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Abstract: Alcohol use and related injuries are a leading risk factor for deaths and disabilities in
Australia, particularly for Aboriginal and Torres Strait Islander people. An improved understanding
of individual and geographical community characteristics that are significantly associated with
higher rates of alcohol-related injuries for specific populations can contribute to more effective
efforts aimed at reducing alcohol-related injuries. For Aboriginal and non-Aboriginal Australians
in New South Wales, this study used emergency department (ED) data to investigate rates of
alcohol-related injuries, whether differences in rates vary between communities, and individual
and community characteristics significantly associated with alcohol-related injuries. Differences in
rates of alcohol-related injuries between Aboriginal and non-Aboriginal people varied significantly
between communities. Being younger than 38 years old was significantly associated with increased
risk of alcohol-related injuries, independent of Aboriginal status and gender. Increased disadvantage
of the geographical community inhabited was associated with increased alcohol-related injuries
for males. For Aboriginal males, living in a regional community was significantly associated with
increased alcohol-related injuries, compared to living in major cities. Conversely, for non-Aboriginal
people, living in regional communities was significantly associated with fewer alcohol-related
injuries. It is therefore likely that an explanation for between-community differences can be found in
regional communities.

Keywords: alcohol-related harms; aboriginal; indigenous; community; epidemiology;
emergency department

1. Introduction

Alcohol use is a leading risk factor for deaths and disability for those younger than 50 years
of age [1], particularly among disadvantaged populations. For example, in Australia, 2.3% of the
burden of disease is attributed to alcohol use for the general population [1,2], but 8% for Aboriginal
and Torres Strait Islander Peoples [3]. Alcohol-related intoxication can result in sustained injuries:
14% of all emergency department (ED) presentations were alcohol-related in Australia in 2013 [4].
Alcohol-related injuries have a high, preventable societal cost of between 1.3% and 3.3% of countries’
gross domestic product [5–7], costing the health care systems annually approximately 1.24 billion USD
in Australia [8].
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Individual characteristics that are significantly associated with increased alcohol-related injuries
include being younger, male, unmarried and unemployed [9–13]. Community characteristics
significantly associated with higher rates of alcohol-related injuries include socioeconomic disadvantage,
increased density of alcohol outlets and remoteness of the community [9,14–17]. Previous studies have
not identified whether these characteristics differ between communities in the same jurisdiction or
between different groups and who may experience higher rates of alcohol-related injuries, such as
Aboriginal compared to non-Aboriginal People [18]. An improved understanding of the generalisability
of individual and community characteristics that are significantly associated with higher rates of
alcohol-related injuries can contribute to more effective efforts aimed at reducing alcohol-related
injuries as they can target the specific characteristics of different communities and defined populations.

This study had three aims. First, to estimate and specify rates of alcohol-related injuries by
individual and community characteristics in New South Wales (NSW) Australia, separately for
Aboriginal and non-Aboriginal Australians. Second, to investigate whether differences in rates of
alcohol-related injuries between Aboriginal and non-Aboriginal Australians vary across geographical
communities. Third, to identify individual and community characteristics that are significantly
associated with alcohol-related injuries separately for Aboriginal and non-Aboriginal Australians.

2. Materials and Methods

2.1. Ethics

The research was approved by the NSW Aboriginal Health and Medical Research Council Ethics
Committee (no. 987/13) and the NSW Population and Health Services Research Ethics Committee
(no. 2014/02/516).

2.2. Study Design and Setting

An epidemiological study using routinely collected ED presentation data in NSW between
1 January 2012 and 31 December 2014. NSW is the most populous state of Australia (an estimated
population of approximately 7.5 million), of whom 2.9% identify as Aboriginal and/or Torres Strait
Islander. The majority (77%) of the NSW population resides in the major cities (defined as having a
high accessibility to services and 250,000 or more inhabitants) [19].

2.3. Data Sources and Definitions

2.3.1. Emergency Department Presentation Data

The Emergency Department Data Collection (EDDC), held by the NSW Ministry of Health,
is a routinely collected dataset containing presentation data from public hospital EDs in NSW. For this
study, the NSW Ministry of Health provided de-identified unit-level data for ED presentations involving
persons aged 13 years and older for the period from l January 2012 to 31 December 2014 [20]. Unit-level
data comprised age, gender, Aboriginal status and postcode of the patient, date and time of arrival at
ED and primary diagnosis of presentation. Aboriginal status was recorded as Aboriginal, Torres Strait
Islander, both Aboriginal and Torres Strait Islander, non-Aboriginal or unknown. Aboriginal status
in the EDDC is based on identification in the ED presentation record. Patients with an unknown
Aboriginal status were excluded from the dataset (4.9%; n = 811,776).

This study used a proxy measure to identify alcohol-related injuries. This proxy measure was
developed and validated by Young et al. [13] internationally and in Australian EDs, which correctly
identified 71% of alcohol-related presentations as such [13]. Using this proxy measure, all injury-related
ED presentations occurring between 12:00 and 04:59 were coded as alcohol-related injuries. An ED
presentation was classified as being injury-related if the primary diagnosis was 800–900 (ICD-9-CM),
or S00–S99 and T00–T32 (ICD-10-AM). SNOMED-CT codes were mapped to ICD-10-AM codes, using
a mapping table provided by the NSW Ministry of Health (included in the Supplementary Materials).
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2.3.2. Individual Characteristics

Individual characteristics were Aboriginal status, age and the gender of patient as identified in the
ED data. Aboriginal status was recoded as Aboriginal (comprising Aboriginal, Torres Strait Islander
and both) or non-Aboriginal. Gender was coded as male or female. Age was grouped into 5-year age
categories, starting with 13 years old as the youngest age available in the data and allowing to split
between those who are legally able to purchase and drink alcohol from those who are not (legal age is
18 years old in Australia). The resulting age categories are: 13–17, 18–22, 23–27, 28–32, 33–37, 38–42,
43–47, 48–52, 53–57, 58–62, 63–67 and 68+. Splitting up the age groups into 5-year categories provides
the most detailed insight into which groups are most at risk of alcohol-related injuries.

2.3.3. Community Characteristics

Community characteristics were obtained by postcode area (POA), based on the postcode of
residence of the patient. Though a variety of geographical units can be applied to identify a ‘community’
in Australia, POA was preferred because postcodes were included in the ED dataset and community
characteristics of interest were more readily available by POA, compared to other geographical units.
Four postcodes (n = 86 (0.03%) alcohol-related injuries) were excluded because no data on community
characteristics were available for those POAs.

Socioeconomic status (SES)—categorical. The SES of the geographical community was determined
using the Index for Relative Disadvantage, which includes variables reflecting the relative disadvantage
in an area compared to the rest of the state [21]. Each POA was categorised according to their
corresponding quintile score, which were obtained from the Australian Bureau of Statistics (ABS)
using 2011 POA census data: POAs in the lower quintiles were less disadvantaged and POAs in higher
quintiles were more disadvantaged [22]. Quintile scores of NSW communities have been stable during
the period included in this study [23].

Remoteness—categorical. Remoteness of the POAs was identified using the Australian Standard
Geographical Classification remoteness structure, which defines remoteness based on road distance to
service centres. POAs were grouped into three categories: major cities, regional and remote [24].

Liquor licences—continuous. Information on liquor licensing in the communities was obtained
from the NSW Office of Liquor, Gambling and Racing [25]. Types of licences were split into three
groups: on-venue licences (e.g., bars, clubs, and pubs), packaged licences (e.g., bottle shops) and
hotel licences (which can have both an on-venue and packaged licence). For each type, the per capita
rate of liquor licences per 1000 population in POAs were calculated and included in the model as
continuous variables.

Population characteristics—continuous. For each POA, data on the proportion of young males
(20–29 years old) and the proportion of Aboriginal Australians were obtained from the ABS using 2011
POA Census data, the most recent information at the time of analysis (ABS, 2011).

2.4. Statistical Analyses

All analyses were conducted using STATA 14 (Statacorp, College Station, TX, USA) [26]; confidence
intervals were calculated at the 99% level. Age-standardised incidence rates were calculated for
alcohol-related injuries, using direct standardisation to the 2001 Australian Population, as recommended
by the ABS [27]. Incidence rates were calculated separately for each age group, for Aboriginal males
and females and non-Aboriginal males and females. Age-standardised rates were calculated for
Aboriginal and non-Aboriginal ED patients by gender and individually calculated for each SES quintile
and level of remoteness.
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Preliminary single-level Poisson models with alcohol-related injuries as the outcome variable
identified that the effect of Aboriginal status on alcohol-related injuries was modified by gender (p < 0.01);
therefore, all models in this study were stratified by gender. Prior to assessing community variation in
the difference in rate ratios between Aboriginal and non-Aboriginal patients, the statistically significant
differences in the rate ratios of alcohol-related injuries between Aboriginal and non-Aboriginal
patients needed to be established. These were investigated using single-level Poisson models with
alcohol-related injuries as the outcome variable and individual characteristics (age categories) and
categorical community characteristics (SES and remoteness) as independent variables. To investigate
the community variation in the rate ratios between Aboriginal and non-Aboriginal patients, a random
intercept for POA was added to these single level Poisson models.

To identify which individual and community characteristics were significantly associated with
alcohol-related injuries, rate ratios were calculated using multi-level Poisson models with alcohol-related
injuries as outcome variable. These models were analysed separately for Aboriginal and non-Aboriginal
patients and stratified by gender. They included individual (age) categorical community characteristics
(SES and remoteness), continuous community characteristics (per capita rate liquor licences and
proportion of young males and Aboriginal Australians) and a random intercept for POA.

3. Results

3.1. Rates of Alcohol-Related Injuries

A total of 125,834 alcohol-related injuries (2% of all ED presentations) were identified in NSW
between l January 2012 and 31 December 2014 for patients aged 13 years and older (6611 (4.32%)
Aboriginal patients and 119,223 (95.67%) non-Aboriginal patients). Table 1 shows that age-standardised
rates of alcohol-related injuries per 1000 population were 32.8 (99% CI 31.1–34.5) for Aboriginal males,
24.6 (CI 23.1–26.2) for Aboriginal females, 9.6 (CI 9.5–9.6) for non-Aboriginal males and 6.4 (CI 6.3–6.5)
for non-Aboriginal females. Rates of alcohol-related injuries were highest amongst 18–22-year-olds,
followed by 23–27-year-olds, regardless of Aboriginal status or gender, except for Aboriginal males,
where rates were comparable for 18–22-year-olds and 23–27-year-olds.

In terms of remoteness, age-standardised rates of alcohol-related injuries increased as remoteness
increased for Aboriginal males and non-Aboriginal patients, but not for Aboriginal females where
age-standardised rates were comparable in major city and remote areas. For Aboriginal patients,
no clear pattern seemed to be observable in age-standardised rates of alcohol-related injuries by SES.
For non-Aboriginal patients, age-standardised rates increased with increasing disadvantage.

3.2. Community Variation in Differences between Aboriginal and Non-Aboriginal Rates of Alcohol-Related Injuries

The unadjusted rates of alcohol-related injuries for Aboriginal males were estimated to be 3.96
(CI 3.80–4.13) times higher compared to non-Aboriginal males and 4.23 (CI 4.02–4.45) times higher
for Aboriginal females compared to non-Aboriginal females. When the random intercept for POA
was added, thus controlling for geographical community variation in the rate ratios of alcohol-related
injuries, these differences dropped to 3.22 (CI 3.08–3.37) for males and 3.59 (CI 3.40–3.79) for females.
This provided evidence that rate ratios of Aboriginal compared to non-Aboriginal alcohol-related
injuries vary significantly between geographic communities for both males (p < 0.01) and females
(p < 0.01).
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Table 1. Total number and age-standardised rates of alcohol-related injuries in New South Wales (NSW) between 1 January 2012 and 31 December 2014, by Aboriginal
status and gender.

Alcohol-Related
Injuries

Aboriginal Non-Aboriginal

Male Female Male Female

N ASR a (99% CI) N ASR a (99% CI) N ASR a (99% CI) N ASR a (99% CI)

Total Alcohol-Related
Injuries 3940 32.8 (31.1–34.5) 2671 24.6 (23.1–26.2) 70,119 9.6 (9.5–9.6) 49,104 6.4 (6.3–6.5)

Individual Characteristics

Age Group

13–17 607 25.7 (23.1–28.5) 464 21.6 (19.1–24.3) 6018 10.0 (9.7–10.3) 4660 8.2 (7.9–8.5)
18–22 962 49.3 (45.3–53.6) 571 34.7 (31.1–38.6) 13,688 22.5 (22.0–23.0) 7393 12.8 (12.4–13.1)
23–27 669 49.7 (44.9–54.9) 359 31.3 (27.2–35.8) 10,463 17.1 (16.7–17.5) 5449 8.8 (8.5–9.1)
28–32 432 42.4 (37.3–47.9) 275 28.9 (24.6–33.7) 7989 12.6 (12.2–13.0) 4308 6.6 (6.3–6.9)
33–37 330 40.1 (34.6–46.1) 223 28.1 (23.5–33.3) 6112 9.8 (9.5–10.2) 3375 5.3 (5.1–5.6)
38–42 299 32.4 (27.8–37.5) 241 23.8 (20.0–28.1) 5434 8.2 (7.9–8.5) 3341 4.8 (4.6–5.0)
43–47 246 30.9 (26.0–36.3) 208 24.6 (20.5–29.4) 4288 6.9 (6.7–7.2) 3098 4.9 (4.7–5.1
48–52 174 30.3 (24.7–36.7) 130 21.8 (17.2–27.3) 3807 6.0 (5.7–6.2) 3035 4.6 (4.4–4.8)
53–57 114 31.4 (24.3–39.8) 83 22.8 (16.8–30.0) 2943 5.1 (4.9–5.3) 2612 4.4 (4.2–4.6)
58–62 54 25.3 (17.3–35.6) 54 21.6 (14.8–30.4) 2253 4.4 (4.2–4.6) 2080 3.9 (3.7–4.1)
63–67 22 21.4 (11.5–36.2) 22 20.5 (11.0–34.7) 1952 4.3 (4.1–4.6) 1737 3.8 (3.6–4.0)
68+ 31 14.4 (8.6–22.6) 41 16.4 (10.5–24.2) 5172 5.2 (5.0–5.4) 8016 6.4 (6.2–6.6)

Community Characteristics

Remoteness

Major City 1198 32.3 (28.3–36.3) 823 24.8 (21.5–28.2) 45,587 8.6 (8.5–8.7) 32,675 5.9 (5.8–6.0)
Regional 2482 33.6 (31.5–35.7) 1609 23.9 (22.0–25.7) 23,700 12.1 (11.8–12.3) 15,952 7.6 (7.4–7.8)
Remote 260 35.3 (28.2–42.4) 239 24.7 (28.1–41.2) 832 15.2 (13.8–16.5) 477 10.0 (8.7–11.2)

SES Quintile

1 (Least Disadvantaged) 2310 42.2 (17.2–67.4) 61 25.1 (15.7–34.5) 13,325 7.5 (7.3–7.7) 10,393 5.4 (5.3–5.6)
2 317 30.3 (21.3–39.4) 239 29.3 (22.6–36.1) 13,812 8.6 (8.5–8.8) 9819 6.0 (5.8–6.1)
3 1206 31.9 (29.0–34.7) 748 23.1 (20.3–26.0) 17,424 10.3 (10.1–10.5) 12,095 6.9 (6.7–7.0)
4 1112 34.1 (30.6–37.6) 707 21.9 (19.3–24.5) 12,598 11.3 (11.1–11.6) 8462 7.2 (7.0–7.4)

5 (Most Disadvantaged 1214 33.8 (30.6–37.0) 916 27.8 (24.8–30.7) 12,960 11.4 (11.2–11.7) 8335 7.0 (6.8–7.2)

N = total number of alcohol-related injuries; a ASR = age-standardised rates, per 1000 population; CI = confidence interval; SES = socioeconomic status.
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3.3. Characteristics Associated with Alcohol-Related Injuries

Table 2 shows the characteristics that are associated with alcohol-related injuries. In terms of
individual characteristics, for both Aboriginal and non-Aboriginal patients, there was an overall
decreasing trend between age and alcohol-related injuries after adjusting for geographical community
characteristics. In terms of geographical community characteristics, for Aboriginal and non-Aboriginal
males, living in relatively disadvantaged communities (Quintiles 2–5) was significantly associated with
increased alcohol-related injuries compared to living in less disadvantaged communities (Quintile 1).
For non-Aboriginal people, living in regional communities was significantly associated with fewer
alcohol-related injuries compared to living in major cities. For Aboriginal males, living in regional
communities was significantly associated with increased alcohol-related injuries compared to living in
major cities.

Table 2. Adjusted rate ratios for multi-level Poisson regression model of alcohol-related injuries among
Aboriginal and non-Aboriginal persons in NSW.

Gender
Aboriginal (N = 13,987) Non-Aboriginal (N = 283,469)

Males Females Males Females

RR a 99% CI RR a 99% CI RR a 99% CI RR a 99% CI

Individual Characteristics

Age Patient

13–17 1.60 * (1.32–1.93) 1.42 * (1.14–1.76) 1.10 * (1.05–1.15) 1.53 * (1.31–1.48)
18–22 2.28 * (1.91–2.73) 1.87 * (1.52–2.30) 2.47 * (2.36–2.57) 2.18 * (2.06–2.31)
23–27 1.71 * (1.42–2.06) 1.31 * (1.05–1.64) 1.92 * (1.83–2.00) 1.67 * (1.58–1.76)
28–32 1.28 * (1.04–1.56) 1.06 (0.84–1.34) 1.47 * (1.41–1.54) 1.31 * (1.23–1.40)
33–37 1.03 (0.83–1.28) 0.99 (0.78–1.28) 1.12 * (1.07–1.18) 1.03 (0.97–1.10)
38–42 1.00 1.00 1.00 1.00
43–47 0.80 (0.63–1.00) 0.92 (0.72–1.19) 0.79 * (0.75–0.84) 0.94 (0.88–1.01)
48–52 0.71 * (0.55–0.92) 0.71 * (0.53–0.96) 0.71 * (0.67–0.75) 0.92 * (0.86–0.98)
53–57 0.58 * (0.43–0.78) 0.58 * (0.41–0.81) 0.54 * (0.51–0.58) 0.80 * (0.75–0.86)
58–62 0.44 * (0.30–0.65) 0.48 * (0.32–0.72) 0.43 * (0.40–0.45) 0.63 * (0.59–0.68)
63–67 0.36 * (0.15–0.46) 0.33 * (0.19–0.60) 0.36 * (0.34–0.39) 0.54 * (0.50–0.59)
68+ 0.32 * (0.20–0.54) 0.48 * (0.31–0.77) 0.95 (0.90–1.00) 2.35 * (2.22–2.49)

Community Characteristics

SES

1 (Least Disadvantaged) (ref) 1.00 1.00 1.00 1.00
2 1.20 (0.69–2.08) 1.26 (0.73–2.17) 1.17 (0.83–1.69) 1.13 (0.82–1.56)
3 1.71 * (1.02–2.86) 1.54 (0.91–2.59) 1.45 * (1.03–2.05) 1.36 (0.99–1.87)
4 1.75 * (1.03–2.97) 1.48 (0.87–2.53) 1.47 * (1.02–2.13) 1.30 (0.92–1.84)

5 (Most Disadvantaged) 1.65 (0.96–2.84) 1.54 (0.90–2.64) 1.56 * (1.07–2.27) 1.30 (0.92–1.85)

Remoteness

Major City (ref) 1.00 1.00 1.00 1.00
Regional 1.46 * (1.05–2.03) 1.55 (1.13–2.11) 0.64 * (0.47–0.87) 0.65 * (0.49–0.87)
Remote 1.16 (0.57–2.38) 1.92 (0.98–3.79) 0.54 (0.28–1.07) 0.65 (0.32–1.29)

Liquor Licenses

Hotels 0.65 * (0.47–0.91) 0.77 (0.57–1.02) 0.49 * (41.5–58.2) 0.50 * (0.42–0.59)
On-Venue 1.02 (0.91–1.14) 0.99 (0.89–1.11) 1.07 (99.7–1.14) 1.08 * (1.02–1.16)
Packaged 1.04 (0.88–1.21) 0.99 (0.85–1.14) 0.93 (0.81–1.06) 0.91 (0.80–1.04)

Population Characteristics #

Young Males 1.07 * (1.00–1.14) 1.07 * (1.00–1.14) 1.11 * (1.06–1.17) 1.08 * (1.03–1.14)
Aboriginal 1.02 (0.99–1.04) 1.00 (0.98–2.64) 0.98 (0.96–1.00) 0.98 (0.96–1.01)

a Adjusted incidence rate ratios; # Percentage of young males and Aboriginal Australians per POA; * p < 0.01.
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A higher per capita rate of hotel licenses was associated with fewer alcohol-related injuries for
non-Aboriginal people and Aboriginal males. A higher per capita rate of on-venue licenses was
associated with increased alcohol-related injuries for non-Aboriginal females. A higher percentage
of young males in a community was associated with increased alcohol-related injuries, regardless of
gender and Aboriginal status.

4. Discussion

This study estimated rates of alcohol-related injuries and found similar trends for Aboriginal
and non-Aboriginal Australians across individual and community characteristics. While Aboriginal
Australians experienced significantly higher rates of alcohol-related injuries than non-Aboriginal people,
the extent to which these rates differed varied between geographical communities. Young people
(aged 18–27 years old) were most likely to experience alcohol-related injuries. For non-Aboriginal
Australians, regional communities were associated with lower rates of alcohol-related injuries compared
to major cities, but rates of alcohol-related injuries increased for Aboriginal males in regional
communities. Increased disadvantage was associated with increased alcohol-related injuries for
Aboriginal and non-Aboriginal males. Communities with a higher percentage of young males had
higher rates of alcohol-related injuries for Aboriginal and non-Aboriginal people.

The extent to which rates of alcohol-related injuries differed between Aboriginal and
non-Aboriginal people varied between communities. This was true for males and females, all age groups
and all communities, regardless of remoteness and SES. The analyses presented in Table 2 identified
few community-level characteristics with significantly and practically meaningful differences between
Aboriginal and non-Aboriginal Australians that might explain why the rate ratio of alcohol-related
injuries for Aboriginal, compared to non-Aboriginal, differed significantly between communities.
The only differences (where the rate ratios for Aboriginal and non-Aboriginal people were consistently
in the opposite directions) were for geographical location of the community, specifically: for Aboriginal
males, regional communities were consistently associated with more alcohol-related injuries (relative
to Aboriginal males in major cities) and for non-Aboriginal people, regional communities were
consistently associated with fewer alcohol-related injuries (relative to non-Aboriginal people in major
cities). This indicates that, to address the disparity in alcohol-related injuries between Aboriginal and
non-Aboriginal people, focusing on regional communities might have the largest impact as that is
where the differences between Aboriginal and non-Aboriginal people seem greatest.

It is likely that other factors not measured in this study contribute to higher rates of alcohol-related
injuries experienced by Aboriginal people. Previous studies into risk factors for non-alcohol-specific
injuries have identified a range of risk factors that are unique to Indigenous Peoples both in Australia
and internationally. These risk factors include historical factors (i.e., the impact of colonisation and
dispossession), disproportionately high experience of social stressors at a younger age (e.g., death of a
loved one, family break ups, financial stress, racism) [28] and community tensions that are largely a
consequence of forced relocation of Indigenous families coinciding with European colonisation [29].
As some of these factors are also known to exacerbate alcohol consumption [30], it is likely that these
factors contribute to alcohol-related injuries as well but were not measured in this study. It has been
acknowledged that policies and programs for Aboriginal Australians should focus on these contextual
factors of historical trauma, colonisation, racism and present-day social conditions [31,32].

The observation that alcohol-related injuries were significantly lower in regional areas for
non-Aboriginal Australians is surprising considering increased remoteness has been associated with
increased high risk drinking and other alcohol-related harms, such as assaults [9,17,18,33]. It is possible
that this effect is driven by more hotel licences per capita in more regional communities, as a higher
per capita rate of hotel licences was significantly associated with fewer alcohol-related injuries for
non-Aboriginal people, and regional communities have significantly more hotel licenses per capita
compared to major cities. Another potential explanation is that the EDDC data used in this study
do not comprehensively cover all NSW EDs [34]. With mainly smaller, regional and remote EDs not
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supplying data to the EDDC. There are therefore fewer datapoints available for regional and remote
EDs potentially resulting in less data available in the dataset used for the current study.

In line with previous research, this study clearly highlights the need for alcohol-related injury
prevention efforts to continue to target young people [9,11,33,35]. Previous research has identified that
increasing the minimum age of drinking from 18 (which it currently is in Australia) to 21, for example,
has the potential to significantly reduce alcohol-related harms for young people aged 18–21, but also
for those 21–25 [36,37]. Evidence suggests reductions in supply and availability of alcohol [38] as
well as changing norms around adolescent drinking [39] have the potential to contribute to the
reduction in rates of alcohol-related injuries experienced by young people. In addition, recent research
has sought to improve methods for co-designing community-based programs aimed at reducing
alcohol-related injuries and harms, including for young people [40], which have the potential to reduce
alcohol-related harms.

Methodological Limitations

While the use of administrative data to monitor and assess alcohol-related outcomes is
beneficial [41,42], there are a number of methodological limitations relating to using these kinds
of data that are worth noting and potentially influence the confidence in the findings of this study.

Firstly, the EDDC data do not include all EDs in NSW. Between 2011–2012 and 2014–2015,
the EDDC covered between 97% and 99% of metropolitan EDs and 81–94% of rural and regional EDs.
It does not include private hospitals, and it excludes some smaller and remote EDs [34,43,44]. Missing
these hospitals in the dataset may have influenced the effect estimates.

Second, the use of a proxy measure might not be the ideal way of identifying alcohol-related
injuries in EDs, however it is currently identified the most reliable method [35]. While there may be
options for ED personnel to record the involvement of alcohol as external cause to the injury, this is not
always documented due to a lack of time to conduct appropriate testing (e.g., blood or breath tests),
more pressing pathology, or ED staff not being aware of this option or being too busy to report external
causes [35,45]. Even where alcohol may be recorded as an external cause in the source system, it is not
available in the EDDC. Where the involvement of alcohol cannot be directly extracted from the data,
the use of a temporal proxy measure is recommended [13,46,47].

Further contributing to issues with the proxy measure is the less than optimal reliability of
the primary diagnosis used to identify injury-related presentations. The accuracy of the primary
diagnosis is at least 85% for ED patients subsequently admitted to the hospital (27% of all patients) [35].
The reliability is diminished for non-admitted patients; however, validity of primary diagnoses for
injury presentations is higher than that of other medical conditions because of the more obvious
pathology [35]. This is due to diagnoses being entered by ED personnel who are not necessarily trained
in clinical coding and the use of three different computer programs in EDs across NSW with different
methods of entering diagnostic codes [35].

The proxy measure used in this study has not been explicitly validated for Aboriginal Australians.
Proxy measures have been widely used in previous research into community-level alcohol-related ED
presentations for the general population in Australia, which includes Aboriginal Australians [13,48,49],
but this is the first study to use the proxy measures to investigate alcohol-related injuries specifically
for Aboriginal Australians with ED data. Further work on validating proxy measures for Aboriginal
Australians is required [50]. Furthermore, Aboriginal status identification is not optimal. Efforts are
undertaken to increase the reliability of Aboriginal status information in administrative health datasets,
and through data linkage, identification has improved from 44.1% to 74.5% between 2005 and 2014.

Finally, this paper likely does not paint a complete picture of alcohol-related injuries due to its
use of only one dataset in one Australian state. Alcohol-related injuries are also reported to general
practice, ambulance services and other primary health care settings. Triangulating data from these data
sources can further improve our understanding as to what contributes to increased alcohol-related
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injuries. Further similar studies in other parts of Australia might provide a completer picture of what
contributes to alcohol-related injuries amongst Aboriginal Australians.

5. Conclusions

This study used administrative data to assess alcohol-related injury presentations to EDs for
Aboriginal and non-Aboriginal people in NSW. This study showed that rates of alcohol-related injuries
are higher among Aboriginal Australians than non-Aboriginal Australians, but that these differences
vary between community. A potential explanation for this can be found in regional communities, where
rates of alcohol-related injuries are increased for Aboriginal males but decreased for non-Aboriginal
people. Therefore, initiatives are required to target reductions in alcohol misuse and injuries for
non-Aboriginal and Aboriginal males. The target areas for these should be driven by data; given
findings that there is community variation, this study indicates a need in both urban and regional
settings. Prevention efforts targeting young people are required.
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SNOMED CT to ICD10 mapping table.

Author Contributions: Conceptualisation, M.S. and A.S.; methodology, M.S., A.S. and T.D.; formal analysis, M.S.;
resources M.S. and A.S.; writing—original draft preparation, M.S.; writing—review and editing, M.S., B.C. and
A.S.; visualisation, M.S. and T.D.; supervision, B.C. and A.S.; project administration A.S.; funding acquisition, A.S.
All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by New South Wales Ministry of Health, Aboriginal Injury Prevention
and Safety Promotion Demonstration Grants Program, and MS received a scholarship from the NDARC
Educational Trustees.

Acknowledgments: We acknowledge the NSW Ministry of Health for providing the datasets used in this study
and the Aboriginal communities who were involved in this project.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design of the
study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to
publish the results.

References

1. GBD 2016 Alcohol Collaborators. Alcohol use and burden for 195 countries and territories, 1990–2016:
A systematic analysis for the Global Burden of Disease Study 2016. Lancet 2018, 392, 1015–1035. [CrossRef]

2. Begg, S.J.; Vos, T.; Barker, B.; Stanley, L.; Lopez, A.D. Burden of disease and injury in Australia in the new
millennium: Measuring health loss from diseases, injuries and risk factors. Med. J. Aust. 2008, 188, 36.
[CrossRef] [PubMed]

3. Australian Institute for Health and Welfare. Australian burden of disease study: Impact and causes of illness
and death in Aboriginal and Torres Strait Islander people 2011. In Australian Burden of Disease Study; AIHW:
Canberra, Australia, 2016; Volume 6.

4. Egerton-Warburton, D.; Gosbell, A.; Wadsworth, A.; Fatovich, D.M.; Richardson, D.B. Survey of
alcohol-related presentations to Australasian emergency departments. Med. J. Aust. 2014, 201, 584–587.
[CrossRef] [PubMed]

5. Rehm, J.; Mathers, C.; Popova, S.; Thavorncharoensap, M.; Teerawattananon, Y.; Patra, J. Global burden of
disease and injury and economic cost attributable to alcohol use and alcohol-use disorders. Lancet 2009, 373,
2223–2233. [CrossRef]

6. Lim, S.S.; Vos, T.; Flaxman, A.D.; Danaei, G.; Shibuya, K.; Adair-Rohani, H.; AlMazroa, M.A.; Amann, M.;
Anderson, H.R.; Andrews, K.G.; et al. A comparative risk assessment of burden of disease and injury
attributable to 67 risk factors and risk factor clusters in 21 regions, 1990–2010: A systematic analysis for the
Global Burden of Disease Study 2010. Lancet 2012, 380, 2224–2260. [CrossRef]

7. WHO. Global Status Report on Alcohol and Health; World Health Organization: Geneva, Switzerland, 2014.
8. Manning, M.; Smith, C.; Mazerolle, P. The societal costs of alcohol misuse in Australia. Trends Issues Crime

Crim. Justice 2013, 545, 1–6.
9. Livingston, M.; Laslett, A.M.; Dietze, P. Individual and community correlates of young people’s high-risk

drinking in Victoria, Australia. Drug Alcohol Depend. 2008, 98, 241–248. [CrossRef]

http://www.mdpi.com/1660-4601/17/2/387/s1
http://dx.doi.org/10.1016/S0140-6736(18)31310-2
http://dx.doi.org/10.5694/j.1326-5377.2008.tb01503.x
http://www.ncbi.nlm.nih.gov/pubmed/18205562
http://dx.doi.org/10.5694/mja14.00344
http://www.ncbi.nlm.nih.gov/pubmed/25390264
http://dx.doi.org/10.1016/S0140-6736(09)60746-7
http://dx.doi.org/10.1016/S0140-6736(12)61766-8
http://dx.doi.org/10.1016/j.drugalcdep.2008.06.002


Int. J. Environ. Res. Public Health 2020, 17, 387 10 of 11

10. Williams, P. Alcohol, Young People and Violence; Australian Institute of Criminology: Canberra, Australia, 2001.
11. Hides, L.; Limbong, J.; Vallmuur, K.; Barker, R.; Daglish, M.; Young, R.M. Alcohol-related emergency

department injury presentations in Queensland adolescents and young adults over a 13-year period. Drug
Alcohol Rev. 2015, 34, 177–184. [CrossRef]

12. Steenkamp, M.; Harrison, J.; Allsop, S. Alcohol-Related Injury and Young Males; Australian Institute of Health
and Welfare: Canberra, Australia, 2002.

13. Young, D.J.; Stockwell, T.; Cherpitel, C.J.; Ye, Y.; Macdonald, S.; Borges, G.; Giesbrecht, N. Emergency room
injury presentations as an indicator of alcohol-related problems in the community: A multilevel analysis of
an international study. J. Stud. Alcohol Drugs 2004, 65, 605. [CrossRef]

14. Livingston, M.; Chikritzhs, T.; Room, R. Changing the density of alcohol outlets to reduce alcohol-related
problems. Drug Alcohol Rev. 2007, 26, 557–566. [CrossRef]

15. Gmel, G.; Holmes, J.; Studer, J. Are alcohol outlet densities strongly associated with alcohol-related outcomes?
A critical review of recent evidence. Drug Alcohol Rev. 2016, 35, 40–54. [CrossRef] [PubMed]

16. Hobday, M.; Meuleners, L.; Liang, W.; Gilmore, W.; Chikritzhs, T. Associations between alcohol outlets and
emergency department injury presentations: Effects of distance from the central business district. Aust. N. Z.
J. Public Health 2016, 40, 43–48. [CrossRef] [PubMed]

17. Collins, S.E. Associations between socioeconomic factors and alcohol outcomes. Alcohol Res. Curr. Rev. 2016,
38, 83–94.

18. Breen, C.; Shakeshaft, A.; Slade, T.; Love, S.; D’Este, C.; Mattick, R.P. Do community characteristics predict
alcohol-related crime? Alcohol Alcohol. 2011, 46, 464–470. [CrossRef]

19. Australian Bureau of Statistics. Census of Population and Housing; Commonwealth of Australia: Canberra,
Australia, 2016.

20. NSW Ministry of Health. Emergency Department Data Collection (EDDC) 1 January 2005–31 December 2014;
NSW Ministry of Health: Sydney, Australia, 2015.

21. Pink, B. Socio-Economic Indexes for Areas (SEIFA), in Technical Paper; Australian Bureau of Statistics: Canberra,
Australia, 2011.

22. Australian Bureau of Statistics. 2033.0.55.001-Census of Population and Housing: Socio-Economic Indexes
for Areas (SEIFA). Available online: https://www.abs.gov.au/ausstats/abs@.nsf/DetailsPage/2033.0.55.0012011
(accessed on 28 March 2013).

23. Biddle, N. Paper 11—Income. CAEPR Indigenous Population Project 2011 Census Papers; Centre for Aboriginal
Economic Policy Research at the Australian National University: Canberra, Australia, 2013.

24. Australian Bureau of Statistics. Australian Standard Geographical Classification (ASGC) Remoteness Area
Correspondences, 2006; Australian Bureau of Statistics: Canberra, Australia, 2007.

25. NSW Office of Liquor Gaming and Racing. Liquor Premises List 01/10/2015; NSW Office of Liquor, Gambling
and Racing: Sydney, Australia, 2015.

26. Press, S.S. Stata Statistical Software: Release 14; StataCorp LP: College Station, TX, USA, 2015.
27. Australian Bureau of Statistics. Standard Population for Use in Age-Standardisation; Australian Bureau of

Statistics: Canberra, Australia, 2013.
28. Azzopardi, P.S.; Sawyer, S.M.; Carlin, J.B.; Degenhardt, L.; Brown, N.; Brown, A.D.; Patton, G.C. Health and

wellbeing of Indigenous adolescents in Australia: A systematic synthesis of population data. Lancet 2018,
391, 766–782. [CrossRef]

29. Boufous, S.; Ivers, R.; Senserrick, T.; Martiniuk, A.; Clapham, K. Underlying Causes and Effects of Injury in
Australian Aboriginal Populations: A Rapid Review; Sax Institute: Sydney, Australia, 2010.

30. Snijder, M.; Lees, B.; Stearne, A.; Ward, J.; Garlick Bock, S.; Newton, N.; Stapinski, L. An ecological model of
substance use and related harms among Aboriginal and Torres Strait Islander Australians: A systematic
review of the literature. Aust. N. Z. J. Public Health. Under review.

31. Dickerson, D.; Baldwin, J.A.; Belcourt, A.; Belone, L.; Gittelsohn, J.K.A.; Lowe, J.; Patten, C.A.; Wallerstein, N.
Encompassing Cultural Contexts within Scientific Research Methodologies in the Development of Health
Promotion Interventions. Prev. Sci. 2018, 1–10. [CrossRef]

32. Gray, D.; Stearne, A.; Wilson, M.; Doyle, M. Indigenous-specific Alcohol and Other Drug Interventions: Continuities,
Changes and Areas of Greatest Needs; ANCD Research Paper No 20; NDRI: Perth, Australia, 2010.

http://dx.doi.org/10.1111/dar.12218
http://dx.doi.org/10.15288/jsa.2004.65.605
http://dx.doi.org/10.1080/09595230701499191
http://dx.doi.org/10.1111/dar.12304
http://www.ncbi.nlm.nih.gov/pubmed/26120778
http://dx.doi.org/10.1111/1753-6405.12492
http://www.ncbi.nlm.nih.gov/pubmed/26713772
http://dx.doi.org/10.1093/alcalc/agr040
https://www.abs.gov.au/ausstats/abs@.nsf/DetailsPage/2033.0.55.0012011
http://dx.doi.org/10.1016/S0140-6736(17)32141-4
http://dx.doi.org/10.1007/s11121-018-0926-1


Int. J. Environ. Res. Public Health 2020, 17, 387 11 of 11

33. Snijder, M.; Calabria, B.; Dobbins, T.; Knight, A.; Shakeshaft, A. A need for tailored programs and policies
to reduce rates of alcohol-related crimes for vulnerable communities and young people: An analysis of
routinely collected police data. Alcohol Alcohol. 2018, 53, 578–585. [CrossRef]

34. NSW Ministry of Health. Emergency Department Data Collection: Data Dictionary; NSW Ministry of Health:
Sydney, Australia, 2015.

35. Chikritzhs, T.; Evans, M.; Gardner, C.; Liang, W.; Pascal, R.; Stockwell, T.; Zeisser, C. Australian Alcohol
Aetiologic Fractions for Injuries Treated in Emergency Departments; National Drug Research Institute, Curtin
University of Technology: Perth, Australia, 2011.

36. Toumbourou, J.W.; Kypri, K.; Jones, S.C.; Hickie, I.B. Should the legal age for alcohol purchase be raised to
21? Med. J. Aust. 2014, 200, 568–570. [CrossRef]

37. Cobiac, L.; Vos, T.; Doran, C.; Wallace, A. Cost-effectiveness of interventions to prevent alcohol-related
disease and injury in Australia. Addiction 2009, 104, 1646–1655. [CrossRef]

38. Toumbourou, J.W.; Rowland, B.; Ghayour-Minaie, M.; Sherker, S.; Patton, G.C.; Williams, J.W. Student survey
trends in reported alcohol use and influencing factors in Australia. Drug Alcohol Rev. 2018, 37, S58–S66.
[CrossRef]

39. Conroy, D.; de Visser, R.O. Benefits and drawbacks of social non-drinking identified by British university
students. Drug Alcohol Rev. 2018, 37, S89–S97. [CrossRef] [PubMed]

40. Snijder, M.; Wagemakers, A.; Calabria, B.; Munro, A.; Shakeshaft, A. “We walked side by side through the
whole thing.” A mixed method study of community perceptions and key elements of participatory processes
in an Aboriginal community-based research project. Aust. J Rural Health. Under review.

41. Anderson, I.; Robson, B.; Connolly, M.; Al-Yaman, F.; Bjertness, E.; King, A.; Tynan, M.; Madden, R.;
Bang, A.; Coimbra, C.E., Jr.; et al. Indigenous and tribal peoples’ health (The Lancet-Lowitja Institute Global
Collaboration): A population study. Lancet 2016, 388, 131–157. [CrossRef]

42. Evans, E.; Grella, C.E.; Murphy, D.A.; Hser, Y.I. Using Administrative Data for Longitudinal Substance Abuse
Research. J. Behav. Health Serv. Res. 2010, 37, 252–271. [CrossRef] [PubMed]

43. Bureau of Health Information. Data Quality Assessment Information Systems in NSW Emergency Departments:
October to December 2014; Bureau of Health Information: Chatswood, Australia, 2014.

44. NSW Ministry of Health. Emergency Department Collection (EDC)—Reporting Requirements; NSW Ministry of
Health: North Sydney, Australia, 2005.

45. Indig, D.; Copeland, J.; Conigrave, K.M.; Rotenko, I. Why are alcohol-related emergency department
presentations under-detected? An exploratory study using nursing triage text. Drug Alcohol Rev. 2008, 27,
584–590. [CrossRef] [PubMed]

46. Flynn, A.; Wells, S. Community indicators: Assessing the Impact of Alcohol use on Communities. Alcohol
Res. Curr. Rev. 2014, 35, 135–149.

47. World Health Organization. International Guide for Monitoring Alcohol Consumption and Related Harm;
World Health Organization: Geneva, Switzerland, 2000.

48. Hobday, M.; Chikritzhs, T.; Liang, W.; Meuleners, L. The effect of alcohol outlets, sales and trading hours
on alcohol-related injuries presenting at emergency departments in Perth, Australia, from 2002 to 2010.
Addiction 2015, 110, 1901–1909. [CrossRef]

49. Lensvelt, E.; Liang, W.; Gilmore, W.; Gordon, E.; Hobday, M.; Chikritzhs, T. Effect of the Australian “Alcopops
Tax” on Alcohol-Related Emergency Department Presentations for Injury in Two States. J. Stud. Alcohol
Drugs 2016, 77, 730–739. [CrossRef]

50. Chikritzhs, T.; Gray, D.; Stockwell, T.; Stearne, A.; Pascal, R.; Saggers, S. Applying National Indicators of
Alcohol-related Harms to Indigenous Australians: A Discussion Paper; National Drug Research Institute, Curtin
University of Technology: Perth, Australia, 2004.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1093/alcalc/agy034
http://dx.doi.org/10.5694/mja13.10465
http://dx.doi.org/10.1111/j.1360-0443.2009.02708.x
http://dx.doi.org/10.1111/dar.12645
http://dx.doi.org/10.1111/dar.12610
http://www.ncbi.nlm.nih.gov/pubmed/28940414
http://dx.doi.org/10.1016/S0140-6736(16)00345-7
http://dx.doi.org/10.1007/s11414-008-9125-3
http://www.ncbi.nlm.nih.gov/pubmed/18679805
http://dx.doi.org/10.1080/09595230801935680
http://www.ncbi.nlm.nih.gov/pubmed/19378442
http://dx.doi.org/10.1111/add.13063
http://dx.doi.org/10.15288/jsad.2016.77.730
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Ethics 
	Study Design and Setting 
	Data Sources and Definitions 
	Emergency Department Presentation Data 
	Individual Characteristics 
	Community Characteristics 

	Statistical Analyses 

	Results 
	Rates of Alcohol-Related Injuries 
	Community Variation in Differences between Aboriginal and Non-Aboriginal Rates of Alcohol-Related Injuries 
	Characteristics Associated with Alcohol-Related Injuries 

	Discussion 
	Conclusions 
	References

