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Abstract

Introduction

Optimal mental health in the pre-conception, pregnancy and postpartum periods is important for
both maternal and infant wellbeing. Few studies, however, have focused on Indigenous women and
the specific risk and protective factors that may prompt vulnerability to perinatal mental disorders
in this culturally diverse population.

Objectives

To assess mental health contacts in the period before childbirth among Australian Aboriginal and
Torres Strait Islander women, the association with socioeconomic factors and whether it differs by
geographic remoteness.

Methods

This is a retrospective cohort study of 19,165 Aboriginal mothers and includes all Aboriginal mothers
and their children born in Western Australia from January 1990 to March 2015. It draws on
population-level, linked administrative data from hospitals and mental health services, with a primary
focus on the mental health contacts of Aboriginal women in the 5 years leading up to childbirth.

Results

The prevalence of maternal mental health contacts in the five years prior to birth was 27.6% (93.6%
having a single mental health disorder), with a greater likelihood of contact in metropolitan areas
compared with regional and remote settings. There was a positive relationship between socioeco-
nomic advantage and the likelihood of a mental health contact for women in Metropolitan (B=
0.044, p=0.003) and Inner regional areas (B= 0.033, p=0.018), and a negative association in Outer
regional (B=-0.038, p=0.022), Remote (B=-0.019, p=0.241) and Very remote regions (B= -0.053,
p<0.001).

Conclusions

The findings from this study provide new insights on the dynamic relationship between SES, ge-
ographic location and mental health issues among Aboriginal women in the 5 years leading up to
childbirth. The results underscore the need to apply location-specific approaches to addressing
the material and psychosocial pathways that lead to mental health problems and the provision of
culturally safe, appropriate and accessible services for Aboriginal women.

Introduction

of what is known is based on research among urban women
and with limited cultural diversity in many studies. In partic-

The existing literature clearly supports the importance of ma-
ternal mental health from pre-conception, through pregnancy
and the postpartum for both maternal and infant wellbe-
ing[1,2]. This includes the direct impact of maternal mental
health on both parenting and intergenerational mental health
and developmental outcomes for children[3]. However, much
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ular, there is very limited research on Indigenous women to
understand the specific risk and protective factors that may
specifically underlie their vulnerability to perinatal mental dis-
orders. This raises significant questions about the gaps in our
current understanding and capacity to develop clear guidelines
and recommendations for assessment and management that
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are both culturally appropriate and evidence based for women
within Indigenous communities[4].

Within Australia, the qualitative and ethnographic litera-
ture clearly highlight there is poorer mental health among In-
digenous Australians—including Aboriginal and Torres Strait
Islander peoples (hereafter referred to as Aboriginal)—than in
non-Aboriginal Australians[5,6]. This evidence is supported by
a limited quantitative evidence base[7,8], though few provide
an insight into maternal wellbeing and related inequalities dur-
ing pregnancy and the postpartum. This, in part, reflects the
difficulties in measuring and assessing mental health in cultur-
ally distinct populations[9-11]. A broad range of factors have
been shown to influence the development of mental health
problems, including the social[12], economic and psychological
conditions of families[13]. In addition, it is now well accepted
that the post-colonial history of Aboriginal Australia, char-
acterised by discriminatory policy and practices, widespread
dispossession and exclusion, has been particularly harmful to
the social and emotional wellbeing of Aboriginal peoples and
served to perpetuate a burden of disadvantage across gen-
erations of Aboriginal families[14,15]. Despite a large sum
of money [$9.1 billion (Australian dollars)] spent on mental
health in Australia during year 201617 the rate of commu-
nity mental health care utilisation by Aboriginal patients is
more than three times that of non-Aboriginal patients, with
young females aged 12—17 years having the highest community
mental health care service contact rate in 2017-18[16].

The contribution of socioeconomic status (SES) to in-
creasing vulnerability to mental health problems is a feature
of the quantitative empirical literature, with studies typically
showing better socioeconomic outcomes being associated with
better mental wellbeing[13,17]. While this pattern is also ev-
ident in Aboriginal populations[13,18-20], we have a limited
understanding of how both socioeconomic disadvantage and
residential remoteness may impact perinatal mental health in
Aboriginal women specifically [21-26]. Within Australia, the
impact of location and geographic remoteness is important
in understanding Aboriginal women's mental health given the
unique geographic dispersion of Aboriginal populations. Fur-
thermore, our understanding of the impact of regional, rural
and remote residence on perinatal mental health for women
living in these communities is extremely limited. Within the
existing literature there is little consideration of the context
or differences between rural communities, with even less un-
derstanding of Aboriginal women residing in rural or remote
communities [16].

There are a number of potential differences for Aborigi-
nal women living in rural and remote communities across the
perinatal period and this includes geographical distances asso-
ciated with isolation and access to specialist services, health
promoting lifestyle factors (e.g. diet, exercise, smoking, sleep
and alcohol use), social support, stressful life events (includ-
ing violence and financial issues) and the impact of natural
environment that have all been shown to differ for those liv-
ing in rural communities[8,27,28]. Stress, for example, has
been reported as a more prevalent phenomenon among Abo-
riginal peoples in remote areas; commonly precipitated by the
death of a family member or close friend, overcrowding at
home, alcohol or drug-related problems, serious illness, disabil-
ity, having a family member sent to jail and family financial
strain[6,20,29]. Equally, residing in communities that are cul-

turally safe with connection to family, community and social
support is likely to be protective for mental health even when
this is associated with geographical distance[7].

There is some empirical evidence of the separate effects of
SES and remoteness on mental health contacts among Abo-
riginal women, but the combined effect is not well under-
stood. Australian studies assessing the association between
remoteness and mortality or other health outcomes have con-
sistently found worse outcomes for those living outside of ma-
jor cities[30,31]. Remoteness has an effect above and beyond
SES for a number of subpopulations for cardiovascular mor-
tality[31]. Western Australia (WA), a state of Australia, is an
ideal setting to examine the impact of residence and remote-
ness on perinatal mental health of Aboriginal women, with
significant environmental and culture diversity across a vast
geographic landscape. An improved understanding of both
the geographical and social factors associated with Aboriginal
women's mental health across the childbearing years is impor-
tant if we are to develop recommendations that support bet-
ter mental health outcomes for women, their children, families
and communities. This, in turn, can also provide more nu-
anced guidance to population and public health policies aimed
at reducing mental health prevalence.

This study makes use of unique, population-level linked
administrative data from hospitals and mental health clinics
across WA, with a primary focus on the mental health contacts
for Aboriginal women in the 5 years leading up to childbirth.
Specifically, we aimed to: (1) assess whether there is a social
gradient in Aboriginal women's mental health contacts in the
5 years prior to childbirth; and (2) determine if the socioeco-
nomic pattern of mental health contacts differs by geographic
remoteness. A better understanding of the combined effect
will help us to disentangle the relationship between issues of
access and the enabling resources of relative socioeconomic
advantage.

Methods

Data source

This study used de-identified linked administrative data from
the WA Department of Health that included the Hospital Mor-
bidity Data Collection (HMDC), Mental Health Information
System (MHIS), Midwifes Notification System (MNS), and
Birth Register (BR). The HMDC contains detailed informa-
tion on all inpatient episodes in public and private hospitals
in WA (1970-current), with admissions coded according to
the International Classification of Diseases (ICD). The MHIS
contains information on all mental health-related public and
private inpatient admissions and public outpatient contacts
(1966—current). The MNS records the circumstances of all
births of 20 weeks of gestation or more, with information re-
ceived from attending practitioners since 1980 and was used
as the primary data source to establish the cohort. The Birth
Register dataset has information on all births registered in
WA (1974-current), containing information from the mother,
father and baby. The datasets have been shown to be highly
reliable[32,33] and were linked by the WA Data Linkage Branch
using probabilistic matching and a robust and internationally
accepted privacy preserving protocol[34]. Only de-identified
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data were provided to the research team, via secure transfer.

Study design

This is a retrospective cohort study that includes all Aboriginal
women and their children born in Western Australia from Jan-
uary 1990 to March 2015. Births were identified from the MNS
and Birth Registrations. Indigenous status was derived using
the Getting Our Story Right indicator, developed by Chris-
tensen et al[35] using a multi-stage median approach across a
wide range of datasets to derive an Indigenous status for each
study child. The indicator is considered an optimal approach
to identifying Aboriginality in administrative datasets[35].

Primary outcome— Maternal mental health
contacts

The mental health system in WA includes a mix of public
and private services provided in a range of settings—hospitals,
community mental health units or centres, and private prac-
titioners (GPs) or other mental health specialists. In gen-
eral, patients are referred from a GP or other health providers
when mental health services are required. Patients can re-
ceive mental healthcare as an inpatient — admitted to hos-
pital, clinic or other mental health service — or as an out-
patient, when they receive treatment without being admitted
to hospital. Aboriginal Australians can access mainstream or
Aboriginal-specific services, with Aboriginal-specific services
generally available through community clinics, services pro-
vided by Aboriginal Community Controlled Health Organisa-
tions and other healthcare facilities, and some public hospitals.
Maternal mental health contacts were identified using mental-
health-related inpatient hospital admissions (from HMDC) and
mental-health-related outpatient contacts (from MHIS) and
classified using ICD-10-AM codes (International Statistical
Classification of Diseases and Related Health Problems-Tenth
edition-Australian Modification). Mapping tables were used
to recode different editions of ICD codes. Mothers were clas-
sified as having a mental health-related admission or contact
if they had a mental health-related ICD diagnosis (primary
and/or secondary).

For the purposes of this study, we coded all maternal men-
tal health contacts that occurred in the five years prior to
birth, with each contact coded to one of ten mental health
condition categories, based on ICD-10-AM (Supplementary ta-
ble 1). The ten conditions were Substance-related disorder,
Schizophrenia, Mood disorder, Anxiety, Personality disorder,
Intellectual disability (1Q), Disorders of psychological develop-
ment, Intentional self-harm, Organic mental health disorder
and Other. The ‘other’ mental health related diagnosis group
included contacts for which the principal or secondary diagno-
sis was relevant to mental health but did not meet the specific
criteria for a mental health diagnosis. These consisted of con-
tacts and issues that are generally considered less severe than
those of diagnoses-specific groups.

Primary exposure— Geographic regions and re-
moteness

We included two geographic variables in order to capture as-
pects of remoteness and the characteristics of contiguous ge-

ographic regions—both form part of the Australian Bureau
of Statistics’ (ABS) Australian Statistical Geography Stan-
dard. Geographic remoteness was defined according to the
2011 Remoteness Areas (RAs) classification. The classifica-
tion divides Australia into broad regions that reflect differences
in access to services, cultures and health outcomes for Abo-
riginal women and children. The RAs are based on the Acces-
sibility/Remoteness Index of Australia (ARIA+), and include
five categories—ranging from a major city (Perth Metropoli-
tan area), to Inner regional, Outer regional, Remote and Very
remote areas[36,37]. We had access to RA data calculated us-
ing the Australian Census of Population and Housing in 1996,
2001, 2006 and 2011, and aggregating to Statistical Local Ar-
eas (SLA). RA values were assigned based on year of birth of
the child in the MNS—for example, a child born during 1990-
2000 was assigned the relevant RA value for their mother’s
SLA of usual residence in 1996. In addition, we used adminis-
trative health service region boundaries to divide WA into ten
contiguous geographic regions. These included North, South
and East Metropolitan regions within Perth, the capital city of
WA; the Goldfields, Southwest, Kimberley, Pilbara, Midwest,
Great Southern and Wheatbelt regions. Each of these regions
outside of Perth has at least one regional town centre. WA
is Australia’s largest state and one of the most ecologically
diverse.

Primary exposure— Index of Relative Socio-
Economic Advantage and Disadvantage

The Socio-Economic Indexes for Areas (SEIFA) product, de-
veloped by the ABS, was used to measure area-level socioeco-
nomic status. SEIFA ranks the relative level of disadvantage
of areas using the attributes of all persons (Aboriginal and
non-Aboriginal) in small areas, and includes measures of in-
come, educational attainment, employment status and occu-
pational skill[38]. For the purposes of this study, we have cat-
egorised the SEIFA Index of Relative Advantage/Disadvantage
(IRSAD) into deciles, based on 2006 Census values for chil-
dren born from 1990-2010, and 2011 Census values for all
other participants.

Covariates

Maternal age (single years) and maternal marital status at the
time of a childbirth were recorded in the Birth Registration
dataset. Parity is recorded as a discrete variable for each birth
in the MNS.

Statistical analyses

Data analyses were performed using Stata 13 (StataCorp, Col-
lege Station, TX, USA). Summary estimates for continuous
and categorical variables were calculated as means or pro-
portions with 95% confidence intervals (Cls). Models were
run on the sample of Aboriginal children born between Jan-
uary 1990 and March 2015, inclusive. A series of regression
models were used to assess the relationship between mater-
nal mental health contacts, area-level socioeconomic status
(IRSAD-decile score) and geographic remoteness. First, log-
odds regression models regressed the maternal mental health
contacts log-odds/probability on geographic remoteness and
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IRSAD, without an interaction-term. This unadjusted analy-
sis provided the respective marginal estimates for remoteness
and IRSAD with no statistical interaction. Covariates were
subsequently added to the unadjusted model in a step-wise
fashion to achieve the fully-adjusted log-odds regression model
(marital status, followed by maternal age and maternal parity).
Akaike's Information Criterion (AlC) and Bayesian Information
Criterion (BIC) were used to compare model fit, ranging from
basic to multivariable log-odds models—uwith lower values indi-
cating a better model fit. Next, we compared the results of the
mixed effects log-odds regression model (with no interaction-
term) with the last multivariable log-odds regression model.
Likelihood ratio (LR) test versus logistic regression chi-squared
statistic (with one degree of freedom) determined goodness of
fit for the mixed effects model. Log-odds regression models
are presented as Models 1-3 whereas Model 4 is a mixed effects
log-odds regression, allowing random intercepts for maternal
health service utilisation. The final mixed effects log-odds re-
gression model incorporated an interaction-term between IR-
SAD and remoteness. The two nested mixed effects models,
with and without interaction-term, were compared with the
nested LR ratio. The final mixed effects log-odds regression
model (with the interaction-term) was applied to all Aboriginal
children born between January 1990 and March 2015, thereby
including multiple records per mother and allowing for multi-
ple health service contacts per mother across all births in the
study period.

Results

The final study sample included 19,165 mothers and their
39,845 Aboriginal children born between January 1990 and
March 2015 and represents the participants with complete
information on primary predictors (IRSAD decile score, ge-
ographical remoteness) and other covariates (88.1% of all
45,211 in-scope children). The prevalence of maternal men-
tal health contacts in the five years prior to birth was 27.6%
(n=10,978), with the majority (93.6%) of these having a single
mental health disorder.

The proportion with a maternal mental health contact was
similar between the study sample and those excluded. How-
ever, our sample was more commonly from lower SES areas
and Inner regional and Very remote settings and had a younger
maternal age. The mothers of almost two-thirds (63.8%) of
our sample were married compared with 36.7% of mothers of
the excluded sample (Supplementary table 2).

More than half of the maternal mental health care service
contacts were in Outer regional, Remote and Very remote ar-
eas (56.3%) closely followed by Metropolitan and Inner re-
gional areas (43.6%) (Table 1). Mean age of 25.4 years for
mental health contacts suggested a sample of young mothers
though nearly 10% of mental health contacts were those with
an advanced age of 35 or more years.. More than two-thirds
(77.2%) maternal health contacts had at least one child and
59.8% contacts were married (Table 1).

Supplementary figure 1 showing the influence of IRSAD
and remoteness covariate patterns illustrates the change in
Pearson chi-squared by predicted margins (probability) of men-
tal health contact to be appropriate, with no significant out-
liers. Supplementary table 3 shows results for the adequacy

of model fit comparing model fit statistics, Akaike's Informa-
tion criterion (AIC) and Bayesian information criterion (BIC),
across all the models, including the mixed effects models. The
lower values of AIC and BIC indicated a better model fit. Table
2 - Model 4 mixed effects model with no interaction (Supple-
mentary figure 2) was not superior to the mixed effects model
with the interaction-term between SES and remoteness (Table
3).

Table 2- Model 4 mixed effects model allowed random in-
tercept for health service regions, thereby adjusting for vari-
ability in the contacts across health service regions. The ran-
dom effects parameter estimate indicated significant variation
in maternal mental health contacts by region, the standard de-
viation of random intercepts being nearly four standard errors
from zero (0.178) (Table 2 footnote). The LR test for mixed
effects Logistic regression (Model 4) versus fixed effects Lo-
gistic regression (Model 3) was significant (Table 2 footnote).

Figure 1 illustrates distinct regional differences in mater-
nal mental health contacts, after allowing for socioeconomic
status, geographic remoteness, marital status, maternal age
and parity. Large positive random y-intercepts were observed
for Great Southern, Kimberley, Pilbara, Midwest, and North
Metropolitan regions, with negative random y-intercepts for
the South West, Goldfields, and Wheatbelt regions and the
South Metropolitan area.

When specifying an interaction between IRSAD and
remoteness, we observed differences in the fixed effect
interaction-term coefficients (Table 3, Figure 2, and Supple-
mentary figure 3). The mixed effects log-odds model esti-
mates highlight statistically significant effects for the interac-
tion terms for Outer regional (-0.038 minus 0.044 equal to
-0.082), Remote (-0.019 minus 0.044 equal to -0.064), and
Very remote (-0.053 minus 0.044 equal to -0.097) areas when
compared with the Metropolitan area. In other words, the
effect of SES (IRSAD decile slope) for Metropolitan versus
Outer regional, Metropolitan versus Remote, and Metropoli-
tan versus Very remote was 7.9%, 6.2%, and 9.2% higher,
respectively.

Other significant pairwise comparisons of marginal pre-
dictions were observed between Remote and Inner regional
(Coefficient=-0.053, p=0.016), Very Remote and Inner re-
gional (Coefficient=-0.086, p=0.000), and Outer regional and
Inner regional areas (interaction coefficient=-0.071, p=0.001).
All the pairwise comparisons involving Very Remote, Remote
and Outer regional were not statistically significant (Sup-
plementary table 4). The coefficients for Remote versus
Metropolitan areas (-0.064, p=0.083) and Remote versus the
Inner regional areas (-0.053, p=0.210) were attenuated after
adjustment for multiple comparisons (Supplementary table 5).

Discussion

Our study found that, among Aboriginal women, higher so-
cioeconomic status (SES) was associated with a decreased
likelihood of a contact with mental health services in the five
years prior to childbirth. This is consistent with the broader
empirical literature, which has demonstrated that socioeco-
nomic advantage is associated with lower risk of mental ill-
ness in both child and adult populations[12,39]. While this
pattern is also evident in the small number of studies con-
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Table 1: Prevalence of maternal mental health contacts in the 5 years prior to birth, by selected characteristics

Independent variables Observation (n) % [95%Cl]
Overall Mean IRSAD 10978 54 [5.4,5.5]
IRSAD deciles 1-2 2873  26.2 [25.3,27.0]
IRSAD deciles 3-4 1743 159 [15.2,16.6]
IRSAD deciles 5-6 1280 11.7 [11.1,12.3]
IRSAD deciles 7-8 2549 232 [22.4,24.0]
IRSAD deciles 9-10 2533 231 [22.3,23.9]
Remoteness Areas 10978

Metropolitan 2816 25.6 [24.8,26.5]
Inner regional 1981 18.0 [17.3,18.8]
Outer regional 1056 9.6 [9.1,10.2]
Remote 837 7.6 [7.1,8.1]
Very remote 4288 39.1 [38.1,40.0]
Maternal marital status 10978

Not married 3950 36.0 [35.1,36.9]
Widowed 18 02  [0.1,0.2]
Divorced 27 0.2 [0.2,0.3]
Separated 2718 25 [2.2,2.8]
Married/de facto 6560 59.8 [58.8,60.7]
Not stated 145 1.3 [1.1,1.5]
Overall Mean Maternal age 10978 25.4 [25.3,25.5]
<24 years 5055 46.1 [45.1,47.0]
25-34 years 4904 447 [43.7,45.6]
>35 years 1019 93 [8.7,9.8]
Maternal parity 10978

Parity: none 2507 228 [22.1,23.6]
Parity: 1+ 8471 77.2 [76.4,77.9]

IRSAD = Index of Relative Socioeconomic Advantage and Disadvantage
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Unadjusted log-odds
model (Model 1)2

Partially adjusted

log-odds model

Fully adjusted
log-odds model

Mixed effects
log-odds model

(Model 2)® (Model 3)° (Model 4)d
Remoteness Areas
Metropolitan (Baseline)
Inner regional -0.254*** -0.228*** -0.238*** -0.196***
[-0.321,-0.186] [-0.296,-0.160] [-0.307,-0.169] [-0.267,-0.126]
Outer-regional -0.273%** -0.237%** -0.219%** -0.188***
[-0.360,-0.185] [-0.325,-0.149] [-0.300,-0.129] [-0.283,-0.093]
Remote -0.512%** -0.485*** -0.467*** -0.472%**
[-0.606,-0.418] [-0.580,-0.391] [-0.564,-0.371] [-0.575,-0.370]
Very remote -0.397%** -0.351%** -0.335%** -0.393***
[-0.467,-0.327] [-0.422,-0.280] [-0.407,-0.263] [-0.479,-0.306]
IRSAD-decile score -0.038*** -0.038*** -0.036*** -0.019***

[-0.048,-0.029]

Marital Status
Not married (Baseline)
Widowed

Divorced

Separated

Married/de facto

Unknown

Maternal age at the time of childbirth

Maternal parity (one or more children)

[-0.048,-0.029]

0.355
[-0.229,0.938]

0.06
[-0.395,0.516]

0.526%%x
[0.368,0.685]

-0.157%¥*
[-0.204,-0.111]

0.207*
[0.005,0.410]

[-0.046,-0.027]

0.127
[-0.460,0.714]

-0.263
[-0.728,0.201]

0.242%*
[0.080,0.404]

-0.317%%*
[-0.367,-0.267]

0.143
[-0.063,0.349]

0.013%%*
[0.008,0.018]

0.109%**
[0.093,0.124]

[-0.030,-0.008]

0.117
[-0.472,0.706]

-0.269
[-0.735,0.197]

0.228**
[0.066,0.391]

-0.319%**
[-0.369,-0.269]

0.151
[-0.057,0.358]

0.013%%*
[0.008,0.018]

0.108%**
[0.092,0.124]

Observations 40794

40794

39869

39845

Random-effects Parameters Not applicable

for Health regions

Not applicable

Not applicable

Applicable ¥

95% confidence intervals in brackets

*p < 0.05 **p < 0.01, ¥***p < 0.001

@ Remoteness Areas and socioeconomic IRSAD decile score
b Maternal marital status

¢ Maternal age and maternal parity

d Likelihood Ratio test for mixed effects (Model 4) versus Logistic regression (Model 3): chibar2(01) = 112.34 Prob>=chibar2 =

0.0000.

¥ Random-effects Parameter Estimate for Health regions [sd(cons)=0.178 Std. Err.(0.046); 95% Cl: 0.107, 0.297]
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Figure 1: Random intercept estimates for maternal mental health contacts, by health service regions of Western Australia
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Figure 2: Predicted margins (log-odds) of mental health contact by geographic remoteness and IRSAD interaction
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Table 3: Mixed effects multivariable logit regression model predicting log-odds of maternal mental health contacts by IRSAD-decile

score and geographic remoteness interaction

Observations=39,845

Final mixed effects logit-model with interaction term

Coefficient  95% Conf. Interval
Metropolitan (Baseline)
Inner regional -0.078 [-0.395,0.239]
Outer-regional 0.410** [0.115,0.706]
Remote 0.046 [-0.245,0.337]
Very remote 0.256* [0.002,0.509]
IRSAD decile score 0.044** [0.015,0.073]
Interaction between Metropolitan and IRSAD (Baseline)
Interaction between Inner regional and IRSAD -0.011 [-0.051,0.029]
Interaction between Outer regional and IRSAD -0.082%*** [-0.126,-0.039]
Interaction between Remote area and IRSAD -0.064** [-0.107,-0.020]
Interaction between Very remote area and IRSAD -0.097*** [-0.130,-0.064]
Not married (Baseline)
Widowed 0.116 [-0.474,0.706]
Divorced -0.273 [-0.739,0.193]
Separated 0.224%* [0.062,0.387]
Married/de facto -0.315%** [-0.365,-0.265]
Not stated 0.155 [-0.053,0.362]
Maternal age at the time of childbirth 0.013%** [0.008,0.018]
Maternal Parity 0.109*** [0.093,0.124]
Model constant (_cons) -1.6527%%* [-1.806,-1.247]

Random-effects Parameters for Health regions

[sd(cons)=0.159 Std. Err.(0.043)

[0.094,0.271]

95% confidence intervals in brackets
*p <0.05

** p < 0.01

*** p < 0.001
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ducted among Aboriginal Australians[13], none have focused
on the perinatal period. Our results specifically indicate that
neighbourhood-level disadvantage has a strong effect on men-
tal health contacts of Aboriginal mothers in the period prior to
childbirth. While this may be a reflection of the mechanisms
by which SES impacts the development and manifestation of
mental health problems (including direct and indirect mate-
rial and psychosocial pathways), it is also likely to reflect the
pragmatic limitations of living in poorer neighbourhoods with
fewer resources for accessing specialist mental health care.

Our study provides new insights on the dynamic relation-
ship between SES and geographic location, highlighting that
the pattern of socioeconomic disparities in maternal mental
health contacts varied by remoteness of residence. A reverse
gradient was observed in urban settings (Metropolitan and
Inner regional areas), whereby mental health contacts were
more likely to occur in mothers living in less disadvantaged
areas. While those living in urban areas typically have access
to a broader range of mental health services [40,41], Aborigi-
nal Australians face a range of barriers to services that extend
beyond proximity, to issues that are intrinsically linked with
disadvantage. These include affordability and the perceived
cultural safety, security and competence of service providers
and practitioners. Cultural barriers stem from a historical mis-
trust of mainstream services by Aboriginal peoples [42], which
has been fuelled by experiences that were commonly charac-
terised by discrimination and prejudice and the broader role
of Australian Government and non-government institutions in
past policies and practices that lead to the forced separation
of Aboriginal people in Australia from family and kinship net-
works[14,43].

In contrast, the findings in more remote areas are consis-
tent with a conventional social patterning of health model.
This may reflect the myriad pathways by which SES shapes
mental wellbeing or the distribution of mental health-related
services in more remote settings. While Aboriginal-specific
services—including community clinics and services provided by
Aboriginal Community Controlled Health Organisations (AC-
CHOs)—provide an important first point of contact for many
Aboriginal people, there are significant gaps in the provision
of these services in Remote and Very remote parts of WA[44].
As a result, this may lead more disadvantaged Aboriginal peo-
ple in these areas to seek support preferentially from hospital
settings, instead of specialist and other higher cost options.

The study affirms that mental health issues place a con-
siderable burden on Aboriginal mothers and families in the
perinatal period, with over a quarter of Aboriginal mothers
having a mental health contact in the five years prior to birth.
While our results further implicate socioeconomic status as
an important, distal determinant of mental health disorders
and problems, it is part of a complex etiology[17]. In the
context of Aboriginal Australia, this etiology includes discrim-
ination, stress and the cumulative, inter-generational and per-
vasive legacies of a colonial history[45]—all of which have had
a traumatic negative effect on the social and emotional well-
being of Aboriginal people over time[46]. Stress, in particular,
has been shown to be highly prevalent in Aboriginal popula-
tions[6,20,41,47], with a considerable literature demonstrating
the adverse impact of intrauterine and antenatal exposure to
stress on pregnancy health and the health of children at birth
and into childhood[48,49]. In addition to the direct effects
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of stress and discrimination, these factors can also indirectly
impact mental wellbeing by creating barriers to optimal health
care and the range of resources that are required to support
family planning and a healthy pregnancy[50].

We found distinct regional differences in maternal men-
tal health contacts, even after adjusting for geographic re-
moteness and socio-demographic factors—whereby the aver-
age level of contacts was particularly high in the Kimberley
and Great Southern regions, and lower in the South West,
Goldfields, South Metropolitan and Other areas (including the
Central and East Metropolitan areas). This is likely to re-
flect the distribution of mainstream and Aboriginal-specific
services—including the location of hospitals, clinics and other
mental health services. The Kimberley, for example, has a
high level of specialist mental health services[51], which are
provided in a range of regional centres and via mobile out-
reach services to smaller and more remote locations. ACCHOs
are key providers of these services, and typically provide holis-
tic, culturally-centred services—which can alleviate some of
the impediments to seeking care and lead to access levels that
corresponds more loosely to the burden of mental health prob-
lems in Aboriginal populations[52].

Collectively, the study results underscore the need for
location-specific approaches to addressing the material and
psychosocial pathways that lead to mental health problems
among Aboriginal populations, including those that manifest
in the period of pregnancy and early motherhood. The Look-
ing Forward project has reinforced the notion that local context
is critical in the design of effective mental health services for
Aboriginal peoples[53]. It featured a co-design model, with
an emphasis on local community Elder and member input and
an Aboriginal worldview as central to the process of devel-
oping improved models of mental health care tailored to their
community—the Nyoongar community in Perth, WA. This ap-
proach is predicated on the notion that culturally-safe special-
ist mental health services are more likely to be accepted by,
and fit the needs of, local community members, and lead to
earlier intervention and a greater likelihood of preventing poor
downstream consequences of mental illness.

In the context of perinatal and pregnancy health, previ-
ous research has highlighted the need for policies directed at
the development of a multisector, holistic healthcare model
that focuses on intervention at the earliest stages of family
planning[46,54]. This includes the provision of support with
a trauma informed lens, in order to respond to women that
are facing complex risk factors associated with exposure to
violence, toxic stress and the legacies of colonisation. The
implementation of these approaches represents a considerable
challenge for policy makers and service providers but are re-
quired to alleviate the considerable burden of mental health
issues among Aboriginal women at and after birth.

Limitations

The estimations in this study can at most be considered an
average over the five-year time-span given the possible differ-
ences in clinical diagnoses, cultural and demographic factors
over those years. Our study is restricted to mental health di-
agnoses from hospital admissions (HMDC) and contacts with
mental health services (MHIS). Accordingly, it does not cap-
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ture people with undiagnosed conditions and those not receiv-
ing assistance for mental health conditions, and likely under-
estimates the scale of mental health-related contacts.

The spatial and geographical distribution of the population
was measured using the variable Remoteness Areas (RAs) clas-
sification developed by ABS. This reflects the actual area of
residence of each individual and not necessarily the distribution
of health or mental health services.

Given the available data, we were unable to account for rel-
evant proximal determinants of mental health problems (e.g.
substance abuse, alcohol and smoking) or more distal, possi-
ble upstream contributors to poor mental health (e.g. racism,
discrimination and the intergenerational effects of trauma).

Strengths

One of the key strengths of the study is that it provides a com-
parative estimate of socioeconomic and geographic remoteness
parameters using two mixed effect models, with and without
their interaction.

The study draws on total population data in the state of
WA, which is large in scale and time period. This includes ro-
bust, high-quality data registries that have been linked using
internationally accepted best practice procedures.

Conclusion

This study provides new insights on the dynamic relationship
between SES, geographic location and mental health issues
among Australian Aboriginal women in the five years leading
up to childbirth. We highlight that the pattern of socioe-
conomic disparities in maternal mental health contacts varies
by remoteness of residence, with a reverse gradient observed
in urban settings and a traditional pattern evident in more re-
mote areas. The results underscore the need to apply location-
specific approaches to addressing the material and psychoso-
cial pathways that lead to mental health problems and the
provision of culturally safe, appropriate and accessible services
for Aboriginal peoples.

Acknowledgements

We gratefully acknowledge the Data Linkage Branch (West-
ern Australian Government Department of Health) and the
government agencies for providing data for this project. This
paper does not necessarily reflect the views of the government
departments involved in this research.

Conflict of interest statement

The authors declare they have no conflicts of interest.

Funding

RM is supported by an Australian Research Council (Discovery
Indigenous Grant IN120100026). CCJS is funded by National
Health and Medical Research Council (NHMRC; Project Grant
1127265).

11

Ethical Approvals

The study was approved by the Western Australian Aboriginal
Health Ethics Committee (reference 416), Murdoch Univer-
sity Human Research Ethics Committee (reference 2014/025)
and Western Australian Department of Health WA Human Re-
search Ethics Committee (reference 2014/21). These ethical
approvals support a waiver of consent on the basis that the
study utilises routinely collected information from existing ad-
ministrative datasets (and, accordingly, does not include active
participants), and only has access to de-identified data, which
are stored, analysed and disseminated according to strict pro-
tocols.

References

1. Goodman SH, Rouse MH, Connell AM, Broth MR,
Hall CM, Heyward D. Maternal Depression and Child
Psychopathology: A Meta-Analytic Review. Clinical
Child and Family Psychology Review. 2011;14(1):1-27.
https://doi.org/10.1007/s10567-010-0080-1

2. Lewis AJ, Galbally M, Gannon T, Symeonides C.
Early life programming as a target for prevention
of child and adolescent mental disorders. BMC
Medicine. 2014;12:33. https://doi.org/10.1186/
1741-7015-12-33

3. Galbally M, Lewis AJ. Depression and parenting: the
need for improved intervention models. Current Opin-
ion in Psychology. 2017;15:61-5. https://doi.org/
10.1016/j.copsyc.2017.02.008

4. Austin, M-P | Highet, N., Expert Working Group.
(2017). Mental health care in the perinatal period: Aus-
tralian clinical practice guideline. Melbourne: Centre of
Perinatal Excellence.

5. Anderson |, Baum F, Bentley M. Beyond Bandaids: Ex-
ploring the Underlying Social Determinants of Aborig-
inal Health. Papers from the Social Determinants of
Aboriginal Health Workshop, Adelaide, July 2004. Dar-
win: Cooperative Research Centre for Aboriginal Health;
2007.

6. Hunter E. Disadvantage and discontent: A review of
issues relevant to the mental health of rural and re-
mote Indigenous Australians. Australian Journal of Ru-
ral Health. 2007;15(2):88-93. https://doi.org/10.
1111/3j.1440-1584.2007.00869.x

7. Zubrick S, Silburn S, Lawrence D, Mitrou F, Dalby
R, Blair E, et al. The Western Australian Aboriginal
Child-Health Survey: The Social and Emotional Well-
being of Aboriginal Children and Young People. Perth:
Telethon Institute for Child Health Research; 2005.
https://doi.org/10.1017/50033291710002485

8. Australian Health Ministers' Advisory Council, 2017,
Aboriginal and Torres Strait Islander Health Perfor-
mance Framework 2017 Report, AHMAC, Canberra.


https://doi.org/10.1007/s10567-010-0080-1
https://doi.org/10.1186/1741-7015-12-33
https://doi.org/10.1186/1741-7015-12-33
https://doi.org/10.1016/j.copsyc.2017.02.008
https://doi.org/10.1016/j.copsyc.2017.02.008
https://doi.org/10.1111/j.1440-1584.2007.00869.x
https://doi.org/10.1111/j.1440-1584.2007.00869.x
https://doi.org/10.1017/S0033291710002485

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

12

Bhat, SK et. al. / International Journal of Population Data Science (2020) 5:1:09

Williamson AB, Raphael B, Redman S, Daniels J, Eades
SJ, Mayers N. Emerging themes in Aboriginal child and
adolescent mental health: findings from a qualitative
study in Sydney, New South Wales. Medical Journal of
Australia. 2010;192(10):603. https://doi.org/10.
5694/3.1326-5377.2010.tb03649.x

Lampe L, Shadbolt N, Starcevic V, Boyce P, Brakoulias
V, Hitching R, et al. Diagnostic processes in mental
health: GPs and psychiatrists reading from the same
book but on a different page. Australasian Psychia-
try. 2012;20(5):374-8. https://doi.org/10.1177/
1039856212458007

Cohen A. The mental health of indigenous peoples: an
international overview. Geneva: Nations for Mental
Health, Department of Mental Health, World Health Or-
ganization; 1999.

Marmot M, Friel S, Bell R, Houweling TAJ, Taylor S.
Closing the gap in a generation: health equity through
action on the social determinants of health. The Lancet.
2008;372(9650):1661-9.

Shepherd CCJ, Li J, Mitrou F, Zubrick SR. Socioe-
conomic disparities in the mental health of Indige-
nous children in Western Australia. BMC Public
Health. 2012;12(1):756. https://doi.org/10.1186/
1471-2458-12-756

Human Rights and Equal Opportunity Commission.
Bringing Them Home: National Inquiry into the Sep-
aration of Aboriginal and Torres Strait Islander Chil-
dren from Their Families. Canberra: Human Rights and
Equal Opportunity Commission; 1997.

King M, Smith A, Gracey M. Indigenous health part 2:
the underlying causes of the health gap. The Lancet.
2009;374(9683):76-85. https://doi.org/10.1016/
S0140-6736(09)60827-8

Australian Institute of Health and Welfare 2019. Men-
tal health services—in brief 2019. Cat. no. HSE 228.
Canberra: AIHW.

Allen J, Balfour R, Bell R, Marmot M. Social determi-
nants of mental health. International Review of Psy-
chiatry. 2014;26(4):392-407. https://doi.org/10.
3109/09540261.2014.928270

Phillips A. Health status differentials across rural
and remote Australia.  Australian Journal of Rural
Health. 2009;17(1):2-9. https://doi.org/10.1111/
j-1440-1584.2008.01029.x

Zhang A, Hughes JT, Brown A, Lawton PD, Cass A,
Hoy W, et al. Resting heart rate, physiological stress
and disadvantage in Aboriginal and Torres Strait Is-
lander Australians: analysis from a cross-sectional study.
BMC cardiovascular disorders. 2016;16(1):36. https:
//doi.org/10.1186/s12872-016-0211-9

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

Parker R, Milroy H. Aboriginal and Torres Strait Islander
mental health: an overview. Working together: Aborig-
inal and Torres Strait Islander mental health and wellbe-
ing principles and practice 2nd ed Canberra: Department
of The Prime Minister and Cabinet. 2014:25-38.

Kuipers P, Lindeman MA, Grant L, Dingwall K. Front-
line worker perspectives on indigenous youth suicide in
Central Australia: initial treatment and response. Ad-
vances in Mental Health. 2016;14(2):106-17. https:
//doi.org/10.1080/18387357.2016.1160753

Sweeney P, Kisely S. Barriers to managing mental
health in Western Australia. Australian Journal of Ru-
ral Health. 2003;11(4):205-10. https://doi.org/10.
1046/j.1440-1584.2003.00504.x

Boyd CP, Aisbett DL, Francis K, Kelly M, Newnham K,
Newnham K. Issues in rural adolescent mental health in
Australia. Rural and remote health. 2006;6(1):501.

Department of Families H, Community Services and In-
digenous Affairs,. Key Summary Report from Wave 2.
Canberra: FaHCSIA.; 2011.

Campbell A, Manoff T, Caffery J. Rurality and men-
tal health: an Australian primary care study. Rural and
remote health. 2006;6(3):595.

Sawyer MG, Arney F, Baghurst P, Clark J, Graetz B,
Kosky R, et al. The mental health of young people in
Australia: Blackwell Science; 2000.

Jablensky A, McGrath J, Herrman H, Castle D, Gureje
O, Evans M, et al. Psychotic disorders in urban ar-
eas: an overview of the Study on Low Prevalence Disor-
ders. Australian and New Zealand Journal of Psychia-
try. 2001;34(2):221-36. https://doi.org/10.1080/
j.1440-1614.2000.00728.x

Dolja-Gore X, Loxton DJ, D'Este CA, Byles JE. Men-
tal health service use: Is there a difference between
rural and non-rural women in service uptake? Aus-
tralian Journal of Rural Health. 2014;22(3):92-100.
https://doi.org/10.1111/ajr.12109

McNamara BJ, Banks E, Gubhaju L, Joshy G,
Williamson A, Raphael B, et al. Factors relating to
high psychological distress in Indigenous Australians and
their contribution to Indigenous—non-Indigenous dispar-
ities. Australian and New Zealand journal of public
health. 2018;42(2):145-52. https://doi.org/10.
1111/1753-6405.12766

Chondur R, Li SQ, Guthridge S, Lawton P. Does rela-
tive remoteness affect chronic disease outcomes? Ge-
ographic variation in chronic disease mortality in Aus-
tralia, 2002-2006. Australian and New Zealand Jour-
nal of Public Health. 2014;38(2):117-21. https:
//doi.org/10.1111/1753-6405.12126

Jacobs J, Peterson KL, Allender S, Alston LV, Nichols
M. Regional variation in cardiovascular mortality in Aus-
tralia 2009-2012: the impact of remoteness and socioe-
conomic status. Australian and New Zealand Journal of


https://doi.org/10.5694/j.1326-5377.2010.tb03649.x
https://doi.org/10.5694/j.1326-5377.2010.tb03649.x
https://doi.org/10.1177/1039856212458007
https://doi.org/10.1177/1039856212458007
https://doi.org/10.1186/1471-2458-12-756
https://doi.org/10.1186/1471-2458-12-756
https://doi.org/10.1016/S0140-6736(09)60827-8
https://doi.org/10.1016/S0140-6736(09)60827-8
https://doi.org/10.3109/09540261.2014.928270
https://doi.org/10.3109/09540261.2014.928270
https://doi.org/10.1111/j.1440-1584.2008.01029.x
https://doi.org/10.1111/j.1440-1584.2008.01029.x
https://doi.org/10.1186/s12872-016-0211-9
https://doi.org/10.1186/s12872-016-0211-9
https://doi.org/10.1080/18387357.2016.1160753
https://doi.org/10.1080/18387357.2016.1160753
https://doi.org/10.1046/j.1440-1584.2003.00504.x
https://doi.org/10.1046/j.1440-1584.2003.00504.x
https://doi.org/10.1080/j.1440-1614.2000.00728.x
https://doi.org/10.1080/j.1440-1614.2000.00728.x
https://doi.org/10.1111/ajr.12109
https://doi.org/10.1111/1753-6405.12766
https://doi.org/10.1111/1753-6405.12766
https://doi.org/10.1111/1753-6405.12126
https://doi.org/10.1111/1753-6405.12126

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

13

Bhat, SK et. al. / International Journal of Population Data Science (2020) 5:1:09

Public Health. 2018;42(5):467-73. https://doi.org/
10.1111/1753-6405.12807

Holman CDAJ, Bass AJ, Rouse IL, Hobbs MST.
Population-based linkage of health records in Western
Australia: development of a health services research

linked database. Australian and New Zealand Journal
of Public Health. 1999;23(5):453-9.

Gee V, Dawes V. Validation study of the Western Aus-
tralian Midwives’ Notification System 1992. Perth:
Health Department of Western Australia, 1994 Contract
No.: Occasional paper 59.

Holman CDAJ, Bass AJ, Rouse IL, Hobbs MST.
Population-based linkage of health records in
Western  Australia: development of a health
services research linked database. Australian
and New Zealand Journal of Public Health.
2008;23(5):453-9.  urlhttps://doi.org/10.1111/.1467-
842X.1999.tb01297.x

Christensen D, Davis G, Draper G, Mitrou F, McKeown
S, Lawrence D, et al. Evidence for the use of an algo-
rithm in resolving inconsistent and missing Indigenous
status in administrative data collections. Australian
Journal of Social Issues. 2016;49(4):423-43. https://
doi.org/10.1002/j.1839-4655.2014.tb00322.x

ABS (Australian Bureau of Statistics) 2001a. ABS views
on remoteness, 2001a. Information paper. ABS cat. no.
1244.0. Canberra: ABS.

Australian Institute of Health and Welfare. Rural, re-

gional and remote health: A guide to remoteness classi-
fications. Rural Health Series. Number 4: Mar 2004.

ABS (Australian Bureau of Statistics), 2013. Socio-
economic Index of Area (SEIFA). Technical paper, 2011.
ABS Catalogue no. 2033.0.55.001. Canberra: ABS.

World Health Organization and Calouste Gulbenkian
Foundation. Social determinants of mental health.
Geneva, World Health Organization, 2014.

National Rural Health Alliance. Mental Health in Ru-
ral and Remote Australia, Fact Sheet December 2017,
Canberra, National Rural Health Alliance, 2017.

Australian Institute of Health and Welfare 2016. Aus-
tralia's health 2016. Australia’s health series no. 15.
Cat. no. AUS 199. Canberra: AIHW.

Taylor KP, Thompson SC. Closing the (service) gap: ex-
ploring partnerships between Aboriginal and mainstream
health services. Aust Health Rev. 2011;35(3):297-308.
https://doi.org/10.1071/AH10936

Reibel T, Walker R. Antenatal services for Aboriginal
women: the relevance of cultural competence. Qual
Prim Care. 2010;18(1):65-74.

Australian Institute of Health and Welfare. Spatial vari-
ation in Aboriginal and Torres Strait Islander people’s
access to primary health care. Cat. no. IHW 155. Can-
berra: AIHW.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Shepherd CCJ, Li J, Zubrick SR. Social gradients in
the health of Indigenous Australians. Am J Public
Health. 2012;102(1):107-17. https://doi.org/10.
2105/AJPH.2011.300354

Twizeyemariya A, Guy S, Furber G & Segal L. Risks
for Mental lllness in Indigenous Australian Children: A
Descriptive Study Demonstrating High Level of Vul-
nerability. The Milbank Quarterly, Vol. 95, No. 2,
2017 (pp. 319-357). https://doi.org/10.1111/
1468-0009.12263

Australian Bureau of Statistics. The Health and Welfare
of Australia’s Aboriginal and Torres Strait Islander Peo-
ples. Canberra: Australian Bureau of Statistics; 2010.

McEwen BS. Early life influences on life-long patterns of
behavior and health. Ment Retard Dev Disabil Res Rev.
2003;9(3):149-54. https://doi.org/10.1002/mrdd.
10074

Weetra D, Glover K, Buckskin M, Kit JA, Leane C,
Mitchell A, et al. Stressful events, social health is-
sues and psychological distress in Aboriginal women
having a baby in South Australia: implications for an-
tenatal care. BMC Pregnancy and Childbirth [Inter-
net]. 2016; 16(1):1-12. https://doi.org/10.1186/
$12884-016-0867-2.

Paradies Y. Racism. In B. Carson, T. Dunbar, R. D.
Chenhall, & R. Bailie (Eds.), Social Determinants of In-
digenous Health (pp. 65-86). Sydney: Allen & Unwin,
2007.

Furst M, Reynolds J, Salinas JA, Tsou C, Rock D,
Hopkins J, Bell T, Woods L, McLoughlin L, Stretton
A,Mendoza J, Bagheri N, Salvador-Carulla L. Atlas of
Mental Health Care of the Kimberley Region (Western
Australia). Australian National University and Western
Australia Primary Health Alliance (WAPHA) (2018).

Puszka S, Dingwall KM, Sweet M, Nagel T. E-mental
health innovations for Aboriginal and Torres Strait Is-
lander Australians: a qualitative study of implemen-
tation needs in health services. JMIR mental health.
2016;3(3):e43. http://doi.org/10.2196/mental.
5837

Wright M, O'Connell M. Negotiating the right path:
Working together to effect change in healthcare service

provision to Aboriginal peoples. Action Learning Action
Research Journal. 2015;21.

Marriott R, Ferguson-Hill S. Perinatal and Infant Men-
tal Health and Wellbeing. Working together: Aborigi-
nal and Torres Strait Islander mental health and wellbe-
ing principles and practice. 2nd edition: Department of
The Prime Minister and Cabinet, 2014:337-54. ISBN
9780977597536.


https://doi.org/10.1111/1753-6405.12807
https://doi.org/10.1111/1753-6405.12807
https://doi.org/10.1002/j.1839-4655.2014.tb00322.x
https://doi.org/10.1002/j.1839-4655.2014.tb00322.x
https://doi.org/10.1071/AH10936
https://doi.org/10.2105/AJPH.2011.300354
https://doi.org/10.2105/AJPH.2011.300354
https://doi.org/10.1111/1468-0009.12263
https://doi.org/10.1111/1468-0009.12263
https://doi.org/10.1002/mrdd.10074
https://doi.org/10.1002/mrdd.10074
https://doi.org/10.1186/s12884-016-0867-2
https://doi.org/10.1186/s12884-016-0867-2
http://doi.org/10.2196/mental.5837
http://doi.org/10.2196/mental.5837

Bhat, SK et. al. / International Journal of Population Data Science (2020) 5:1:09
Abbreviations

IRSAD (Index of Relative Advantage/Disadvantage), SEIFA
(Socio-Economic Index for Areas), SES (socioeconomic sta-
tus), AIC (Akaike's Information Criterion), BIC (Bayesian In-
formation Criterion), LR (Likelihood ratio)

14



