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ABSTRACT

Aims While recent evidence suggests that higher alcohol outlet density is associated with greater alcohol use among
adolescents, influence of the four main outlet types on youth drinking within urban and regional communities is un-
known. This study provides the first investigation of this relationship.Design Repeated cross-sectional surveys with ran-
dom samples of secondary students clustered by school. Mixed-effects logistic regression analyses examined the association
between each outlet type and the drinking outcomes, with interaction terms used to test urban/regional differences.

Setting Australia, 2002–11. Participants Respondents participating in a triennial survey (aged 12–17years);
44897 from urban settings, 23311 from regional settings. Measurements The key outcome measures were past
month alcohol use, risky drinking among all students and risky drinking among past week drinkers. For each survey year,
students were assigned a postcode-level outlet density (number of licences per 1000 population) for each outlet type
(general, on-premise, off-premise, clubs). Findings Interaction terms revealed a significant association between
off-premises outlet density and risky drinking among all adolescents in urban (odds ratio=1.36, 95% confidence interval
CI=1.05–1.75, P < 0.05) but not regional areas. Similarly, club density was associated with the drinking outcomes in
urban communities only. General and on-premises density was associated with alcohol use and risky drinking among
all adolescents. Conclusions Higher densities of general, on- and off-premises outlets in an adolescent’s immediate
neighbourhood are related to increased likelihood of alcohol consumption among all adolescents. The density of licensed
clubs is associated more strongly with drinking for urban than for regional adolescents.
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INTRODUCTION

Despite policies and strategies being in place to discourage
youth from consuming alcohol, harmful drinking is a lead-
ing cause of disease and injury for adolescents and young
adults [1,2]. Short-term risky drinking behaviour (defined
commonly as five or more drinks in one session) is associ-
ated with physical injury, road traffic accidents and high-
risk sexual behaviours among young people [3]. Drinking
experience among Australian adolescents is far more
common than in the United States, with rates of past-
month and risky drinking two to four times higher among

Australian grades 7 and 9 students than for US students
[4]. Adolescents and young adults living in regional, rural
and remote areas are more likely to consume alcohol,
particularly at risky levels, and experience alcohol-related
harm, than those living in urban areas [5,6].

Adolescents under the drinking age are legally
prohibited from purchasing alcohol, although they com-
monly obtain alcohol from parents, older siblings and
friends [7]. While smaller proportions of adolescents
purchase alcohol, there is greater reliance on commercial
sources with increasing age [8]. Adolescents’ perceived
ease of obtaining alcohol from commercial sources is
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associated with increased alcohol consumption [9]. Fur-
thermore, the density of alcohol outlets within a specific
geographic boundary may increase drinking rates and
alcohol-related harm through greater availability and
normalising drinking behaviours [10].

The majority of alcohol outlets can be categorised into
four main types: on-premise, off-premise, general (hotels
and taverns) and clubs (sporting and social). While all
licence types contribute to the ‘alcogenic’ environment
of an area, each type may encourage different drinking
behaviours and adolescents may have more or less inter-
action with the specific licence types. While a recent sys-
tematic review reported that overall higher outlet density
may be associated with greater alcohol use among adoles-
cents [11], the evidence for the influence of the individual
outlet types on underage drinking is mixed. For example,
two studies have found a significant positive association
between off-premises outlets and adolescent alcohol
consumption [12,13], while two other studies found no
such links for rural adolescents [14,15]. A US longitudi-
nal study found no association between density of on-
premises outlets (specifically bars) and past-year alcohol
use or heavy drinking after controlling for drinking beliefs
[16]. Studies examining the relative influence of off- and
on-premises outlet density also indicate conflicting find-
ings. While some have reported positive relationships
between higher on-premises—but not off-premises—
outlet density and drinking frequency and quantity
consumed [17,18], the opposite pattern has also been
found [19,20]. Further, Truong & Sturm [7] reported a
link between on- and off-premises outlet density in urban
areas and binge drinking, but not with consuming
alcohol in the previous 30 days. Only two studies have
examined the impact of on-premises and off-premises
density on adolescent drinking in predominantly rural
populations [21,22]. These US studies combined the two
licence types to form a single measure, and minimal or
no association was found between the aggregate density
measure and adolescent drinking.

To the authors’ knowledge, only one study has exam-
ined the individual influence of on-premises, off-premises
and general outlet density. This Australian study found
that 16–24-year-olds living in areas with high off-premises
outlet density were more likely to engage in very high-risk
alcohol consumption, with no effect for on-premises or
general licence outlet density [23]. Lastly, one study has
examined the association between the four main outlet
types and adolescent recent alcohol use [24]. Rowland
et al. found that increases in the density of each of the four
alcohol outlet types was associated positively with past
30-day drinking among 12–14-year-olds, although little
effect was found for adolescents aged 15–17 years. This
study provides preliminary evidence of a link between the
density of the main outlet types and alcohol consumption

among young adolescents, although while the authors
controlled for urban/regional location, how the relation-
ship varied between adolescents residing in these locations
was not assessed.

The inconclusive literature, in addition to the lack of
studies in regional and remote communities, needs to be
addressed. Given the higher rates of alcohol use and
alcohol-related harms for regional adolescents, in conjunc-
tion with data suggesting that outlet density is higher in
rural areas compared tometropolitan areas [25], investiga-
tion of the impact of outlet density for both metropolitan
and regional adolescents is warranted. Understanding
which types of liquor licences may be more likely to
influence adolescent drinking within specific regions can
help to guide policymakers to advocate for more targeted
liquor licensing restrictions and controls.

AIMS OF THIS STUDY

The aims of this study were (1) to determine whether there
is an association between density of the four main outlet
types and adolescent alcohol use and risky drinking, with
control for individual demographic characteristics and
adult drinking; and (2) to determine whether the associa-
tion between outlet density and adolescent alcohol use
and risky drinking differs among youth living in urban
and regional/remote communities.

METHODS

Study population

Data were from the Australian Secondary Students’ Alco-
hol and Drug (ASSAD) survey—a triennial national cross-
sectional survey conducted since 1984. The survey was
designed to assess the self-reported use of tobacco, alcohol
and over-the-counter and illicit drugs in nationally repre-
sentative samples of students aged 12–17 years. The
current study draws upon survey data collected in four
Australian states (New South Wales, Queensland, Victoria,
Western Australia) and one territory (Northern Territory)
for which we could obtain historic liquor licensing data in
2002, 2005, 2008 and 2011. The same sampling and
administration procedures were used in all survey years.
The methodology is described in greater detail elsewhere
[26]; in brief, a stratified two-stage probability sample
was used, with schools selected proportionally from the
three education sectors at the first stage and students at
the second. Students completed paper-and-pencil surveys
anonymously. Surveys were administered on school
premises by external research staff between May and
December. All surveys had ethics approval. A total of
68208 students (44897 from urban settings, 23311
from regional settings) across the four survey waves were
included in the analysis. A small proportion of respondents
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who did not report their current postcode (2.7%) were
excluded from the analyses.

Alcohol consumption variables

Questionnaire items were identical in all surveys. Three
alcohol consumption outcome variables were used. Past-
month alcohol use was assessed by asking ‘have you had
an alcoholic drink in the last four weeks?’ (yes, no).
Students also indicated how many alcoholic drinks they
had consumed on each of the previous 7 days. Following
recommendations for low-risk drinking among adults
[27], risky drinking was defined as consuming five or more
alcoholic drinks on at least one of the previous 7 days. Two
risky drinking outcome variables were used: risky drinkers
among all respondents (‘risky drinking among all stu-
dents’) and risky drinkers only among those who drank
in the past week (‘risky drinking among current drinkers’).
Reductions in risky drinking at a population level may be
due to declines in the prevalence of drinking, rather than
a reduction in risky drinking among drinkers. Therefore,
the risky drinking among current drinkers variable was
included to assess whether the impact of outlet density on
consumption differs between these two heavy drinking
measures.

Alcohol outlet density

The unit of analysis in this paper is the individual, with
each student’s survey data matched with outlet density
information according to their residential postcode.
Licence type and postcode of all liquor licences between
2002 and 2011 in five jurisdictions were provided by the
relevant state licensing authorities. Licence information
obtained for two jurisdictions (Victoria and Queensland)
represented the licences active on 30 June each year, while
the remaining jurisdictions provided licences active within
the calendar year. For the current study, the following
licence types were excluded: wholesalers, producers,
restricted clubs, limited licences and bring your own
(BYO) permits. In addition, the following licence types were
excluded from the New SouthWales data: caterer’s licence,
certificate of registration and governor’s licence. Data for
the Northern Territory exclude vessel licences. Excluding
these licence types ensured comparability between jurisdic-
tions and has little impact on actual measures of alcohol
availability due to either limited contact with underage
youth or the small volumes of alcohol sold through them.
The remaining licences were categorized into four types:
off-premise (sale of unopened alcohol to take-away;
e.g. bottle shops and supermarkets), on-premise (for
consumption at the venue; e.g. restaurants, cafes, bars),
general (for consumption at the venue and take-away;
e.g. hotels) and clubs (sale of alcohol to members and

guests of members; e.g. sporting clubs, returned soldiers
clubs). The total number of off-premises, on-premises,
general and club licences in each postcode in each survey
year was computed. We defined alcohol outlet density as
the number of each type of licensed outlet per 1000 resi-
dents within a postcode. Postcode-level population data
were obtained from the Australian Bureau of Statistics for
each survey year. Outlet density was operationalised using
a per-capita rate to allow for the population size variation
between urban and regional areas.

Geographic location

Australian Standard Geography Standard (ASGS) remote-
ness structure [28] was used to classify each student
postcode into the following categories: major city, inner re-
gional, outer regional, remote and very remote. The latter
four categories were combined due to small ns in each of
these areas. Thus, geographic location was dichotomized
into ‘urban’ and ‘regional/remote’.

Control variables

With heavy drinking rates among Indigenous Australians
typically higher than those among non-Indigenous
Australians [29], this was included as a covariate
(Aboriginal or Torres Strait Islander descent: yes, no).
Given that adolescent smoking prevalence is correlated
with drinking alcohol [30], student past-month smoking
status (yes, no) was also included. Socio-economic status
(SES) was coded based on the respondents’ postcode using
the 2011 national Socio-Economic Index for Areas (SEIFA)
Index of Relative Advantage and Disadvantage (IRSAD)
[31]. Student postcode-level SES was categorized into quin-
tiles, with a low score indicative of relative disadvantage
and a high score of relative advantage. As adult drinking
rates may influence adolescent drinking rates through
social norms [32], proportions of at least weekly alcohol
use in adults aged 18 and older within urban and regional
areas for each jurisdiction were obtained for the year prior
to the ASSAD survey from the National Drugs Strategy
Household Survey (see http://www.aihw.gov.au/alcohol-
and-other-drugs/ndshs/) and included as a covariate in
analyses.

Statistical analysis

Bivariate χ2 tests were generated to check for statistically
significant changes in alcohol consumption proportions
across the study period in urban and rural areas. Linear
regressions were used to identify significant changes over
time in per-capita outlet density. Mixed-effects logistic
regression models were performed for each drinking
outcome. To test whether the association between outlet
density and drinking differed for urban and regional areas,
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each outlet type was included as an interaction term with
the urban/regional variable (Table 2). When interactions
were statistically significant, logistic regressions were
performed separately for urban and regional areas
(Table 3). If not significant, the interaction terms were
dropped and themain effects were reported from themodel
including both areas. Model 1 tested the bivariate associa-
tions between outlet density and drinking. The following
covariates were then included in model 2: gender, age,
state, SES, Indigenous status, smoking status and adult
drinking rates. In all models, data were clustered with
two random components—a time (survey wave) variable
(level 2) and a school-level variable nested within each
survey year (level 1). Analyses were conducted using
xtmelogit procedures in Stata version 12.1.

RESULTS

Descriptive statistics

Descriptive statistics for each survey sample are shown in
Table 1. Prevalence rates for past-month alcohol use and
the risky drinking variables were higher in regional and
remote areas compared to urban areas in each survey year.

Bivariate analyses indicated that the proportion of past-
month and risky drinking among all students declined over
time in both areas (P<0.05). However, there was no
significant difference in the proportion of risky drinkers
among current drinkers across the survey years in both
urban and regional areas. Per-capita outlet density was
substantially higher in regional areas, with more than
twice the total average density compared to urban areas.
The most prevalent type of outlet was on-premises, which
increased over time for urban and regional communities
(P<0.01). The density of off-premises licences also in-
creased significantly, but only in urban areas (P<0.01).
In urban areas, both general and club density decreased
(P<0.05), while in regional areas licensed clubs
decreased, although the density of general licences showed
no statistically significant change over time.

Interaction terms between each outlet type and
adolescent’s geographic location (urban/regional) were
performed to determine whether the association between
outlet density and alcohol use varied by location (Table 2).
Statistically significant interactions were observed between
location and club outlet density with drinking in the past
month (χ2=4.20, df =1, P=0.04), risky drinking among

Table 1 Sample characteristics of participants and outlet density in each survey year, by geographic location.

Metropolitan areas Regional/remote areas

2002 2005 2008 2011 2002 2005 2008 2011

Sample size 10072 10508 11491 12826 6547 4981 6302 5481
Average number of students sampled
from each school

53 54 53 64 40 31 39 38

Age group (years) (%)
12–15 71.6 72.2 70.7 70.3 74.2 75.4 75.5 73.2
16–17 28.4 27.8 29.4 29.7 25.8 24.6 24.6 26.8

Sex (%; male) 49.1 49.9 49.5 49.4 49.4 50.9 52.3 50.5
Indigenous heritage (%) 3.1 3.2 3.2 3.1 6.5 5.2 5.6 7.8
SEIFA quintile (%)
1 (most disadvantaged) 13.2 14.3 17.0 12.3 21.6 20.1 35.0 28.6
2 15.3 11.9 16.8 11.6 31.9 36.6 27.7 31.6
3 21.2 17.9 17.8 17.5 28.6 20.8 20.5 29.0
4 22.7 23.5 21.3 24.1 12.3 17.8 14.9 7.8

5 (least disadvantaged) 27.6 32.6 27.2 34.6 5.6 4.0 2.0 3.1
Smoked tobacco in the past month (%) 16.6 12.8 10.5 8.6 19.7 12.4 9.9 10.2
Consumed alcohol in the past month (%) 45.6 42.1 35.0 26.2 55.2 45.9 40.1 35.4
Risky drinkers among all students (%) 9.4 10.0 7.4 5.2 13.8 11.8 8.2 9.6
Risky drinkers (current drinkers)a (%) 30.3 35.7 34.2 34.5 36.5 39.2 34.6 42.7
Average postcode outlet density (number of outlets per 1000 residents)
General 0.16 0.16 0.15 0.15 0.66 0.60 0.59 0.70
On-premise 0.52 0.58 0.65 0.61 0.71 0.95 0.96 0.92
Off-premise 0.20 0.23 0.21 0.22 0.35 0.37 0.36 0.36
Clubs 0.15 0.14 0.13 0.11 0.40 0.35 0.35 0.38
Total 1.02 1.10 1.14 1.09 2.12 2.28 2.26 2.37

Population-weighted percentages. SEIFA: Socio-Economic Index For Area (ABS, 2013). aCurrent drinkers: consumed alcohol on at least 1 of the previous
7 days.
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all students (χ2=10.88, df =1, P<0.01 ) and risky drink-
ing among current drinkers (χ2=6.69, df=1, P<0.01).
A significant interaction was also found between location
and off-premises density on risky drinking among all
students (χ2=6.03, df =1, P=0.01), although not with
the other drinking outcomes.

The results of the logistic regression analyses are pre-
sented in Table 3. The significant interactions indicated
that for urban students higher densities of club outlets were
associated with consuming alcohol in the past month and
both risky drinking outcome variables. While among re-
gional students the association found between clubs and
drinking outcomes were in the same direction as those for
urban students (model 2), they were not statistically signif-
icant at P=0.05 level. A similar association was found for
off-premises outlet density and risky drinking among all
students, in that the effect of higher off-premises densities
was associated with this drinking outcome in urban, but
not regional communities. For models where data of all
students were combined, higher densities of each of the
licence types were associated with an increased likelihood
of drinking. There was little difference between the unad-
justed and adjustedmodels, except that off-premises density
was no longer associated significantly with risky drinking
among current drinkers after controlling for risk factors.

Sensitivity analyses

We examined the effect of the previous year’s (e.g. 2001
for students surveyed in 2002) outlet density on the three
outcome measures and similar patterns were observed for
the interaction analyses, the one exception being that the
interaction between urban/regional and off-premises
outlet density on risky drinking among current drinkers
was noted as significant (χ2=4.20, df =1, P=0.04). Ta

bl
e
3

U
na

dj
us
te
d
an

d
ad
ju
st
ed

lo
gi
st
ic
re
gr
es
si
on

m
od
el
s
of
th
e
as
so
ci
at
io
n
be
tw

ee
n
al
co
ho

lo
ut
le
t
de
ns
ity

an
d
dr
in
ki
ng

ou
tc
om

es
,s
ep
ar
at
ed

by
ge
og
ra
ph

ic
lo
ca
tio

n
w
he
re

ap
pr
op
ri
at
e.

Pr
ed
ic
to
rs

Pa
st
m
on
th

al
co
ho
lu
se

R
is
ky

dr
in
ki
ng

am
on
g
al
ls
tu
de
nt
s

R
is
ky

dr
in
ki
ng

am
on
g
cu
rr
en
t
dr
in
ke
rs

M
od
el
1

M
od
el
2

M
od
el
1

M
od
el
2

M
od
el
1

M
od
el
2

G
en
er
al

1.
10

(1
.0
7–

1.
13

)*
*

1.
10

(1
.0
7–

1.
14

)*
*

1.
11

(1
.0
7–

1.
15

)*
*

1.
10

(1
.0
5–

1.
14

)*
*

1.
08

(1
.0
3–

1.
13

)*
*

1.
07

(1
.0
2–

1.
13

)*
*

O
n-
pr
em

is
e

1.
03

(1
.0
2–

1.
05

)*
*

1.
03

(1
.0
2–

1.
05

)*
*

1.
06

(1
.0
4–

1.
08

)*
*

1.
05

(1
.0
3–

1.
08

)*
*

1.
05

(1
.0
3–

1.
08

)*
*

1.
04

(1
.0
2–

1.
07

)*
*

O
ff-
pr
em

is
e

1.
15

(1
.0
8–

1.
22

)*
*

1.
19

(1
.1
1–

1.
28

)*
*

–
–

1.
15

(1
.0
2–

1.
30

)*
1.
05

(0
.9
1–

1.
21

)
U
rb
an

–
–

1.
53

(1
.2
3–

1.
91

)*
*

1.
36

(1
.0
5–

1.
75

)*
–

–

R
eg
io
na

l/
re
m
ot
e

–
–

1.
03

(0
.9
2–

1.
15

)
0.
94

(0
.8
1–

1.
09

)
–

–

Cl
ub

s
–

–
–

–
–

–

U
rb
an

1.
03

(0
.8
7–

1.
22

)
1.
32

(1
.0
9–

1.
59

)*
*

1.
44

(1
.1
1–

1.
87

)*
*

1.
94

(1
.4
6–

2.
59

)*
*

1.
56

(1
.1
3–

2.
15

)*
*

1.
86

(1
.3
2–

2.
63

)*
*

R
eg
io
na

l/
re
m
ot
e

0.
96

(0
.9
0–

1.
04

)
1.
05

(0
.9
8–

1.
14

)
0.
99

(0
.8
8–

1.
10

)
1.
11

(0
.9
9–

1.
25

)
1.
03

(0
.9
0–

1.
17

)
1.
11

(0
.9
7–

1.
28

)

*P
<

0.
05

;*
*P

<
0.
01

;–
=
m
od
el
no

t
an

al
ys
ed
.M

od
el
2
is
ad
ju
st
ed

fo
r
st
at
e,
ge
nd

er
,a
ge
,I
nd

ig
en
ou

s
he
ri
ta
ge
,s
oc
io
-e
co
no

m
ic
st
at
us
,t
ob
ac
co

us
e
an

d
ad
ul
t
dr
in
ki
ng

ra
te
s.

Table 2 Significance of interactions between alcohol outlet
density variables and geographic location in adjusted mixed-effects
logistic regression models of past month use, risky drinking among
all students and risky drinking among current drinkers.

Interaction term
P-value

Past month
alcohol use

Risky drinking
among all
students

Risky drinking
among current
drinkers

Urban/regional ×
general

0.97 0.06 0.14

Urban/regional ×
on-premise

0.47 0.21 0.16

Urban/regional ×
off-premise

0.06 0.01 0.06

Urban/regional ×
clubs

0.04 < 0.01 < 0.01

These interaction terms are adjusted for state, gender, age, Indigenous
heritage, socio-economic status, tobacco use and adult drinking rates.
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DISCUSSION

To our knowledge, this is the first study to examine the
impact of the four main outlet types among a large sample
of urban and regional adolescents with multiple survey
years. Overall, the density of three of the outlet types
(general, on-premise and off-premise) was associated with
adolescent’s alcohol consumption, irrespective of geo-
graphic location. Urban and regional differences in the
relationship between outlet density and alcohol use were
observed for off-premises outlets with risky drinking among
all students and club outlets for all alcohol consumption
measures. Despite evidence from the current study and
previous research indicating that adolescents living in re-
gional and remote communities are exposed to higher den-
sities of alcohol outlets, in general our findings suggest that
outlet density may have a stronger influence on adolescent
drinking inmetropolitan areas than regional/remote areas.
This finding may reflect that while regional adolescents
may be exposed to more alcohol outlets on a population
basis, outlets are spread over a greater distance; therefore,
alcohol may not actually be more available compared to
urban areas. Thus, there may be other factors besides alco-
hol outlet density that explain why adolescents residing in
regional and remote communities report higher alcohol
consumption prevalence rates. The social norms associated
with alcohol in rural areas may be one such factor, given
the embedded nature and acceptance of alcohol consump-
tion and the notion that drinking practices are learnt from
a young age within these communities [33]. Other factors
such as adult drinking patterns and how adolescents
typically access alcohol may be good indicators of social
norms, and may help to explain the differences in alcohol
consumption between urban and regional areas. As adult
alcohol consumption levels are higher in regional than in
urban areas in Australia [34], the adolescent patterns
observed in this study appear to be mirroring adult
patterns. While we controlled for adult drinking in the
analyses, future research that investigates the direct
impact of adult alcohol use and other social influences on
non-urban underage drinkers in particular is warranted.

Unlike previous studies, we analysed the impact of
licensed clubs separately to other licence types. Our results
suggest that clubs have a stronger influence on urban
adolescents’ drinking behaviours than adolescents living
in regional areas. Club licences include a mix of drinker
groups, including local sporting clubs that host weekend
football, cricket and other sports but also workers’ clubs,
large commercial clubs associated with organisations such
as Australia’s Returned Soldier Leagues (RSL) and ethnic
social clubs. Australia has a strong sporting and social club
membership, and while there have been ‘nation-wide ini-
tiatives’ such as the Good Sports programme (which affects
only approximately 20% of Australian clubs), aiming to

develop responsible alcohol service and consumption
practices and to create family-friendly environments [35],
a drinking culture remains ingrained in the ethos of these
clubs. For example, a study involving mainly athletes and
officials at sporting clubs found that the majority of partic-
ipants endorsed drinking at their club as a way for their
family to socialize [36]. Thus, the influence of club outlets
on youth drinking rates in urban communities may be that
relatively high numbers of licensed clubs expose adoles-
cents to regular drinking by their parents, siblings and
older peers. This role-modelling behaviour and approval
of alcohol may translate to perceptions of positive drinking
norms and encourage alcohol use and risky drinking.

We found that general and on-premises outlet density
was related positively to an increased risk of recent alcohol
use and risky drinking among adolescents living in metro-
politan and regional areas. Previous studies have found on-
premises density to be associated with adolescent drinking
[7,18]. However, few studies have examined the associa-
tion between general licences, such as hotels and taverns,
and adolescent drinking. One study found a link between
off-premises outlet density but not on-premises and general
density and very high-risk drinking among a sample of
adolescents and young adults [23]. Further research needs
to examine the relative impact of general licence establish-
ments on adolescent drinking.

Our findings indicated that urban neighbourhoodswith
a higher density of off-premises outlets were associated
with overall risky drinking, although not among regional
communities. Off-premises outlets were related similarly
to past-month alcohol use for all adolescents in the study.
While past research suggests that off-premises density is
associated with recent alcohol use [12,13,19,20,24] and
heavy drinking [7,23], some studies have reported non-
significant associations with this type of outlet and a range
of drinking outcomes [14,15,17]. Liquor retail stores often
have branding (including cartoon images) and prominent
window displays which can appeal to children and adoles-
cents. Additionally, the greater number of outlets selling
take-away alcohol may provide increased availability for
people purchasing alcohol for adolescents [37]. As high
off-premises density has been associated with underage
youth making successful alcohol purchase attempts [17],
strict enforcement of laws prohibiting alcohol sales to
minors through repeated compliance checks is needed,
with a stronger emphasis possibly required in metropolitan
communities.

There are several limitations to the current study.While
we examined the relationship between outlet density and
alcohol consumption using four waves of self-report survey
data, each survey included a different group of partici-
pants. Thus, the cross-sectional design precludes the ability
to draw causal inferences. The risky drinking variable was
based on the number of beverages consumed; however, the
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number of standard drinks may have provided a more ac-
curate measure of consumption. As mentioned previously,
measuring outlet density as per-capita counts may be an
insensitive measure in some circumstances, as it assumes
that each outlet within a licence category is equal and fails
to take into account varying capacity of outlets to influence
drinking in the community. The addition of alcohol sales
data would be beneficial to quantify more accurately the
relative impact of specific licence types on consumption,
especially in relation to off-premises outlets [38]. Given
that population-based measures for outlet density may
not reflect alcohol availability accurately when comparing
metropolitan and regional/remote areas, a distance-based
measure (e.g. outlets per mile) using geocoding software
may have been more appropriate. However, as we were
unable to obtain the full address of liquor licences in two
states, and residential addresses of students were not re-
corded, geocoding was not an option for this study. Finally,
we were limited by the range of control variables available.
Other unmeasured factors may explain some of the rela-
tionships observed; for example, perceived alcohol avail-
ability and friends with access to a car have been found
to interact with outlet density and adolescent drinking.

Our findings provide evidence that the density of the
four main types of alcohol outlets is related to adolescents’
alcohol use. Regulating the number of general, on- and off-
premises establishments in all communities and licensed
clubs, particularly in urban communities, may reduce
underage drinking as a result of exposing them to fewer
opportunities to access alcohol and modelling of drinking
behaviour. Future work could include qualitative research
to understand more clearly the mechanisms of influence
by geographic location, as well as further quantitative
examinations of the differences in underage drinking and
alcohol-related harms by different outlet types at varying
distances to individual’s homes.
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