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Background: Under-identification of Aboriginal and Torres Strait Islander
(hereafter referred to as Aboriginal) people can result in inaccurate estimation of
health outcomes. Data linkage has improved identification of Aboriginal people in
administrative datasets.

Aim: To compare three methods of ascertainment of Aboriginal status using only
pregnancy data from the Western Australian Midwives Notification System (MNS),
to the linked Indigenous Status Flag (ISF) derived by the Department of Health.
Materials and Methods: This retrospective population-based cohort study
utilised logistic regression to determine which demographic characteristics were
associated with under-identification, and the effect of ascertainment method on
perinatal adverse outcomes.

Results: All methods identified a core group of 19017 (83.0%) Aboriginal women
and the ISF identified 2298 (10.0%) women who were not identified using any other
method. Under-ascertainment was lowest when a woman's Aboriginal status was
determined by ever being recorded as Aboriginal in the MNS data, and highestwhen
taken as it had been recorded for the birth in question. Maternal age <20 years,
smoking during pregnancy, pre-existing diabetes, a history of singleton preterm
birth and being in the lowest 20% of Socio-Economic Indexes for Areas score were
all associated with a higher chance of being identified by the methods using only
the MNS. These methods were less likely to identify nulliparous women, and those
with maternal age >35 years. The method of ascertainment of Aboriginality did not
make a significant difference to the adjusted predicted marginal probabilities of
adverse perinatal outcomes.

Conclusion: Unlinked pregnancy data can be used for epidemiological research in
Aboriginal obstetric populations.
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INTRODUCTION

The ability to capture accurate data about the health of
Aboriginal and Torres Strait Islander people (henceforth re-
ferred to as Aboriginal) is crucial to policy development, service
delivery, and evaluation of health programs. Administrative
datasets can be used for these purposes, and provide informa-
tion about a large number of individuals over time, without in-
curring the additional costs of traditional data collection.” While
identification of Aboriginal status has improved over time,?
Aboriginal people are still under-identified in administrative
datasets.>”’ This under-identification is not uniform across hos-
pitals®® and can result in inaccurate estimation of health'® and
mortality'" outcomes.

Linkage of the births data to the Registry of Births Deaths and
Marriages improved ascertainment of Aboriginal status of birth-
ing mothers in New South Wales by 47%° and babies in Victoria
by 87%.'% The use of algorithms incorporating Aboriginal status
information from many linked datasets and records, over an in-
dividual's lifetime and across generations,' has reduced miss-
ing data and increased consistency within an individual." The
Western Australian (WA) Data Linkage unit uses a validated algo-
rithm to obtain the derived Aboriginal and Torres Strait Islander
Status Flag' (ISF) which to date has been the best method of
ascertainment of Aboriginal status in WA linked data. However,
the cost or time required to receive linked data for research pur-
poses can be prohibitive, necessitating the use of unlinked or in-
ternally linked data.

This study therefore aimed to compare three methods of as-
certainment of maternal Aboriginal status using a single, unlinked
data set only: the Midwives Notification System (MNS). We deter-
mined which method best approximated the linked ISF, which
maternal characteristics were associated with a better chance
of identification using the MNS-only algorithms, and what effect
using different methods of ascertainment had on estimated rates
of key perinatal outcomes.

MATERIALS AND METHODS

Study population and data sources

This retrospective population-based cohort study used data
from all WA births between 2009 and 2019 reported in the
MNS. The MNS is a registry of births recorded by the attend-
ing midwife, including all live and stillbirths of at least 20 weeks
gestation, or greater than 400 g birthweight if gestation is un-
known. The linked ISF dataset provided the best indication of
maternal Aboriginal status, and the Registry of Births Deaths
and Marriages (mortality data) was used to determine neonatal
deaths. The mortality dataset and the ISF were probabilistically
linked to the MNS by Data Linkage Services WA.'>1

Outcomes

The primary outcome was whether or not a woman was identi-
fied as Aboriginal by each method of ascertainment of Aboriginal
status. Perinatal outcomes of interest were preterm birth (PTB:
birth at less than 37 weeks gestation), stillbirth, neonatal death,
requirement for serious resuscitation (continuous positive airway
pressure, endotracheal intubation, intermittent positive pressure
ventilation and external cardiac massage and ventilation) and
admission to special care. All perinatal outcomes were derived
from the MNS except neonatal death which was defined as death
within 28 days of birth and identified using the mortality data.

Exposure

The primary exposure was method of identification of Aboriginal
status, with the linked ISF considered the optimal method for
determining the mother's Aboriginal status. To derive the ISF, a
multi-stage median' algorithm is applied to the Aboriginal and/or
Torres Strait Islander status variables from the WA Department of
Health MNS, Birth Registration, Hospital Morbidity Data Collection,
Emergency Department Data Collection and Death Registration
datasets,' and an individual is assigned an Aboriginal status of Yes',
‘No’ or ‘Missing.'* Aboriginal status was also derived for this study
using the ethnicity variable in the MNS-only, in three additional ways.

1. Traditional Unlinked - A woman's Aboriginal status was based
on what had been recorded for each of her instances of
giving birth.

2. Weight-of-Evidence - If it was recorded that a woman was
Aboriginal on >50% of her births, then she was assigned the
status of Aboriginal on all of her instances of giving birth.

3. Ever-Aboriginal - If it was recorded that a woman was
Aboriginal on any of her births, then she was assigned the sta-
tus of Aboriginal on all of her instances of giving birth.

The Traditional Unlinked method is the only method available
for completely unlinked data. If the dataset is internally linked lon-
gitudinally (a person is identified as the same person if they appear
multiple times within the dataset), then the Weight-of-Evidence or
Ever-Aboriginal methods can also be used.

Potential covariates

Maternal age, parity, smoking during pregnancy, pre-existing
diabetes and hypertension, asthma, multiple pregnancy,
gestational diabetes, pre-eclampsia, caesarean at the last delivery
and other maternal conditions were all derived from the MNS
and were considered for inclusion in regression models. The
other maternal conditions category included any pre-existing
medical conditions diagnosed before the pregnancy, that may
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influence the pregnancy or pregnancy care.'” History of singleton
PTB and history of stillbirth were derived for each mother and
delivery hospital was used to derive hospital type (established
tertiary, evolving tertiary, non-tertiary). Socio-economic status
was assigned based on the MNS postcode variable for maternal
residence, using the Index of Relative Socio-Economic Advantage
and Disadvantage (SEIFA) score, derived by the Australian Bureau
of Statistics.'® SEIFA scores were categorised into those in the
lowest 20%, and those in the upper 80% of scores. Birth method
(vaginal birth, instrumental vaginal birth, planned caesarean or
emergency caesarean) and gestational age at birth were included
when neonatal death, major resuscitation, or special care nursery
admission were being modelled.

Statistical analyses

The number of births to women identified as Aboriginal, by
method of ascertainment, as well as under-ascertainment com-
pared to the ISF were reported, by year. For each of the MNS-only
methods, the number and percent of births in common with the
ISF, births identified by the ISF but not by the MNS methods, and
births identified by the MNS methods but not by the ISF, were
reported. Frequency distributions of demographic characteris-
tics were reported for women identified as Aboriginal by the ISF,
and rates of pregnancy and neonatal adverse outcomes were re-
ported by method of identification.

Logistic regression models were used to determine which
maternal characteristics were associated with a higher chance
of under-ascertainment by each MNS-only method, compared to
being identified by that method or by the ISF. Logistic regression
models that included all women identified as Aboriginal by any
method were used to calculate adjusted and unadjusted marginal
predicted probabilities of key perinatal outcomes, by method
of ascertainment. In these models, a marginal standardisation
method'® was used to calculate predicted probabilities of PTB,
stillbirth, neonatal death, requirement for serious resuscitation
and admission to special care. Women with missing SEIFA (N =87,
0.4%) were excluded from all logistic regression models due to
small numbers preventing modelling, and pregnancies with multi-
ples (N =644, 2.8%) and terminations of pregnancies (N =27, 0.1%)
were excluded from models predicting perinatal adverse events
to avoid confounding of outcomes associated with multiple births.
Adjusted models included covariates that were statistically signif-
icant at the P<0.20 level.

SAS (version 9.4: SAS Institute Inc., Cary, NC, USA) and Stata
(StataCorp. 2021. Stata Statistical Software: Release 17. StataCorp
LLC., College Station, TX, USA) statistical software packages were
used for data analyses. The study was approved by the Women
and Newborn Health Service Human Research Ethics Committee
(RGS0000002677), the Health Department of Western Australia
Human Research Ethics Committee (RGS0000000704) and the WA
Aboriginal Health Ethics Committee (965).

RESULTS

The four methods of ascertaining Aboriginal status (the ISF and the
three MNS-only methods) identified a combined total of 22918
Aboriginal women who gave birth in WA between 2009 and 2019.
The ISF alone identified 22 344 (97.5%) of these women. All meth-
ods identified a core group of 19017 (83.0%) Aboriginal women.
The ISF identified 2298 (10.0%) women as Aboriginal who were
not identified using any other method, and 3191 (14.1%) women
who were not identified using the Traditional Unlinked method
(Fig. 1). The percentage of birthing women in the state who were
Aboriginal was at a maximum in 2009 (2079 births, 6.7%) reducing
to 5.9% (2005 births) in 2012 and increasing to 6.4% (2136 births)
in 2019 (Table 1).

The patterns of agreement between the ISF and the
MNS ascertainment methods are shown in Table S1. Under-
ascertainment overall was 10.0, 12.0 and 14.1% using the Ever-
Aboriginal, Weight-of-Evidence and Traditional Unlinked methods,
respectively. Under-ascertainment was higher (more women who
were identified by the ISF were not identified by the MNS-only
methods) at the tertiary hospital (Traditional Unlinked =15.1%,
Weight-of-Evidence =13.3%, Ever-Aboriginal=11.7%) than at
non-tertiary hospitals (Traditional Unlinked =14.7%, Weight-of-
Evidence = 12.4%, Ever-Aboriginal = 10.1%).

Table 2 shows unadjusted and adjusted associations be-
tween maternal characteristics, and under-identification by the
MNS-only methods. Women who were identified as Aboriginal by
the ISF but not by the MNS-only methods, were less likely to be
younger than 20 years of age, smoke during pregnancy, be in the
lowest 20% of SEIFA scores, have pre-existing diabetes or have
had a previous PTB. Women who were identified as Aboriginal by
the ISF but not by the MNS-only methods, were more likely to be
nulliparous, have asthma, have had a caesarean at their last de-
livery, and be greater than or equal to 35 years of age. There was
a significant association between parity and identification using
the MNS-only methods with nulliparous women comprising
30.4% of women identified by the ISF, and 35.3% of the women
identified by the ISF but not by the Traditional Unlinked method
(adjusted odds ratio (aOR): 1.5, 95% Cl: 1.3, 1.6). Consequently,
this analysis was repeated, stratified by parity (nulliparous vs
multiparous). Results showed the directions of association were
similar between these two groups of women (Tables S2 and S3).

The method of ascertainment of Aboriginality did not make
a statistically significant difference to the adjusted predicted
marginal probabilities of any of the adverse perinatal outcomes
including PTB, stillbirth, neonatal death major resuscitation and
special care nursery admission (Table 3). However, at the indi-
vidual level it did make a large difference to the cell counts, with
the ISF identifying 1140 more special care nursery admissions
than the Traditional Unlinked method, and 893 more than the
Weight-of-Evidence method.
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FIGURE 1 Number of mothers identified by each method of ascertainment of Aboriginal status, and those uniquely identified

by each method, for all births to Aboriginal women in Western Australia (2009-2019). 1‘Indigenous Status Flag method (ISF): a multi-
stage median algorithm is applied to the Aboriginal and/or Torres Strait Islander status variables from multiple Western Australia
Department of Health datasets to determine Aboriginal status. ‘Traditional Unlinked method: a woman's Aboriginal status was based
on what had been recorded for each of her instances of giving birth in the Midwives Notification System (MNS). SWeight-of-Evidence
method: if it was recorded that a woman was Aboriginal on >50% of her births in the MNS, then she was assigned the status of
Aboriginal on all of her instances of giving birth. JEver-Aboriginal method: if it was recorded that a woman was Aboriginal on any of her
births in the MNS, then she was assigned the status of Aboriginal on all of her instances of giving birth.

DISCUSSION

Our study examined the agreement in assignment of maternal
Aboriginal status between the ISF, obtained using linked data,
and three methods based only on the MNS data. We also quan-
tified the effect that the differences had on estimation of rates
of adverse perinatal outcomes, and determined which mater-
nal characteristics were associated with under-identification
using the MNS-only methods. All three methods identified
83.0% of Aboriginal women at the state level; however, 10.0%
of Aboriginal births identified by the ISF were not identified
by any of the MNS-only methods. Rates of adverse outcomes
when using the ISF were comparable to that of the three other
ascertainment methods.

The Ever-Aboriginal method had the lowest under-
ascertainment of Aboriginal women giving birth in WA. This was
the least likely method to ‘miss’ Aboriginal women, but also the
most likely to assign Aboriginal status to women not identified
as Aboriginal by the ISF. In the absence of the ISF, the optimal
method of ascertainment of Aboriginal status would depend on
the project being conducted: whether it was most important that
Aboriginal women were not missed (Ever-Aboriginal method),
or that non-Aboriginal women were not included in the sample
(Traditional Unlinked method). The Weight-of-Evidence method
provides a balanced approach to these ascertainment issues. Our
results were reasonably consistent with other Australian data,
with a NSW study showing that a multi-stage median algorithm
enhanced identification by 11.4% compared to the Traditional
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(Continued)

TABLE 2

In the Indigenous Status Flag, not in Weight-of- In the Indigenous Status Flag, not in Ever-

Evidence'™ (N

Indigenous Status In the Indigenous Status Flag, not in

2287)

Aboriginal’ (v

2717)

3179)

Traditional Unlinked* (N

=22260)

Flag' (M

Unadjusted OR  Adjusted OR

Unadjusted OR Adjusted OR

(95% Cl)

Unadjusted OR Adjusted OR

(95% Cl)

Maternal

(95% Cl)

N (95% Cl)

N (95% Cl)

(95% Cl)

N

demographics

0.6 (0.4-0.8) 0.8 (0.6-1.1) 38(1.7) 0.6 (0.4-0.8) 0.8 (0.6-1.1)

1.1 (1.0-1.3)

48 (1.8)

55 (1.7) 0.6 (0.4-0.8) 0.8 (0.6-1.0)
1.1(1.0-1.2)

627 (2.8)
3171 (14.2)

Previous stillbirth

1.3(1.1-1.4)

346 (15.1) 1.1(1.0-1.2)

1.3(1.1-1.4)

426 (15.7)

1.2(1.1-1.4)

479 (15.1)

Caesarean last
delivery

fIndigenous Status Flag (ISF): A multi-stage median algorithm is applied to the Aboriginal and/or Torres Strait Islander status variables from multiple WA Department of Health datasets to determine

Aboriginal status.

*Traditional Unlinked method: A woman's Aboriginal status was based on what had been recorded for each of her instances of giving birth in the Midwives Notification System (MNS).

SWeight-of-Evidence method: If it was recorded that a woman was Aboriginal on 250% of her births in the MNS, then she was assigned the status of Aboriginal on all of her instances of giving birth.
Ever-Aboriginal method: If it was recorded that a woman was Aboriginal on any of her births in the MNS, then she was assigned the status of Aboriginal on all of her instances of giving birth.

87 births were excluded as they had missing SEIFA status and therefore could not be included in regression modelling.

Adjusted logistic regression models include covariates that were significant at the P <0.20 level.

Bolded text indicates that the maternal characteristic is significantly associated with identification with the MNS-only method versus the ISF at the P <0.05 level.

OR, odds ratio; PTB, preterm birth; SEIFA, Index of Relative Socio-Economic Advantage and Disadvantage.

Unlinked method.?® By comparison, our ISF enhanced identifica-
tion by 14.7% over the Traditional Unlinked method (although our
algorithm included death data and theirs did not).

Logistic regression models predicting whether a woman
identified as Aboriginal in the ISF but was not identified as
Aboriginal by the MNS-only methods, showed that maternal
age <20years, smoking during pregnancy, the lowest 20% of
SEIFA, pre-existing diabetes and a history of singleton PTB were
all associated with lower under-ascertainment using the MNS-
only methods. These characteristics are all likely to be associ-
ated with additional contact with the healthcare team during
pregnancy, and therefore potentially result in more accurate
recording of the woman's Aboriginal status. It is surprising that
women who had a caesarean at their last delivery were less
likely to be identified as Aboriginal. Considering these women
had given birth before, they would likely have had another birth
recorded in the MNS (unless their first birth occurred before the
start of our study period). Having more than one pregnancy in
the MNS should increase the likelihood of being identified as
Aboriginal using the Weight-of-Evidence and Ever-Aboriginal
methods as even if the woman was not recorded as Aboriginal
on the birth in question, she may have been assigned Aboriginal
status based on how she reported her ethnicity in a previous
pregnancy. This finding persisted, even when the models were
only run on multiparous women. The ISF identified an addi-
tional 10.0% of women as Aboriginal who were not identified by
any MNS-only method, indicating that these women had been
identified as Aboriginal in other linked datasets, or for births
outside of our study period. Considering 83% of women were
identified by all four methods, it is not surprising that the unad-
justed and adjusted predicted probabilities of adverse perinatal
outcomes did not significantly differ by method of ascertain-
ment. However, this lack of difference in the odds ratios does
indicate that the rates of adverse outcomes among the women
identified by the ISF, and the women missed, were similar. This
is an important finding as it means that where linked data is not
available to researchers, unlinked or internally linked data can
be used for calculation of rates of adverse neonatal outcomes.

Finally, Aboriginality is self-reported in the relevant datasets,
and it must be acknowledged that there are complex reasons
as to why a woman may choose to identify as Aboriginal on
one occasion, but not on another. Furthermore, for a woman
to identify as Aboriginal, the question must actually be asked
of her by the health provider. The National best practice guide-
lines for collecting Indigenous status®' were released in 2010
to create a systematic national approach to the collection, re-
cording and reporting of Aboriginal status in health datasets.
Subsequently, National best practice guidelines for data linkage
activities relating to Aboriginal and Torres Strait Islander peo-
ple?? were developed to support analysts and data custodians
to use Indigenous status in linked data appropriately while
being guided by the core values of Aboriginal and Torres Strait
Islander human research.
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TABLE 3 Unadjusted and adjusted marginal predicted probabilities of adverse perinatal outcomes, by method of ascertainment of

Aboriginal status, for Aboriginal women who gave birth to singletons in Western Australia between 2009 and 2019

Unadjusted predicted probability

Adjusted predicted probability

n Marginal mean (95% ClI) Marginal mean (95% Cl)
Preterm birth
Indigenous Status Flag" 3006 13.9(13.4-14.4) 13.9(13.4-14.3)
Traditional Unlinked* 2686 14.3(13.8-14.7) 14.0 (13.5-14.5)
Weight-of-Evidence§ 2731 14.1 (13.6-14.6) 13.9(13.5-14.4)
Ever—AboriginaI'” 2795 14.0 (13.5-14.5) 13.9 (13.4-14.3)
Stillbirth
Indigenous Status Flag 254 1.2 (1.0-1.3) 1.2(1-1.3)
Traditional Unlinked 226 1.2(1.0-1.4) 1.2 (1.0-1.3)
Weight-of-Evidence 227 1.2(1.0-1.3) 1.2(1.0-1.3)
Ever-Aboriginal 230 1.2(1.0-1.3) 1.2(1.0-1.3)
Neonatal death
Indigenous Status Flag 86 0.4 (0.3-0.5) 0.4 (0.3-0.5)
Traditional Unlinked 82 0.4 (0.3-0.5) 0.4 (0.3-0.5)
Weight-of-Evidence 81 0.4 (0.3-0.5) 0.4 (0.3-0.5)
Ever-Aboriginal 83 0.4 (0.3-0.5) 0.4 (0.3-0.5)
Major Resuscitation”
Indigenous Status Flag 2848 13.3(12.9-13.8) 13.3(12.9-13.7)
Traditional Unlinked 2498 13.4(12.9-13.9) 13.3(12.9-13.8)
Weight-of-Evidence 2562 13.4(12.9-13.9) 13.3(12.9-13.8)
Ever-Aboriginal 2606 13.2(12.7-13.7) 13.2(12.8-13.7)
Admission to special care nursery
Indigenous Status Flag 7646 35.8(35.2-36.4) 35.8(35.2-36.4)
Traditional Unlinked 6506 34.9 (34.3-35.6) 34.9 (34.2-35.5)
Weight-of-Evidence 6753 35.3 (34.6-36.0) 35.2 (34.6-35.9)
Ever-Aboriginal 7010 35.5(34.9-36.2) 35.5(34.9-36.2)

“Major Resuscitation refers only to continuous positive airway pressure, endotracheal intubation, intermittent positive pressure ventilation and
external cardiac massage and ventilation.

fIndigenous Status Flag method (ISF): A multi-stage median algorithm is applied to the Aboriginal and/or Torres Strait Islander status variables
from multiple Western Australia Department of Health datasets to determine Aboriginal status.

*Traditional Unlinked method: A woman's Aboriginal status was based on what had been recorded for each of her instances of giving birth in the
Midwives Notification System (MNS).

SWeight-of-Evidence method: If it was recorded that a woman was Aboriginal on =50% of her births in the MNS, then she was assigned the status
of Aboriginal on all of her instances of giving birth.

Ever-Aboriginal method: If it was recorded that a woman was Aboriginal on any of her births in the MNS, then she was assigned the status of
Aboriginal on all of her instances of giving birth.

670 births were excluded as they were multiple births or terminations of pregnancy. Terminations of pregnancy were identified as inductions
resulting in intrapartum death at the established tertiary centre before 22 weeks or resulting in antepartum death between 22 and 24 weeks.

An additional 85 births were excluded as they had missing SEIFA status and therefore could not be included in regression modelling.

Stillbirths were removed from calculations in which neonatal death, resuscitation of admission to special care nursery were the outcome.
Adjusted regression models include covariates that were significant at the P <0.20 level.

PTB, preterm birth; SEIFA, Index of Relative Socio-Economic Advantage and Disadvantage.

Our study utilised a population-based cohort study design
which minimised systematic error. We also had access to 11 years
of data for the whole of WA, which provided a large study popu-
lation. It is known that remoteness of residence is related to se-
vere neonatal morbidity and mortality, %> as well as PTB and low
birthweight.?* While remoteness is correlated to SEIFA score, our
inability to include remoteness in our modelling could be limiting

our ability to appropriately adjust for all maternal characteristics,
in turn affecting our conclusions.

In conclusion, for the period 2009-2019, we determined that
using the Traditional Unlinked method is adequate for identi-
fication of Aboriginal women in the MNS. Where the MNS is in-
ternally linked, use of the Weight-of-Evidence or Ever-Aboriginal
methods provides a marginal improvement. The ISF remains the
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optimal way for identifying Aboriginal women in linked data, but
the other three methods result in similar rates of adverse peri-
natal outcomes. In summary, the stand-alone MNS dataset can
be used (with caution) for epidemiological research in Aboriginal
obstetric populations.
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SUPPORTING INFORMATION

Additional supporting information may be found online in the
Supporting Information section at the end of the article.

Table S1. Ascertainment of maternal Aboriginal status using the
Traditional Unlinked, Weight-of-Evidence, and Ever-Aboriginal
methods, compared to the Indigenous Status Flag (ISF), for the
state and by hospital type (2009-2019).

Table S2. Frequencies and percentages of maternal char-
acteristics by ascertainment method, and associations be-
tween maternal characteristics and under-ascertainment in
the Western Australian Midwives Notification System (MNS)
only methods of Aboriginal identification, compared to the
Indigenous Status Flag (ISF), nulliparous women in Western
Australia (2009-2019).

Table S3. Frequencies and percentages of maternal char-
acteristics by ascertainment method, and associations be-
tween maternal characteristics and under-ascertainment in
the Western Australian Midwives Notification System (MNS)
only methods of Aboriginal identification, compared to the
Indigenous Status Flag (ISF), multiparous women in Western
Australia (2009-2019).
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