and at least two
recorded her as Aboriginal

A comparable algorithm using dataset-specific statuses in-
stead of records was used to assign an overall status and thus
determine the inclusion of each woman in study population 3.
A flow diagram outlining the logic of this algorithm is given in
Figure 2.

Where a mother had multiple records for one stay in the
hospital data and where Aboriginality differed on these records,
these records were collapsed into one hospital stay for use in
the algorithm. An algorithm with the same logic used to es-
tablish each data-set specific status was used to assign an
individual status for one hospital stay where a mother had
multiple hospital birth records from one birth.

Study population 4

Study population 4 included all mothers that were recorded
as Aboriginal on at least one record from the birth, hospital,
emergency or birth registration data. For the hospital data,
this included all linked records, not just the linked birth record.

Study exposure, outcomes and covariates

The study exposure was maternal smoking status. The birth
record and the mother’s hospital birth data were used to as-
sign smoking status. If the birth data indicated that a mother
smoked at any time during her pregnancy and/or if she was
recorded as a current smoker on her hospital birth record(s)
(ICD-10-AM diagnosis codes Z72.0 and F17) then she was
considered to be a smoker. Smoking is self-reported in both
datasets and is known to be under-reported with an estimated
sensitivity and specificity of 58.5% and 98.4% respectively in
the hospital data [20].

The outcomes of interest included perinatal death (still-
birth and neonatal death), preterm birth (<37 completed
weeks of gestation), and small-for-gestational age (birthweight
<10th percentile for sex and age [21]).

Study covariates included maternal age, any hypertension,
any diabetes, parity and socio-economic status. Maternal
age and parity were reported according to the birth data.
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Figure 1: A flow diagram demonstrating the logic used to enhance the reporting of Aboriginality and define study population 2

Is woman recorded as 

Aboriginal or Torres 

Strait Islander 

(Aboriginal) in current 

birth data record?

Yes
ERA = 1

No How many 

other records 

does she have?

0

1

2

Is she recorded 

as Aboriginal in 

this record?

Is she recorded 

as Aboriginal in 

both of these?

ERA = 2

Yes ERA = 1

No ERA = 2

Yes ERA = 1

No ERA = 2

Enhanced Reporting of 

Aboriginality (ERA):

1 = Aboriginal or Torres 

Strait Islander

2 = Not

The mother’s chronic conditions [22], hypertension and di-
abetes information were obtained from the birth and hospi-
tal birth record(s). The NSW ranking of the Australian Bu-
reau of Statistics (ABS) 2011 Socio-Economic Index for Ar-
eas (SEIFA) Index of Relative Socio-Economic Disadvantage
(IRSD) and the 2011 Remoteness Areas were used to assess
the mother’s relative socio-economic status and access to ser-
vices respectively. Where available, the mother’s 2011 Statis-
tical 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, an
indicator of both hospital size and location (urban or regional)
[23], was assigned using the hospital code recorded in the birth
data.

Statistical analysis

The demographics of each of the four study populations and
separately for those included via the ERA algorithms were de-
scribed and compared using frequencies and percentages. The
additional women included through the ERA in study popula-
tion 2, 3 and 4 are referred to as ERA 2, 3 and 4 respectively.

In order to assess the effects on health outcomes and com-
parisons of using study populations derived from different algo-
rithms, estimates of the associations between smoking during
pregnancy and selected perinatal outcomes were compared us-
ing rates and relative risks. To estimate the unadjusted and
adjusted relative risk of each binary outcome while accounting
for the correlation within the data (some mothers had more
than one baby during the study period), an extension to the
modified Poisson regression [24] was used with an unstructured
correlation matrix. SAS version 9.4 (SAS Institute, Cary, NC,
USA) was used for all data manipulation and analysis.

Results

Following exclusion of duplicates (n=76), a total of 487,388
babies were born to 379,116 mothers in NSW and were as-
sessed for inclusion in this study. Aboriginal status was not
stated for 623 mothers (0.13% of all births). All 470,484 ba-
bies born to mothers not recorded as Aboriginal in the birth
data (either Non-Aboriginal or not stated) were assessed for
inclusion using each of the ERA algorithms.

Study population 1

Birth data records indicated that 16,904 babies were born to
12,720 Aboriginal mothers between 2010 and 2014 in NSW.
After excluding all babies from multiple births, those born to
mothers who were interstate residents at the time of birth or
those not recorded as Aboriginal, study population 1 consisted
of 16,306 singleton babies born to 12,504 Aboriginal mothers
(Figure 3).

Study population 2

885 babies born to 779 mothers were assigned enhanced Abo-
riginal status using this algorithm; making a total population
of 17,789 babies born to 13,267 Aboriginal mothers (Figure
4). Almost all births in the birth data linked to a hospital
birth record (99%) and the vast majority linked to a birth reg-
istration (97%). After exclusion of all babies from multiple
births and those born to interstate residents, study popula-
tion 2 consisted of 17,175 babies (5% from the ERA) born to
13,049 mothers.
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Figure 2: A flow diagram demonstrating the logic used to enhance the reporting of Aboriginality and define study population 3.

Step 1: Establish dataset-specific statuses for each dataset.

Step 2: Enhance individual Aboriginality reporting using all information

Enhanced Reporting of Aboriginality 

(ERA) and Status:

1 = Aboriginal or Torres Strait Islander

2 = Not

How many records 

does she have in 

this dataset?

1, 2

3+

Is she recorded as 

Aboriginal in at least 

one record?

Is she recorded as 

Aboriginal in at least 

two records?

Yes
Status = 1

No
Status = 2

Yes
Status = 1

No
Status = 2

Is woman recorded as 

Aboriginal in current 

birth record?

Yes
ERA = 1

No

How many 

other datasets 

is she 

recorded in?

0

1, 2

3+

Does at least one of 

the dataset-specific 

statuses report her as 

being Aboriginal?

ERA = 2

Yes ERA = 1

No ERA = 2

Yes
ERA = 1

No ERA = 2

Do at least two of the 

dataset-specific 

statuses report her as 

being Aboriginal?

5



McInerney, C et. al. / International Journal of Population Data Science (2020) 5:1:15

Figure 3: Flow diagram of mothers and babies eligible for inclusion in study population 1. Aboriginality of mothers in this study
population was based only on what is recorded in the birth data; no enhanced reporting of Aboriginality was used.
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Figure 4: Flow diagram of mothers and babies eligible for enhanced inclusion in study population 2. Aboriginality of mothers in
this study population was based on that recorded in the birth data and the enhanced reporting of Aboriginality from linked data
records related to the birth.
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Study population 3

Almost all mothers not recorded as Aboriginal on the birth
data were assigned dataset-specific statuses regarding Abo-
riginality for the hospital (99.7%) and birth registration data
(99%) and 67% were assigned a dataset-specific status for the
emergency data (Figure 5). 1,921 babies born to 779 mothers
were assigned enhanced Aboriginal status using this algorithm
and these babies made up 10% of final study population 3.
After exclusion of all babies from multiple births and those
born to interstate residents, study population 3 consisted of
18,154 babies born to 13,477 mothers.

Study population 4

Almost all mothers not recorded as Aboriginal on the birth
data had at least one record in the hospital (99.7%) and birth
registration data (99%) and 67% had at least one record in
the emergency data (Figure 6). 8,143 babies born to 6,442
mothers were assigned enhanced Aboriginal status using this
algorithm and these babies made up 33% of the final study
population 3. After exclusion of all babies from multiple births
and those born to interstate residents, study population 3 con-
sisted of 24,107 babies born to 17,947 mothers.

Comparison to Mothers and Babies report

The number of births to mothers recorded as Aboriginal on the
birth data increased from 2011 (N=2,975) to 2014 (N=3,754).
The increase in births when applying the ERA was not consis-
tent over the study period; falling from a 6% to 3% increase
for population 2, a 16% to 6% increase for population 3 and a
58% to 36% increase for population 4 (Table 1). Similarly, the
estimated level of reporting of the Aboriginality of mothers on
the birth data increased over the study period (Appendix 1).

Demographics

Women reported through the ERA tended to be older, less dis-
advantaged and more commonly resided in urban areas than
study population 1 (Figure 7). A maternal age of 20-24 years
was most common among mothers from study population 1
(34%), ERA2 (30%) and ERA3 (30%), while ERA4 tended to
be older with 28% of mothers having a maternal age of 25-29
years. Over one quarter of women from study population 1
were in the most disadvantaged quintile (27%), compared to
22-24% of women recorded through the ERA. Over a third of
women from the ERA 4 group resided in major cities (37%)
and considerably more women from the ERA 2 and 3 groups
resided in major cities (28% and 30% respectively) than those
from study population 1 (22%). The proportion of women that
smoked during pregnancy was lower among mothers recorded
through the ERA groups than those from study population 1
(Table 2). Hypertension and chronic conditions were similar
among all mothers however the prevalence of diabetes was
lower among women from the ERA groups than those from
study population 1.

Perinatal outcomes

Regardless of the study population, adverse perinatal out-
comes occurred less frequently among babies born to non-

smoking mothers (Table 4). Each estimate of prevalence of
preterm birth, small-for-gestational age (SGA) and perinatal
death among babies born to smoking and non-smoking moth-
ers was within 1% of that from all study populations. The
unadjusted and adjusted relative risks of each outcome were
almost exactly the same when estimated from each of the 4
study populations.

Discussion

We applied a number of algorithms to enhance the reporting
of Aboriginality in the NSW birth data, thus increasing the size
of the study population for subsequent analysis. As expected,
the size of the study population increased with the inclusive-
ness of the algorithm used. The population size ranged from
16,306-24,107 babies born to 12,504-17,947 Aboriginal moth-
ers respectively. Interestingly, the increase in women reported
as Aboriginal through the ERA dropped over the study pe-
riod for all algorithms and conversely the level of reporting
increased. The percent increase in births observed when ap-
plying the different ERA algorithms also decreased over time.
This could be due to measures that have been taken to improve
recording in hospitals and observed increases in the propensity
to identify as Aboriginal, meaning there is less potential for
the ERA to add more information.

The demographics of women assigned enhanced Aborigi-
nality from the three ERA algorithms differed from each other
and those recorded as Aboriginal on the birth data. Generally,
women recorded through the ERA were older, less disadvan-
taged, lived in less remote areas and were less likely to smoke or
have diabetes than women recorded as Aboriginal on the birth
record. Overall, these differences increased with the inclusive-
ness of the ERA algorithm. These findings are consistent with
a similar NSW study which found that ERA tended to capture
more women from urban areas than rural areas (but did not
report on other demographics) and a study from Western Aus-
tralia which concluded that Aboriginal or Torres Strait Islander
babies reported through the ERA were less disadvantaged [4,
25]. The age differences are likely related to the increase in
urban and less disadvantaged women in the enhanced popu-
lations, as women of higher socio-economic status who give
birth in urban areas tend to be older than women in rural and
more disadvantaged areas.

It is important that every individual has a choice whether
or not to identify themselves as Aboriginal or Torres Strait Is-
lander, and only an estimated 8% of Aboriginal people in NSW
report never identifying themselves as such. Evidence suggests
that the highest proportion of Aboriginal people from NSW
who never identify are aged 15–24 years and the propensity
to identify decreases as remoteness increases [26]. Interest-
ingly, our results demonstrate that the majority of women not
recorded as Aboriginal on the birth data but reported as Abo-
riginal through the ERA were aged 25 and over and were from
major cities or inner regional areas.

The datasets used in this study, and commonly in public
health research, are not collected for research purposes and
are prone to errors in data entry and linkage. There is also
reason to believe that linkage errors may be more common
among Aboriginal people than Non-Aboriginal people due to
their names, date of birth and address information being less
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Figure 5: Flow diagram of mothers and babies eligible for inclusion in study population 3. Aboriginality of mothers in this study
population was based on that recorded in the birth data and the enhanced reporting of Aboriginality using the multi-stage median
algorithm and all available linked data.
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Figure 6: Flow diagram of mothers and babies eligible for inclusion in study population 4. Aboriginality of mothers in this study
population was based on ever being recorded as Aboriginal in any of the available linked data.

PDC_status
Mothers=367,272 (100%)

Ever_yes = 1,657
Based on obs=667,794

All Aboriginal (Popn 4)
Babies=25,047

Mothers=18,286

APDC_status
Mothers=366,345 (99.7%)

Ever_yes = 3,161
Based on obs=1,679,361

ERA
Babies=8,143

Mothers=6,442

EDDC_status
Mothers=246,584 (67%)

Ever_yes = 2,741
Based on obs=1,064,537

RBDM_status
Mothers=362,845 (99%)

Ever_yes = 3,440
Based on obs=657,930

Multiple births
Babies=776

Mothers=384
Singletons

Babies=24,271
Mothers=18,068

Enhanced Reporting 

of Aboriginality

Non-Aboriginal 
Babies=470,484

Mothers=367,272

Aboriginal (birth data)
Babies=16,904

Mothers=12,720

Birth data de-duplicated
Babies=487,388

Mothers=397,116

Interstate residents
Babies=164

Mothers=149
Study pop 4

Babies=24,107
Mothers=17,947

Excluded all babies from 
multiple births.

Excluded all babies born to 
interstate mothers.

Table 1: Number (N) of births to Aboriginal mothers in 2010 to 2014 (including multiple births and births to interstate residents)
according to the four study populations and the percent increase from study population 1.

Number of births to
Aboriginal mothers
from:

Year
2010 2011 2012 2013 2014
N N N N N

Population 1 3,088 2,975 3,348 3,492 3,754

N Incr. % N Incr. % N Incr. % N Incr. % N Incr. %

Population 2 3,277 6 3,188 7 3,541 6 3,659 5 3,856 3
Population 3 3,570 16 3,459 16 3,758 12 3,794 9 3,965 6
Population 4 4,871 58 4,720 59 5,000 49 4,963 42 5,104 36
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Table 2: Smoking and health status at the time of birth of mothers who were recorded as Aboriginal in the birth data (Population
1) and from an enhanced reporting of Aboriginality algorithm (ERA2 – 4) who gave birth to at least one singleton baby in NSW
between 2010 and 2014.

Population 1 ERA 2 ERA 3 ERA 4
N=16,306 N=869 N=1,848 N=7,801

%

Smoked during pregnancy 49.7 41.2 43.8 32.5
Chronic conditionsˆ 1.8 1.2 2.5 1.7
Any hypertension 9.4 8.8 8.6 9.2
Any diabetes 7.9 5.6 6.4 7.2

ˆChronic conditions encompasses renal, cardiac, thyroid, asthma, psychiatric, and other autoimmune conditions[22].

Figure 7: Demographics at the time of birth of mothers who were reported as Aboriginal on the current birth data (Pop 1) or from
an enhanced reporting of Aboriginality algorithm (ERA1 – 3) who gave birth to at least one singleton baby in NSW between 2010
and 2014.
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Table 3: Demographics at the time of birth of all Aboriginal or Torres Strait Islander mothers who gave birth to at least one
singleton baby in NSW between 2010 and 2014 by method of reporting of Aboriginality.

Population 1 Population 2 Population 3 Population 4
N=16,306 N=17,175 N=18,154 N=24,107

Maternal age % % % %

Under 20 18.0 18.1 17.7 15.6
20–24 33.5 33.3 33.1 30.6
25–29 25.1 25.2 25.4 25.9
30–34 14.8 14.8 15.0 17.0
35 and over 8.7 8.7 8.8 10.9

Parity N=16,300 N=17,169 N=18,147 N=24,093

0 34.8 35.2 34.5 34.3
1 25.5 25.4 26.0 26.2
2 17.3 17.1 17.1 17.7
3+ 22.4 22.2 22.4 21.8

SEIFA IRSD quintiles* N=16,223 N=17,089 N=18,059 N=23,988

1st – most disadvantaged 27.1 26.8 26.7 25.7
2nd 20.5 20.4 20.3 19.7
3rd 29.8 29.8 29.8 28.5
4th 16.7 17.0 17.0 17.7
5th – least disadvantaged 5.8 6.0 6.2 8.4

Remoteness area N=16,222 N=17,088 N=18,059 N=23,989

Major cities 22.5 22.8 23.2 27.2
Inner regional 33.9 33.8 34.0 34.0
Outer regional 34.0 34.1 33.8 31.3
Remote 6.1 5.9 5.7 4.9
Very remote 3.5 3.4 3.3 2.7

Smoked during pregnancy N=16,306 N=17,175 N=18,154 N=24,107
Yes 49.7 49.3 49.1 44.2

Chronic conditionsˆ N=16,306 N=17,175 N=18,154 N=24,107
Yes 1.8 1.8 1.9 1.8

Any hypertension N=16,306 N=17,175 N=18,154 N=24,107
Yes 9.4 9.3 9.3 9.3

Any diabetes N=16,306 N=17,175 N=18,154 N=24,107
Yes 7.9 7.8 7.8 7.7

*Socio-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 1st quintile and the highest 20%
(least disadvantaged) fall in 5th quintile.
ˆChronic conditions encompasses renal, cardiac, thyroid, asthma, psychiatric, and other autoimmune conditions[22].
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Table 4: Frequency of perinatal outcomes at the time of birth of all Aboriginal mothers by smoking status during pregnancy and
the estimated relative risk (RR) with 95% confidence intervals (95% CI).

Study population N % RR (95% CI)
Unadjusted Adjusted*

Preterm birth

1 16,306 11.2
Smokers 8,109 14.2 0.58 0.58
Non-smokers 8,197 8.1 (0.53, 0.64) (0.53, 0.64)

2 17,175 11.1
Smokers 8,467 14.2 0.58 0.59
Non-smokers 8,708 8.1 (0.53, 0.64) (0.53, 0.64)

3 18,154 11.3
Smokers 8,919 14.4 0.59 0.58
Non-smokers 9,235 8.2 (0.54, 0.64) (0.53, 0.64)

4 24,107 10.3
Smokers 10,646 13.6 0.58 0.58
Non-smokers 13,461 7.7 (0.54, 0.63) (0.54, 0.63)

Small-for-gestational age (<10th percentile)

1 16,306 13.3
Smokers 8,109 19.7 0.36 0.35
Non-smokers 8,197 7.0 (0.33, 0.39) (0.32, 0.38)

2 17,175 13.2
Smokers 8,467 19.6 0.36 0.35
Non-smokers 8,708 7.0 (0.33, 0.39) (0.32, 0.38)

3 18,154 13.1
Smokers 8,919 19.5 0.36 0.35
Non-smokers 9,235 7.0 (0.33, 0.39) (0.32, 0.39)

4 24,107 12.5
Smokers 10,646 19.3 0.37 0.36
Non-smokers 13,461 7.1 (0.35, 0.40) (0.33, 0.39)

Perinatal death

1 16,306 1.4
Smokers 8,109 1.8 0.53 0.57
Non-smokers 8,197 1.0 (0.40, 0.70) (0.42, 0.75)

2 17,175 1.4
Smokers 8,467 1.8 0.55 0.58
Non-smokers 8,708 1.0 (0.42, 0.71) (0.44, 0.77)

3 18,154 1.4
Smokers 8,919 1.8 0.54 0.58
Non-smokers 9,235 1.0 (0.42, 0.70) (0.44, 0.76)

4 24,107 1.3
Smokers 10,646 1.7 0.54 0.57
Non-smokers 13,461 0.9 (0.43, 0.68) (0.45, 0.73)

*adjusted for maternal age, any hypertension, any diabetes, parity and socio-economic status (SEIFA).
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consistently reported across routinely collected datasets than
for other Australians [1]. Consequently, all methods of ERA
are susceptible to incorrectly reporting a person as Aborigi-
nal (false positive). The ERA algorithms used in this study
required a given number of records indicating Aboriginality
(rather than a proportion) to assign enhanced Aboriginality,
meaning the likelihood of false positives increased with the
number of records included. However, this approach was taken
because using the number of linked records rather than a pro-
portion provides increased numbers of individuals being re-
ported and this method is thought to better avoid misclassifi-
cation due to an individual choosing not to be identified due to
fear of discrimination [19, 27]. In order to explore the effect of
increased linked records on the study population, the most re-
strictive algorithm only considered two datasets while the more
inclusive algorithms considered five. The most restrictive al-
gorithm was designed to minimise the introduction of bias, as
most mothers in the birth data had a corresponding hospital
birth record and a birth registration record, and therefore had
the opportunity to be enhanced through this ERA algorithm.
The algorithms used in study populations 3 and 4 included
those records that were only available for women who had
been admitted to an emergency department or hospital out-
side of the birth admission and so may have introduced some
bias in the ERA, such as women with more chronic conditions
(and therefore more health system contact) being included.
The data and algorithms used to establish study population 2
and 4 were very similar to that outlined in the literature [4].
In this study, data relating to death was not included in any
algorithm since we were interested in perinatal outcomes as-
sociated with smoking during pregnancy and inclusion of such
datasets could bias the enhancement toward women who were
generally more unwell.

For all of our populations, we had a constant baseline pop-
ulation based on the recorded Aboriginal status on the birth
data. That is, no women who were recorded as Aboriginal in
the birth data, were subsequently reported as non-Aboriginal in
any of the enhanced populations. This assumption was made
as we were looking to ‘enhance’ the known under-reporting in
the birth data, and also have a constant baseline on which to
build the enhanced populations.

Since mothers recorded as Aboriginal through the ERA
only made up 5% and 10% of study population 2 and 3 re-
spectively, the demographics of women from study population
1, 2 and 3 differed little from each other. A third of study pop-
ulation 4 consisted of mothers eligible through the ERA and
consequently this influenced the demographics of this pop-
ulation. Of particular note was the rate of smoking during
pregnancy among women from study population 4 at 44%,
almost 6% lower than that in study population 1. To a lesser
extent, rates of perinatal outcomes also differed depending
on the study population used, results that are consistent with
the literature [4]. These discrepancies reinforce the growing
evidence that the approach used for reporting Aboriginality
can substantially influence the rates of particular outcomes of
interest [10]. However, we found that the relative risks of
preterm birth, small-for-gestational age and perinatal deaths
comparing smoking and non-smoking Aboriginal mothers were
not influenced by the study population used. This provides
new evidence to suggest that such within-group comparisons
are robust to the assumptions made surrounding the reporting

of Aboriginality.
The way in which indigenous peoples are recorded on

health data and how these populations are quantified has im-
portant implications for reporting of health statistics around
the world [28]. Enhanced reporting of indigenous peoples us-
ing data linkage is a technique used in Australia, New Zealand
and Canada, all of which use slightly different approaches [4].
The findings of this study provide new evidence to suggest that
within-group relative risks are robust to assumptions made sur-
rounding the reporting of Indigenous status. However, further
work comparing estimates from study populations established
using different methods of enhanced reporting among this and
other populations are required.

Conclusion

It is widely acknowledged that Aboriginality is under-recorded
in routinely collected datasets across Australia and enhanced
reporting using linked data attempts to adjust for this. Al-
though valuable efforts have been made, it is impossible to de-
termine the extent to which Aboriginality is under-reported or
how close any algorithm gets to the truth because there is sim-
ply no gold standard for comparison. This poses many difficul-
ties for establishing the prevalence of health outcomes among
Aboriginal people, the magnitude of the ‘gap’ between Abo-
riginal and non-Aboriginal Australians and tracking changes
over time. Our work supports this but, more interestingly,
provides evidence that estimates of within-group relative risks
are reliable regardless of the assumptions made for establish-
ing the study population through the enhanced reporting of
indigenous peoples. Under-recoding of Indigenous status is
not unique to Australia and these findings may have broader
implications for countries that experience similar issues such
as New Zealand, Canada and the United States of America.
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Appendix 1
The level of reporting of Aboriginality was estimated for each year of the study period from each of the enhanced populations. This
measure aims to estimate the coverage of the Aboriginal population in NSW Health data collections and represents the number of
individuals recorded as Aboriginal in the baseline dataset (the birth data) as a percentage of the expected number of Aboriginal
people according to the enhanced reporting process [6].

Figure 8: Estimated level of reporting of Aboriginal mothers on the birth data in 2010 to 2014 according to different methods of
enhanced reporting of Aboriginality.
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