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Abstract

Background: To examine whether changes in density of neighborhood alcohol outlets affected changes in alcohol
consumption 1-year after regulatory changes increased alcohol availability.

Methods: Person-level data came from a population-based cohort (aged 21–64) residing in/around the Philadelphia,
Pennsylvania metropolitan area (2016–2018, N = 772). Fifty-eight percent lived in a state that began implementing new
regulations (Pennsylvania) and the remainder lived in states without major regulatory changes (Delaware and New
Jersey). Alcohol consumption was assessed as days per week (pw), drinks pw, high consumption (≥8 drinks pw), and
binge drinking. Availability of off-premise alcohol outlets was assessed using 1-mile density and distance. Regression
models adjusted for age, gender, race/ethnicity, income, education, health status, state and population density.

Results: Cross-sectional analyses found that higher outlet density was associated with more alcohol consumption
(days, drinks, high consumption; all p < 0.03) and residing farther from an outlet was associated with less
alcohol consumption (days and drinks; all p < 0.04). In longitudinal analyses, relative to no change in outlets, exposure
to more outlets was associated with 64% higher odds of drinking on more days pw (p < 0.049) and 55% higher odds
of consuming more drinks pw (p < 0.081). However, the longitudinal association between changes in outlets and
changes in consumption did not differ for residents in Pennsylvania vs. nearby states. In cross-sectional and
longitudinal analyses, outlets were not related to binge drinking.

Conclusion: Off-premise outlets were associated with alcohol consumption consistently in cross-sectional analysis and
in some longitudinal analyses. Results can inform future studies that wish to evaluate longer-term changes in increased
alcohol availability and effects on consumption.
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Background
Research investigating geographic access to alcohol out-
lets on alcohol consumption posits that having many op-
portunities for purchasing alcohol makes it convenient
to buy alcohol, exposes individuals to alcohol marketing

(at point of purchase or outside venues that sell alcohol),
and promotes alcohol use as a normative behavior [1, 2].
For these reasons, availability of neighborhood alcohol
outlets (defined as higher density of alcohol outlets
within geographical areas or closer proximity to outlets)
may be associated with alcohol use, higher frequency of
alcohol consumption and higher volume of alcohol
consumption.
A number of reviews have summarized results from

studies that examined whether geographic access to
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alcohol was associated with higher alcohol consumption
among adults [1–3]; findings from these reviews suggest
a positive association [1–4]. However, studies have pri-
marily used alcohol sales or household purchases to
proxy individuals’ consumption (for example: [5]) and
most have been cross-sectional (for example [6]). Two
longitudinal studies used middle-aged to older-aged co-
horts to study effects of off-premise alcohol availability
on alcohol consumption [7, 8]. One Finnish study used a
predominantly female middle-aged cohort (mean age of
participants was 44.1) and found that, after approxi-
mately seven years, risk of heavy alcohol use (roughly
equivalent to > 2 drinks per day, the only outcome evalu-
ated) increased when alcohol retail outlets became closer
to cohort members’ homes [8]. Increases in outlet dens-
ity showed expected increases in heavy alcohol use, but
results were not statistically significant. Another study in
the U.S., used an older cohort of men and women (mean
age 62 at baseline) and found – after approximately ten
years – density of liquor store outlets (no other types of
off-premise outlets were included) was associated with
increases in weekly alcohol consumption (but not
current alcohol use or heaviest drinking days) [7]. Given
the paucity of longitudinal studies in adult samples and
the diversity of alcohol contexts studied and measures
used, more longitudinal studies are needed in order to
gain more insight into this topic.
In the U.S., states and counties set their own regula-

tions that govern retail availability of alcohol. Over the
past 50 years, most states have relaxed control over alco-
hol sales, however, in some states/counties, restrictive
regulations remain such as selling alcohol only in state-
owned stores with limited hours of operation. Public
health advocates generally support restricting alcohol
sales including retaining state monopolies over alcohol
sales [9]. Monopolies can quite easily set limits on sale
hours, retail locations, and minimum prices; whereas
private businesses are more likely to push for greater
availability and incentivize alcohol purchases via prices
and marketing [1, 10–13].
Two research groups have used quasi-experimental

studies to test whether privatization of alcohol – mean-
ing, converting from state monopolies over alcohol sales
to private business- and subsequent increases in alcohol
retail density, impacted residents’ drinking. Results have
been mixed. A Canadian research team found that par-
tial privatization of British Columbia’s retail alcohol
monopoly 2003–2008 resulted in increased per capita al-
cohol sales [14]. A U.S. research team found overall per
capita liquor sales declined during the two years after
implementation of a 2012 regulation that privatized
Washington state’s liquor outlets [5, 15]. Besides mixed
results, generalization of results from one context to an-
other is very challenging due to diversity of alcohol

regulations across states/localities [16] as well as diver-
sity of their commercial and socio-cultural contexts.
More evidence is needed to evaluate what effect
privatization has on residents’ alcohol consumption.
Pennsylvania is one of the few remaining states in the

U.S. where alcohol is not convenient to purchase for off-
premise consumption. Until recently, the state only per-
mitted purchase of wine and spirits from retailers at
state-owned/operated stores (AKA state-owned retail
monopoly) and purchase of beer for off-premise con-
sumption was almost entirely limited to private beer dis-
tribution outlets (stores that only sell beer and non-
alcoholic beverages. In September 2016, the state started
to phase-in new regulations that relaxed the state’s retail
monopoly of wine and increased the number of private
licenses for beer. For the first time, grocers could apply
for a license to sell alcohol (beer and wine). The new
regulations included a few other provisions such as ex-
tension of Sunday sale hours, relaxing restrictions on al-
cohol marketing, and allowing beer distributors to sell
six-packs and individual bottles and cans (rather than
only 24-pack cases).
The current study will describe prevalence and short-

term changes in off-premise alcohol outlet density and
alcohol use in a Pennsylvania county that is undergoing
a relaxation of alcohol sales/availability and surrounding
comparisons counties. The comparison counties are in
New Jersey and Delaware where there have been private
off-premise sales of alcohol for decades and no major
changes in alcohol regulations occurred during the study
period (Supplement Table 1). The longitudinal hypoth-
esis was that after approximately 1 year of follow-up, in-
creases in alcohol outlets would be associated with
increases in alcohol consumption. Further, we tested
whether this association was stronger in Pennsylvania
(undergoing changes in alcohol regulations) vs. non-
Pennsylvania. The added value of this study is the use of
longitudinal data during a period where alcohol regula-
tions changed, inclusion of multiple measures of outlets
(density and proximity), and multiple measures of alco-
hol consumption (drinking days and drinks, high num-
ber of weekly drinks, and binge drinking).

Materials and methods
Data
Person data came from a telephone survey conducted
among residents aged 18–64 who lived in Philadelphia,
Pennsylvania (“Pennsylvania-group”) and nearby cities in
New Jersey and Delaware (Trenton, New Jersey; Camden,
New Jersey; and Wilmington, Delaware, “Non-Pennsylvania
group”) [17]. The survey was designed to study changes in
sugary beverage consumption after implementation of an
excise tax on such beverages in Philadelphia but it also in-
cluded questions on alcohol consumption. Survey
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participants were recruited in December 2016–February
2017 (baseline period) using a probability-based sampling
method to select phone numbers from the target areas
(random-digit-dialing). A landline and cell phone dual-
frame design was used [18]. Participants were paid $20 at
follow-up but were not paid at baseline. The study was ap-
proved by Drexel University IRB under expedited review,
and verbal informed consent of subjects was obtained by
GfK, a professional survey firm contracted for data
collection.
Participants who responded to the baseline survey

were re-contacted approximately one year later for a
follow-up survey (December 2017–March 2018). Alcohol
questions were only asked if the participant was legally
permitted to drink (aged ≥21). Details on the sample size
are provided in section “Analytical sample”.

Measures
Outcomes: alcohol consumption
Participants aged ≥21 were asked if they consumed any
type of alcoholic beverage in the past 30 days. Only past
30 days was asked in order to keep the phone survey fo-
cused/brief (and has been used by others [19]). If the
participant answered ‘yes’ to past 30 day alcohol con-
sumption, then subsequent questions were asked regard-
ing number of days, number of drinks consumed per
day, and binge drinking. Binge drinking was assessed
using the definition from the U.S. Substance Abuse and
Mental Health Services Administration [20]: at least one
day in past 30 days the person consumed a high volume
of alcohol on a single occasion (≥5 alcoholic drinks for
males and ≥ 4 for females). See Supplement Table 2 for
additional details on the alcohol measures.
In cross-sectional analyses, alcohol use was operation-

alized in four ways. We used number of days consumed
alcohol in past week (continuous variable), number of al-
cohol drinks consumed alcohol in past week (continuous
variable), high number of drinks per week relative to
others in the cohort (top quintile, ≥8 drinks per week,
binary variable), and binge in past 30 days (binary vari-
able). The rationale for using within-sample ranking of
alcohol consumption is that it acknowledges the low
precision inherent in alcohol self-reports [21] and down-
ward recall bias of drinking [22]. Numerous studies have
used ranked values to define alcohol consumption (for
example [23, 24]) because it differentiates lower and
higher values within a sample without relying on an ab-
solute threshold [25].
In longitudinal analyses, within-person change in alco-

hol consumption was operationalized using the same
variables described for cross-sectional analysis. Alcohol
at follow-up was subtracted from baseline and then clas-
sified into no change (equal to zero), decrease (< 0), in-
crease (> 0). One-year change in alcohol consumption

was small thus > 0 was used in order to identify all
changes in use.

Additional survey measures - covariates
The survey collected socio-demographic data (age, gen-
der, race, education, total annual income for the house-
hold from all sources before taxes) as well as select
health-related variables (height, weight, smoking, and
chronic cardiovascular conditions [high blood pressure,
high cholesterol, diabetes, or history of heart disease]).
Per capita income was household income divided by
number of people in the household supported by the
household income. Participant data were imputed if
missing race, education, and income per capita (using
census ZIP code data [< 5% of participants] or stratified
sample means [by age group, gender, and race, < 0.5% of
participants]).

Exposures: proximity and density of alcohol outlets
Participants’ home locations at baseline and follow up
were geocoded to their street address (or to the popula-
tion weighted centroids if only a ZIP code was reported,
4%) and then assigned alcohol outlet density and prox-
imity measures.
Alcohol outlet data were obtained from state alcohol li-

censing agencies. We compiled data only for off-premise
outlets, defined as where alcohol was purchased for off-
premise consumption only (not bars and restaurants). The
decision to limit to off-premise outlets was because litera-
ture has generally found a stronger associations between
off-premise outlets and health outcomes [2, 26, 27].
Proximity was operationalized as the street network

(driving) distance between a participant’s residence and
the nearest off-premise outlet.
Density was operationalized as the number of off-

premise outlets within 1.6 km (1 mile) of participants’
residences. Buffer radius of 1.6 km was used because it
represents a 20 minute walk or short drive which has
practical relevance for accessing alcohol outlets among
both highly urbanized and suburban residents and has
been sufficiently sensitive to identify associations be-
tween off-premise alcohol and alcohol use in other alco-
hol studies [6, 28]. Outlet density was further
standardized by the population in the buffer: outlet
density per 1.6 km buffer, per 10,000 population within
buffer. Per 10,000 population was used to improve com-
parability of residents in Pennsylvania (represented pri-
marily by the county of Philadelphia where population
density was high) to residents in non-Pennsylvania coun-
ties (a combination of urban and suburban counties).

Analytical sample
There were 2555 survey participants aged ≥21 who were
asked the alcohol questions at baseline, and 802 of these
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participants responded to the follow-up survey (31% re-
tention). Despite low cohort retention at follow-up,
those included vs. lost-to-follow-up were mostly similar
to the analytic sample. Among the 802 participants who
responded to the follow-up survey, 30 participants were
excluded due to missing outcome or exposure data, leav-
ing 772 participants in the cross-sectional analyses. For
longitudinal analyses, an additional 58 persons were ex-
cluded due to problems with operationalizing their ex-
posure, leaving 714 participants in longitudinal analyses.
(See details on the analytic sample in Supplement Fig. 1
and Supplement Table 3.)

Statistical analysis
Descriptive statistics summarized participant character-
istics by alcohol consumption status, state (Pennsylvania,
and non-Pennsylvania), at baseline and follow-up.

Cross-sectional
Due to skewed distributions and potential non-linear as-
sociations with alcohol use, for cross-sectional regression
analyses we ranked density of alcohol outlets into quar-
tiles and ranked distance to nearest outlet into tertiles.
Tertiles were used for distance (rather than quartiles) in
order to improve interpretation (the first quartile cat-
egory was a very short distance and only applied to the
Pennsylvania site, mostly represented by Philadelphia).
Tests for linear trend used the ranked categories as or-
dinal (continuous) variables. Logistic regression (for bin-
ary variable high alcohol consumption) and Poisson
regression (for count variable, number of drinking days
per month and drinks per week) adjusted for age, gen-
der, race/ethnicity, per capita income, educational attain-
ment, history of chronic disease, and population density.

Longitudinal
Longitudinal analyses used multinomial logistic regres-
sion to model a 3-category outcome: no change (=0), de-
crease (< 0), increase (> 0) for change in drinking days,
number of drinks per week, and binge drinking. A 3-
category exposure change variable was classified as 1.6
km density no change (=0), decrease (< 0), increase (> 0).
A small number of participants (8%, N = 58) experienced
a decrease in alcohol outlet density during follow-up.
This category was too small to be interpretable as a pri-
mary exposure category in regression, thus it was de-
leted, leaving 714 participants in the longitudinal
analyses (772–58 = 714). Longitudinal analyses adjusted
for the same variables in cross-sectional analyses plus
whether the participant moved out of the baseline ZIP
code over the follow-up (binary), residence at follow-up
was in Pennsylvania or not (binary), and population
density within the 1.6 km buffer at follow-up (quartiles).

See footnote in the regression table results for additional
details.

Testing effects of Pennsylvania’s regulations
In order to test whether changes to Pennsylvania’s regula-
tions changed residents’ consumption, we added a dummy
variable representing residence in Pennsylvania at follow-
up (vs. non-Pennsylvania). We examined whether changes
in alcohol were different for Pennsylvania vs. other areas
(main effect for state). In subsequent models, we included
an interaction term between this variable and change in
outlets over time (no change vs. increase). This tested
whether the within-person association between change in
outlets and change in consumption (no change, in-
crease, decrease) differed between Pennsylvania and
non-Pennsylvania.

Sensitivity
Because alcohol use is known to differ by gender [29], it
is possible that the association between outlet density
and alcohol consumption could differ by gender. In
cross-sectional and longitudinal analyses we assessed
heterogeneity in results by gender by including an inter-
action term between the outlet measures and gender.
The main analyses included all cohort members. We

assessed whether results changed after limiting the sam-
ple to the subset of cohort members who reported past
30 day alcohol use in either/both baseline and follow-up.
Software utilized for geocoding and spatial data pro-

cessing was ESRI Business Analyst Address Locator
(2016) and ArcGIS Pro v. 2.2. Software utilized for stat-
istical analysis was SAS v. 9.4.

Results
Descriptive results
Table 1 shows participant sociodemographic characteris-
tics. Fifty-eight percent of the cohort resided in Pennsyl-
vania at baseline and follow-up (Supplement Table 4).
Approximately one-half of the sample was aged < 50, fe-
male, had not attained a Bachelor’s degree, and was
White race. Sixty-three percent had per capita incomes
< 35,000 dollars.

Alcohol consumption at baseline and follow-up
Twenty-seven percent (N = 207) of the cohort did not
consume any alcohol at baseline or 1-year follow-up and
approximately 10% consumed alcohol only at baseline or
follow-up (not both periods).
Table 1 presents the distribution of alcohol use at

baseline across socio-demographic characteristics and
the Supplement Table 4 presents details on various alco-
hol measures at baseline and follow-up.
In the full sample, participants who were younger,

male, White race, and higher socio-economic status
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consumed alcohol more frequently than other members
of the cohort (median 4 days per month vs. approxi-
mately 2 days for others); and were over-represented in
the higher consumption group (≥8 drinks or more per
week, Table 1).

Among a subset of the cohort who consumed alcohol
in either time period (N = 565, 73%), median alcohol
consumption per week was 1.25 days (25th percentile
and 75th percentile [Q1Q3] 0.5, 2.5) and 2.5 drinks
(Q1Q3 0.75, 6.0) (not shown in the tables). Among this

Table 1 Characteristics of participants, by alcohol consumption (N = 772a)

Alcohol Consumptiona

Total Number of days per month
consumed alcohol

High number of drinks per week
relative to others in cohort
(top quintile, ≥ 8 drinks per week)

No Yes

N Col % Mean SD Median P25 P75 N Row % N Row %

Total 772 100% 5.5 7.1 3.0 0 8 644 83% 128 17%

N Col % Mean SD Median P25 P75 N Col % N Col %

Age Group

21 to 34 197 26% 5.9 7.0 4 0 8 155 24% 42 33%

35 to 49 218 28% 6.1 7.2 4 0 8 178 28% 40 31%

50 to 64 357 46% 4.9 7.0 2 0 8 311 48% 46 36%

Gender

Female 402 52% 4.7 6.6 2 0 8 358 56% 44 34%

Male 370 48% 6.3 7.6 4 0 8 286 44% 84 66%

Race

Black 259 34% 3.7 5.8 1 0 5 228 35% 31 24%

White 419 54% 6.9 7.7 4 0 10 332 52% 87 68%

Other 94 12% 4.2 5.9 2 0 8 84 13% 10 8%

Income per capita

< $15 k 149 19% 4.6 6.8 2 0 7 127 20% 22 17%

$15 k - < $35 k 337 44% 4.7 6.2 2 0 8 294 46% 43 34%

$35 k - < $50 k 142 18% 6.2 8.0 3 0 8 113 18% 29 23%

$50 k+ 144 19% 7.5 7.9 4 0 12 110 17% 34 27%

Education completed

High school (HS)b 225 29% 5.1 7.4 2 0 8 189 29% 36 28%

Tech school/2 years post HS 170 22% 4.2 6.2 2 0 8 140 22% 30 23%

4 year college 192 25% 6.2 7.2 4 0 8 156 24% 36 28%

Graduate school 185 24% 6.4 7.4 4 0 8 159 25% 26 20%

Chronic conditions, n (%)c 313 41% 4.9 7.0 2 0 8 275 43% 38 30%

Movedd

Yes 95 12% 6.2 7.0 4 0 8 70 11% 25 20%

No 677 88% 5.4 7.1 3 0 8 574 89% 103 80%

State (at follow-up)

Pennsylvania 444 58% 5.1 6.6 3 0 8 370 57% 74 58%

Delaware 148 19% 6.9 8.0 4 1 10 116 18% 32 25%

New Jersey 180 23% 5.4 7.3 2 0 8 158 25% 22 17%

Abbreviations: SD standard deviation, P25 25th percentile, P75 75th percentile, Col column
aIncludes participants who did not consume alcohol in past 30 days (N = 207 or 27% of the cohort)
bCompleted high school includes receiving a high school equivalency diploma (GED®)
cPresence of a chronic cardiovascular conditions was assessed by asking whether the participant was ever told by a doctor, nurse, or other health professional
that they had at least one of the following: high blood pressure, high cholesterol, diabetes, or history of heart disease
dMoved out of baseline ZIP code but stayed within study area
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subset, 22% consumed 8 or more drinks per week and
37% reported at least 1 binge occasion in the past 30
days. Most drinkers reported consuming beer and/or
wine (90%, alcoholic beverages that were subject to
changes in Pennsylvania alcohol regulations), 10% re-
ported only drinking spirits (data not shown in tables).
Within-person unadjusted analyses of change found

that -- for most of the cohort -- alcohol use was un-
changed between baseline and follow-up (days per week
median 0 [Q1Q3: − 0.5, 0.24]; drinks per week median 0
[Q1Q3: -0.75, 1] (Table 2). Most participants did not
change their binge occasions (68% had no change).
Over the 12-months of follow-up, differences in

prevalence of alcohol use across geographical sites
narrowed. The prevalence of alcohol use increased
slightly in Pennsylvania (61 to 63%) and decreased slightly
in non-Pennsylvania (70 to 66%) (Supplement Table 4).

However, among alcohol users, median days consumed al-
cohol per month remained roughly equivalent across the
study sites (4 to 5 days per month).

Density and proximity of alcohol outlets at baseline and
follow-up
Pennsylvania was represented primarily by Philadelphia
which is a large urban area with higher population dens-
ity than non-Pennsylvania areas. For example, Philadel-
phia, median density at follow-up was approximately
46,800 population in a1.6 km buffer which translates to
5818 per square km or 15,070 per square mile. Median
density in non-Pennsylvania areas was approximately
10,000 in a 1.6 km buffer which translates to 1243 per
square km or 3220 per square mile; see Supplement
Table 4). Population density was correlated with outlet
density (Spearman’s rank correlation coefficient = 0.84).

Table 2 Unadjusted within-person change in alcohol consumption and alcohol outlets; by total (all), Pennsylvania and non-
Pennsylvania, N = 772a

All Pennsylvania Non-Pennsylvania

N = 772 N = 444 N = 328

Within-person change in alcohol consumption - change in days, drinks, binge occasions

Median P25 P75 Median P25 P75 Median P25 P75

Number of days consumed alcohol per week 0 −0.5 0.25 0 −0.25 0.25 0 −0.5 0.25

N % N % N %

No change, N (%) 312 40% 195 44% 117 36%

Decreased, N (%) 238 31% 119 27% 119 36%

Increased, N (%) 222 29% 130 29% 92 28%

Median P25 P75 Median P25 P75 Median P25 P75

Number of drinks per week 0 −0.75 1 0 −0.5 1 0 −1.25 1

N % N % N %

No change, N (%) 259 34% 161 36% 98 30%

Decreased, N (%) 252 33% 131 30% 121 37%

Increased, N (%) 261 34% 152 34% 109 33%

Median P25 P75 Median P25 P75 Median P25 P75

Number of binge occasions, past 30 days 0 0 0 0 0 0 0 0 0

N % N % N %

No change, N (%) 522 68% 302 68% 220 67%

Decreased, N (%) 111 14% 60 14% 51 16%

Increased, N (%) 139 18% 82 18% 57 17%

Within person change in number of off-premise outlets, change in number within buffer

Median P25 P75 Median P25 P75 Median P25 P75

1600m buffer 0 0 1 0 0 1 0 0 0

N % N % N %

No change, N (%) 508 66% 281 63% 227 69%

Decreased, N (%) 58 8% 32 7% 26 8%

Increased, N (%) 206 27% 131 30% 75 23%

Abbreviations: SD standard deviation, P25 25th percentile, P75 75th percentile, Col column
aIncludes participants who did not consume alcohol in past 30 days in both waves: N = 207 or 27% of the cohort
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At baseline, Pennsylvania residents lived in areas with
higher density of outlets than non-Pennsylvania residents
and were much closer to an outlet. For example, median
number of off-premise outlets within 1.6 km buffer for par-
ticipants in Pennsylvania was 7 (25th–75th percentile
[Q1Q3]: 3–13) vs. in non-Pennsylvania median was 2
(Q1Q3: 0–5); median distance to the nearest outlet was
742m in Pennsylvania vs. 1205m in non-Pennsylvania.
More than one-half of the sample experienced no change
in the density of off-premise outlets (66% for all). The pro-
portion of the cohort that experienced an increase was
higher in Pennsylvania (30%) than in non-Pennsylvania
(23%).

Adjusted cross-sectional results
Table 3 displays the adjusted cross-sectional results from
logistic regression (for binary variable high alcohol con-
sumption) and Poisson regression (for count variable,
number of drinking days per month and drinks per week).
Outlet density. Residents living in areas with higher

outlet density areas (quartile 3) did not increase their

drinking days however they had 21% more drinks per
week (expβ = 1.21, 95% confidence interval [CI]: 1.09,
1.35 [p < 0.001]). Residents living in the highest outlet
density areas (quartile 4) had 28% more drinking days
per week and 34% more drinks per week (outlet density
quartile 4 vs. 1, drinking days: expβ = 1.28, 95% CI: 1.08,
1.52 [p = 0.005]; drinks per week: expβ = 1.34, 95% CI:
1.21, 1.49 [p < 0.001]). The odds of having a high number
of drinks per week (≥8 drinks per week), was 97% higher
for residents living in higher density areas (outlet quar-
tile 3 vs. 1, odds ratio [OR] 1.97, 95% CI: 1.08, 3.62 [p =
0.028]) and results suggested an expected positive direc-
tion [30] for residents living in the highest density areas
quartile 4 vs. 1 (OR 1.59, 95% CI: 0.87, 2.92 [p = 0.13]).
All tests for linear trend (AKA trend) between outlet
density quartiles and drinking outcomes were p < 0.002,
with the exception of high number of drinking days
which was p < 0.056.
Outlet distance. In the adjusted analyses, residents

living in areas farthest from an alcohol outlet (tertile 3
vs. 1) had approximately 20% fewer drinking days per

Table 3 Adjusteda cross-sectional estimates of alcohol consumption with density of off-premise outlets and distance to outlets. N =
772

Number of drinking days
per weekb

Number of drinks
per week

High number of drinks
per week relative to
others in cohortc

Binge at least once in
past 30 daysc

(continuous counts) (continuous counts) (binary variable) (binary variable)

Exp 95% CI P Exp 95% CI P Odds 95% CI P Odds 95% CI P

Exposure (Beta)c low high value (Beta)c low high value ratio low high value ratio low high value

Alcohol outlet density in 1.6 km buffer, per 10,000 population

Quartilesd

Q1. Lowest 0.0–0.99 Referent Referent Referent Referent

Q2. 1.0–1.70 0.98 0.82 1.19 0.864 1.02 0.91 1.14 0.728 1.22 0.65 2.32 0.536 1.03 0.64 1.66 0.905

Q3. 1.71–2.8 1.11 0.93 1.33 0.253 1.21 1.09 1.35 0.001 1.97 1.08 3.62 0.028 0.90 0.56 1.45 0.662

Q4. Highest 2.9–10.7 1.28 1.08 1.52 0.005 1.34 1.21 1.49 <.0001 1.59 0.87 2.92 0.135 1.19 0.75 1.89 0.464

Distance from participant to nearest off-premise outlet

Tertiles, kilometerse

T1. Nearest 0.021–0.622 Referent Referent Referent Referent

T2. 0.623–1.26 1.00 0.86 1.16 0.993 0.96 0.88 1.05 0.386 0.92 0.56 1.51 0.737 1.09 0.72 1.65 0.674

T3. Farthest 1.27–10.16 0.81 0.67 0.99 0.038 0.79 0.70 0.88 <.0001 0.58 0.30 1.11 0.100 1.28 0.77 2.12 0.346

Abbreviations: CI confidence interval
aCross-sectional results follow-up, adjusted for age, gender, race/ethnicity, per capita income, educational attainment, history of chronic disease (binary), state.
When per-population was not part of the exposure measure, then the model also adjusted for population density within a 1.6 km area (operationalized into
quartiles)
bPoisson regression was used to derive these estimates. Beta coefficients represents the difference in the logs of expected drinking days (per week) for discrete
exposure category vs. referent category. Exponentiated beta coefficient represents a relative value. Thus, in cross-sectional data the exp.(beta) 1.28 can be
interpreted as 28% higher drinking days per month when living in the highest quartile of outlet density (0.29–1.7 per 10,000 population) relative to the lowest
quartile (the referent group)
cLogistic regression was used to derived these estimates. High number of drinks refers to high consumption relative to others in cohort (top quintile > = 8 drinks
per week). Binge in the past 30 days refers to > = 1 time in past 30 days consumed a large volume of alcohol during a single occasion (> = 5 drinks for males, > =
4 drinks for females). For 5 participants, their baseline binge value was used because their follow-up value was missing
dThe following information attempts to aide interpretation of the quartile groups for alcohol outlet density in a 1.6 km buffer, per 10,000 population. Within each
quartile of the standardized count, the median (and P25, P75) of the unstandardized 1.6 km density is as follows: Quartile 1: median 0 outlets (0–1); Quartile 2:
median 6 outletS (2, 8), Quartile 3: median 7 outlets (3, 13); Quartile 4: median 11 outlets (4, 25)
eTertitle distances in miles: T1. 0.01–0.386 miles, T2. 0.387–0.78 miles, T3. 0.79–6.31 miles
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week (p < 0.038, trend was p < 0.06) and drinks per week
(p < 0.0001, trend was p < 0.0002). Results also suggested
an expected negative direction [30] for having a high
number of drinks per week (≥8 drinks per week) with in-
creases in distance to an alcohol outlet (farther distance
to an alcohol outlet tertile 3 vs. 1, OR 0.58, 95% CI: 0.30,
1.11 [p < 0.1] and trend p < 0.13).
Binge drinking was not associated with alcohol outlet

density or proximity.

Adjusted longtudinal results
Table 4 shows the adjusted multinomial longitudinal re-
sults for increases in outlets (vs. no change in outlet
density) and change in alcohol consumption. Relative to
no change in alcohol outlet density, residents exposed to
increases in alcohol outlet density had 64% higher odds
of increasing their drinking days per week (compared to
those with no change in consumption, OR: 1.64, 95% CI:
1.00, 2.67 [p < 0.049]) and results also suggested drinks
per week increased (note that most of the confidence
interval is above the null value, which aligned with an
expected positive direction [30] OR: 1.55, 95% CI: 0.95,
2.55 [p < 0.081]). Point estimates were positive for in-
creases in outlet density and decreases in drinking days
per week (vs. no change in consumption); however –
compared to results for increases in alcohol

consumption -- odds ratios were weaker and p values
higher (decrease in drinking days per week p < 0.41; de-
crease in number of drinks per week p < 0.91).
There was no evidence that change in outlets was re-

lated to an increase or decrease in past 30 days binge
drinking (p > 0.6).

Interactions
We found no strong evidence that there were cross-
sectional differences by gender in the association be-
tween alcohol outlets (density or proximity) and drink-
ing days or high alcohol use or binge in past 30 days
(p for interaction > 0.09 and no evidence from longitu-
dinal analyses that there were differences by gender sex
in the association between change in outlet and change
in consumption (p for interaction > 0.18). The exception
to this was in cross-sectional analysis, the association be-
tween alcohol outlets (density or proximity) and drinks
per week was stronger for males than females (p for
interaction < 0.0001, Supplement Fig. 2).
In longitudinal analyses, before inclusion of an inter-

action term, we examined the main effect of state (living
in Pennsylvania vs outside Pennsylvania). There were no
differences by state at follow-up in changes in drinking
(p > 0.4) except that residents in Pennsylvania, had lower
adjusted odds of decreasing their drinking (days per

Table 4 Multinomial regression results. Adjusteda within-person change in alcohol consumption (change in days, drinks, binge
occasions) for an increase in off-premise alcohol outlets within a 1.6 km bufferb. N = 714c

Distribution Adjusted 95% confidence interval P

N in the sample odds ratiod low high value

Change in number of drinking days per week

1. No change 288 40% Referent

2. Increased 206 29% 1.64 1.00 2.68 0.049

3. Decreased 220 31% 1.23 0.76 2.00 0.409

Change in number of drinks per week

1. No change 239 33% Referent

2. Increased 244 34% 1.55 0.95 2.55 0.081

3. Decreased 231 32% 0.97 0.58 1.62 0.908

Change number of binge occasions (past 30 days)e

1. No change 483 68% Referent

2. Increased 126 18% 1.16 0.68 1.97 0.588

3. Decreased 105 15% 1.01 0.57 1.79 0.984

Abbreviations: CI confidence interval
aAdjusted for age at baseline, gender, race/ethnicity, per capita income, education, history of chronic disease (binary), moved from ZIP code at follow-up, state at
follow-up (Pennsylvania vs non-Pennsylvania), and population density per 1.6 km area (quartiles)
bThe exposure is a binary variable: increase in outlets vs. no increase in outlets (referent category) using the measure ‘count of outlets in 1.6 km buffer’. The
category for ‘decrease’ in outlets was not included because very few participants experienced a decrease in outlets. Per population standardization was not
needed for the exposure variable in longitudinal model because the exposure was within-person change in outlet exposure and population density did not
change much (because participants remained in their state). Nevertheless, we included population density (quartiles) as an adjustment variable in the model
cThe sample size for this table slightly decreased (from N = 772 to N = 714). We deleted the 58 participants who experienced a decrease in alcohol outlet density
during follow-up
dOdds ratios derived from multinomial logit regression as appropriate for 3-level outcome: alcohol consumption no change (referent category), decrease, increase.
Change defined as | > 0| days per week, | > 0| drinks per week, | > 0| binge days per month
eBinge refers to past 30 days consumed a large volume of alcohol during a single occasion (> = 5 drinks for males, > = 4 drinks for females)
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week [β − 0.0280, p < 0.005] and drinks per week [β −
0.5302, p < 0.037], not shown).
In longitudinal analysis after including an interaction

between state and changes in alcohol outlets, there was
no evidence that the association between changes in out-
let density on changes in alcohol consumption differed
for residents in Pennsylvania (where new regulations
were being phased-in) vs. other areas (p for interaction
> 0.6 for outcomes drinks per day and drinks per week).

Sensitivity: subset sample to past 30 day alcohol users
When the sample was subset to only cohort members
who reported past 30 day use of alcohol, cross-sectional
inference was largely the same (Supplement Table 5).
Longitudinal analyses showed a positive point estimate
for increases in outlet density and increase in drinking
days per week (vs. no change in consumption), but the p
value was not statistically significant (likely due to insuf-
ficient contrast in outcome and decreased sample size)
(Supplement Table 6).

Discussion
This population-based study described prevalence and
short-term changes in off-premise alcohol outlets and al-
cohol use in a Pennsylvania county where new regula-
tions were being phased-in vs. counties in surrounding
states where no major changes in outlet licensing oc-
curred. Cross-sectional results adjusted for confounders,
consistently found residents living in higher outlet dens-
ity areas and closer to outlets consumed more alcohol
(weekly number of days consumed alcohol and number
of drinks per week). Longitudinal analyses of within-
person changes over one year follow-up found that resi-
dents exposed to increased alcohol outlet density had in-
creases in the number of drinking days and drinks per
week. In cross-sectional and longitudinal analyses there
was no association for binge drinking.
Our cross-sectional results found that drinking days

per week was 28% higher and drinks per week was 34%
higher for residents in areas with the highest density of
outlets vs. lowest density. Using the prevalence of alco-
hol consumption in our sample, this translates to an
average of approximately 3 more drinking days per
month or -- among more frequent alcohol users (those
in the top quartile of drinks per week) -- approximately
8 more drinking days per month. In general, our results
aligned with positive associations between outlet density
and/or proximity and alcohol consumption found in
other work and summarized in reviews [1–3], however,
most prior work proxied individual alcohol consumption
via aggregate sales or purchases [5].
Our longitudinal results found that relative to no

change in alcohol outlet density and no change in con-
sumption, residents exposed to increases in alcohol

outlet density had 64% higher drinking days per week.
Only two previous cohort studies examined changes
among adults in alcohol consumption in response to
changes in off-premise outlets. One of the studies [7],
followed a middle-aged/older cohort for 10 years who re-
sided in diverse regions in the U.S.. Results can roughly
be translated as follows: for an increase in 4 liquor stores
within a 1-mile area, drinks per week increased by
roughly 10%; liquor stores were the only type of outlets
included. The other study [8], followed a middle-aged
cohort in Finland for 7 years and only evaluated the risk
of heavy alcohol use (roughly equivalent to at least 2 or
3 drinks per day, approximately 10% of the cohort).
Halonen et al. found risk of heavy alcohol use increased
with geographic access to outlets [8]. In contrast, longi-
tudinal results from our study and from the other U.S.
study did not find associations between change in outlets
and changes in heavy alcohol use. Differences in con-
text/regulations, measurement, and cohort composition
(for example, the Finnish study was a cohort of public
sector employees where heavier drinking was more
prevalent) make the studies difficult to compare.
We tested whether the longitudinal associations were

stronger among participants who resided in Pennsylvania
(where changes in alcohol regulations were underway) vs.
those from non-Pennsylvania. We found no evidence of
this: within-person change in outlets and within person
change in alcohol consumption did not differ for Pennsyl-
vania vs. non-Pennsylvania. Our ability to detect differ-
ences by state was constrained because over one year,
changes in alcohol outlets were small. Although the pro-
portion of the cohort that experienced an increase was
somewhat higher in Pennsylvania (30%) than in non-
Pennsylvania (23%), most of the cohort’s within-person
change in outlet exposure was due to relocation within
the study area rather than within-neighborhood change in
outlets. During the study period, changes in Pennsylvania’s
alcohol regulations were being phased-in [31]. Approxi-
mately every few months, the state licensing agency made
additional licenses available and businesses could apply
for them and then compete in a license lottery.
Results assessing exposure to outlets and alcohol con-

sumption are difficult to generalize across diverse alcohol
regulatory environments, and socio-cultural differences by
region. For this reason, it is important to continue to con-
duct regional studies on this topic [2]. Two research
groups have used quasi-experiments to test whether
privatization of alcohol, and subsequent increases in alco-
hol retail density, impacted residents’ drinking measured
via purchases of alcohol (or retail sales). Both research
groups found increases in outlets post- privatization. Add-
itionally, the Canadian team found increases in per capita
alcohol sales approximately 5 years post-privatization [14]
while the US team found overall sales declined
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approximately two to three years post-privatization [5, 15]
although alcohol purchases increased among some low
and moderate alcohol purchasers [15]. Possible reasons
for the decline in sales in Washington state was that
privatization was accompanied by increase in prices [32].
Given well-documented secular increases in alcohol

consumption among women [29, 33], examination of
gender-differences in associations between neighborhood
outlets and drinking is an important area for future re-
search. Our study mostly did not detect differences in the
association between outlets and alcohol consumption by
gender. The exception was cross-sectional associations be-
tween outlets and drinks per week which was stronger for
males; however, there were no gender-differences in our
longitudinal analyses. The only other U.S. adult cohort
study that is comparable to our study found stronger lon-
gitudinal associations for men (compared to women) [7].
If gender-differences in the association between neighbor-
hood alcohol outlets and drinking are true, we conjecture
that perhaps gender-differences in food/beverage shop-
ping account for some of the variation [34,35].

Summary of study strengths and limitations
Distinct strengths of this study are 1. We leveraged changes
in alcohol environment to conduct cross-sectional and lon-
gitudinal analyses examining the association between alco-
hol outlets density and proximity and self-reported alcohol
consumption. 2. We geocoded alcohol license data and cre-
ated multiple measures of access: density in the 1-mile area
surrounding the participant’s residence and a proximity
measure that measured distance using the street network.
This is an improvement on other work that assessed access
to outlets using an administrative unit such as census tracts
[36, 37] or self-reported access to outlets [38] and work that
only focused on either density or distance but not both [7].
3. Compared to prior studies using alcohol sales informa-
tion, we included multiple measures of alcohol consump-
tion (drinking days and drinks, high number of weekly
drinks, and high volume of alcohol consumed in a single
occasion).
There are a few limitations worth noting. 1. The limita-

tions of alcohol consumption data are well-known, par-
ticularly regarding under-reporting among adults [39].
Nevertheless, the sample distribution for alcohol con-
sumption in our dataset roughly aligned with distributions
reported in national surveillance datasets [29, 40] – al-
though our estimates were slightly higher. For example,
surveillance data reports that 55% of adults aged ≥18 re-
ported drinking in the past month [29] and in our data it
was approximately 65% among aged 21 or older. Surveil-
lance data reported approximately 25% of aged ≥25 re-
ported binge drinking in past month (defined as 4 drinks
females/5 drinks males per occasion in past month) [40]
and in our data approximately 30% reported at least one

binge day in past month. 2. Some of the analyses were
cross-sectional which are subject to temporal biases. Fur-
ther, there was only 1-year between baseline and follow-
up for the longitudinal period which limited our methods
and inference for longitudinal analyses. There were gener-
ally only small changes in alcohol consumption and alco-
hol outlet exposures over this period, thus hampering our
ability to detect hypothesized signals from the longitudinal
data. 3. Our survey did not ask alcohol consumption ques-
tions to participants who were not legally able to purchase
alcohol (aged < 21) thus it is unknown if results would
generalize to them.

Conclusions
This study – conducted in a context where alcohol regu-
lations were undergoing liberalization – affirmed that
off-premise outlet density and proximity were positively
associated with alcohol consumption in cross-sectional
analyses. In longitudinal analyses, our findings suggested
that increases in outlet density may promote more alco-
hol consumption; results were strongest for frequency of
days consumed alcohol.
In most areas of the world, alcohol availability and

marketing are increasing as is alcohol use [41]. Public
health advocates generally support restricting alcohol
sales including maintaining state monopolies over alco-
hol sales. Post-privatization, the number of alcohol out-
lets tend to increase dramatically leading to much
greater access/availability of alcohol [1, 11]. Increased
competition among retailers leads to dramatic increases
in alcohol advertising [12] and the rapid rise in outlets
combined with less government oversight can lead to
decreased enforcement of minimum-drinking-age laws
and other sales restrictions [13].
In North America, the general public continues to

broadly support greater access to alcohol [42] and has low
understanding of the connections between availability of
alcohol in food/beverage stores and harmful alcohol use in
adult populations [43, 44]. The alcohol industry’s expan-
sive marketing activities are difficult to counter [45].
Nevertheless, it is important that alcohol control programs
use the available research evidence to better-communicate
how liberalization of alcohol outlet regulations can pro-
mote alcohol consumption and the personal and
community-level harms from alcohol use [16]. More lon-
gitudinal studies are needed in order to build the evidence
base – particularly in areas considering policy changes.
Results from this study can inform future studies that wish
to evaluate longer-term relaxation of alcohol control that
could affect alcohol availability and alcohol consumption.

Abbreviations
CI: Confidence interval; KM: Kilometer; Q1Q3: 25th percentile and 75th
percentile; OR: Odds ratio; expβ: Exponentiated beta coefficient
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