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ABSTRACT. Objective: The purpose of this study was to examine 
whether neighborhood socioeconomic deprivation and alcohol outlet 
density are associated with hazardous drinking using a co-twin design 
to control for confounding because of genetic and shared environmental 
factors. Method: The study sample included cross-sectional data from 
1,996 same-sex adult twin pairs (mean age = 36.6; 65.9% female) 
from the Washington State Twin Registry. The Singh Index was used to 
characterize neighborhood social deprivation for participants’ census 
tract of residence. Geocoded alcohol outlet data were used to create a 
measure of census tract alcohol outlet density. The three-item Alcohol 
Use Disorders Identifi cation Test–Consumption scale (AUDIT-C) was 
used to measure the level of hazardous drinking. Poisson mixed-effects 
models were used to examine associations between neighborhood fac-
tors and AUDIT-C score. Covariates included household income, level 

of education completed, non-White race, sex, and rurality of residence. 
Results: Accounting for covariates, there was a statistically signifi cant 
within-pair association between neighborhood socioeconomic depriva-
tion and a higher level of hazardous drinking. There was no within-pair 
association between the density of alcohol outlets and hazardous drink-
ing. Associations did not differ by zygosity. Conclusions: The socio-
economic conditions of the neighborhood may play an important role 
in the development of alcohol misuse even after accounting for genetic 
and shared environmental infl uences. Twin designs may be a promis-
ing complementary approach to investigating the role of neighborhood 
characteristics on alcohol and substance use. Further research is needed 
to better understand the ways through which and for whom neighbor-
hood characteristics may infl uence hazardous drinking. (J. Stud. Alcohol 
Drugs, 79, 68–73, 2018)
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THERE HAS BEEN LONG-STANDING INTEREST in 

the infl uence of neighborhood contextual factors on alco-

hol use and related problems (Karriker-Jaffe, 2011; Watts & 

Rabow, 1983). Two neighborhood-level characteristics thought 

to infl uence alcohol use are socioeconomic deprivation and 

alcohol outlet density. Although not entirely consistent, studies 

have shown that indicators of neighborhood deprivation are 

associated with increased alcohol use and problems (Cerdá et 

al., 2010; Rudolph et al., 2013; Stimpson et al., 2007). There 

is also evidence for effects of alcohol outlet density on alcohol 

use and related problems. A greater density of alcohol outlets 

(i.e., on-premise outlets that sell alcohol for consumption 

onsite, such as bars and restaurants, and off-premise outlets 

that sell for offsite consumption, such as liquor stores) may 

affect heavy drinking through increasing alcohol availability, 

may create core groups of problem drinkers through niche 

assortment (Gruenewald, 2007), or may simply be a marker of 

socially disorganized neighborhood environments. Ecological 

studies have consistently shown associations between higher 

outlet density and alcohol consumption and other problems 

such as drinking and driving, violence, and crime (Gru-

enewald, 2007). Despite some contrasting fi ndings (Pollack 

et al., 2005), evidence is available from multilevel studies as 

well (e.g., Brenner et al., 2015a, 2015b; Gruenewald et al., 

2014; Theall et al., 2011).

 Although most studies on neighborhood factors and 

alcohol focus on the frequency and/or amount of alcohol 

consumption, fewer studies have examined indicators of 

hazardous drinking or disordered use as an outcome (e.g., 

Ahern et al., 2015). Because of the physical and psycho-

logical risks associated with hazardous drinking (Reid et 

al., 1999), research is also necessary on the potential role of 

neighborhood context on indicators of hazardous or disor-

dered alcohol use.

 Despite emerging evidence linking neighborhood con-

textual factors and alcohol use, causal inference remains 

hampered because of unmeasured factors associated with 

neighborhood self-selection that could lead to potential 
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bias attributable to nonrandom sorting. One promising and 

complementary approach to more traditional designs is the 

use of twin designs that overcome the potential for genetic 

and shared environment confounding (Duncan et al., 2014). 

Any within-twin-pair associations cannot be attributed to 

genetics in monozygotic (MZ) twins or to common family 

of origin and upbringing factors (e.g., parents’ use of and at-

titudes toward alcohol use) in MZ and dizygotic (DZ) twins, 

although other important factors that make twins within a 

pair different would still need to be accounted for. Studies 

of neighborhood effects have used this twin design for out-

comes including physical activity, depression, and substance 

use, among others (Cohen-Cline et al., 2015; Duncan et al., 

2015; Kendler et al., 2014).

 The aim of this study was to examine whether neighbor-

hood socioeconomic deprivation and alcohol outlet density 

are cross-sectionally associated with hazardous drinking 

using an adult twin sample to control for confounding by ge-

netic and shared (familial) factors that would otherwise con-

found statistical associations among unrelated individuals.

Method

Study participants

 Participants in this study were enrolled in the Washington 

State Twin Registry (WSTR) (formerly the University of 

Washington Twin Registry). Details about registry construc-

tion have been described elsewhere (Afari et al., 2006; Stra-

chan et al., 2013). Briefl y, the WSTR is a community-based 

sample of adult MZ and DZ twin pairs reared together who 

have been identifi ed through Washington State Department 

of Licensing records since 1999. Participating twins com-

pleted a survey with items regarding sociodemographics, 

general physical and mental health, and health behaviors. 

Twins were classifi ed as MZ or DZ based on standard 

questions that have been shown to have greater than 90% 

accuracy when compared with DNA-based methods (Spitz 

et al., 1996). Participant residences were geocoded for those 

enrolled in 2008 or later. Because there were changes in 

Washington State legislation that took effect in 2012 that 

allowed for privatization of liquor sales, which affected 

alcohol outlet availability and spatial distribution, partici-

pants enrolled after June 2012 were not included. Thus, this 

study included participants who completed the study survey 

between 2008 and 2012 and whose residence was geocoded. 

This sample was further restricted to 2,130 same-sex pairs 

who were both living in Washington State, where fi ner grain 

data on alcohol outlet locations were available.

Measures

 To obtain neighborhood measures, geocoded participant 

residences at the time of the survey were linked to census 

tracts. Participants resided in 1,189 census tracts with a 

mean of 3.4 participants per tract (range: 1–17).

 The area-based Singh index was used to assess neighbor-

hood social deprivation (Singh, 2003; Stimpson et al., 2007). 

A factor score was derived from 17 census tract–level indica-

tors, including percentage living in poverty, educational at-

tainment, employment status, median household income, car 

ownership, and crowding. The full list of variables used for 

the derivation of the index and their distributions are avail-

able in online supplemental information. The Singh index 

factor score was standardized, with higher scores indicative 

of greater deprivation.

 The Washington State Liquor and Cannabis Board provided 

addresses for on- and off-premise outlets (both state-run hard 

liquor stores and stores that sold beer and wine) with active 

licenses in each of the years 2008 through 2012. These outlets 

were geocoded with a 100% match rate and used to create 

spatial measures for the density of on- and off-premise outlets 

per square kilometer within the participant’s census tract of 

residence. Because the densities of on- and off-premise out-

lets were highly correlated (Spearman’s ρ = .79), for primary 

analyses we used the total density of any type of outlet. For 

ease of interpretation, the outlet density variable was divided 

by 3.36, which represents the interquartile range.

 The Alcohol Use Disorders Identifi cation Test–Consump-

tion scale (AUDIT-C) was used in the WSTR surveys to assess 

hazardous drinking (Bush et al., 1998). The AUDIT-C was 

developed to identify individuals with hazardous patterns of 

alcohol consumption and potential alcohol use disorder. Items 

ask about the frequency of any drinking, typical number of 

drinks consumed when drinking, and frequency of heavy 

drinking. This scale has strong psychometric properties with 

high test–retest reliability and criterion validity when assessed 

against clinical diagnoses for  alcohol abuse or dependence 

according to criteria from the Diagnostic and Statistical 
Manual of Mental Disorders, Fourth Edition (DSM-IV; 

American Psychiatric Association, 1994), as well as the 

DSM-5 (American Psychiatric Association, 2013) AUD in 

population-based samples (Dawson et al., 2005, 2012).

 Additional covariates obtained from the survey included 

sex, annual household income, highest level of education 

completed, and race/ethnicity (0 = White, 1 = non-White). 

An indicator for rurality (<1,000 persons per square mile 

within one’s census tract) was also assessed as an additional 

neighborhood-level covariate.

Analytic plan

 To account for clustering of individuals within twin pairs 

and within census tracts, generalized mixed-effects models 

with separate random intercepts for twin pair and census 

tract of residence were used to examine associations between 

the neighborhood characteristics and the AUDIT-C score. 

Sensitivity analyses were also conducted to explore the pos-
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sibility of further within-county correlation by specifying 

an additional random intercept for county. Between-county 

variance was minimal (county-level intercept SD < .001), 

and thus we present results from models without the county 

random intercept.

 The AUDIT-C score is a nonnegative integer that dis-

played a positive skew. Thus, it was treated as a count by 

specifying a Poisson distribution. Likelihood ratio tests 

indicated that inclusion of an overdispersion term did not 

signifi cantly improve model fi t. Coeffi cients from count 

regression models are typically exponentiated to yield count 

ratios (CRs; also referred to as rate ratios) that describe the 

proportional change in the count associated with a 1-unit 

increase in the covariate (Atkins et al., 2013).

 Because of the computational challenges associated with 

a generalized model with multiple random intercepts, a 

Bayesian Markov chain Monte Carlo (MCMC) form of the 

mixed-effects model was used to estimate the CRs and the 

95% credible interval (CI) from the posterior probability dis-

tribution (Dunson, 2001; Hamra et al., 2013). Noninformative 

priors were used and we specifi ed 1,205,000 interations with 

a 5,000 sample burn-in and a thinning interval of 1,200. The 

effective sample size for each of the neighborhood covariates 

was 1,000. Gelman–Rubin diagnostic tests and visualization 

of trace plots indicated convergence of the models.

 To remove potential confounding by factors shared 

by twins, models included two separate variables for the 

neighborhood characteristics of interest: (a) the mean of 

the neighborhood factor of interest, Neii , for the two twins 

within each pair i, and (b) the individual deviation from 

the twin-pair mean, Neiij − Neii , for twin j (Carlin et al., 

2005). This within-pair deviation is the primary parameter 

of interest, as it refl ects the “effect” of the neighborhood 

characteristic not subject to genetic or shared environment 

confounding. All models included covariates for sex (0 = 

male, 1 = female), annual household income (ordinal vari-

able from 1 [<$20,000] to 8 [≥$80,000]), race, level of edu-

cation (ordinal variable from 1 [<9th grade] to 8 [graduate 
or profession degree]), and rurality (0 = urban, 1 = rural).
 Three primary models were performed and adjusted 

for the demographic covariates: Model 1 examined the 

twin-mean and individual deviation from the twin-mean of 

neighborhood deprivation covariates, Model 2 examined 

the twin-mean and deviation from the twin-mean of alcohol 

outlet density, and Model 3 included both the neighborhood 

deprivation and alcohol outlet density variables. Additional 

sensitivity analyses examined on- and off-premise outlets 

separately and different spatial scales (e.g., 1- and 2-km road 

network buffer, proximity to nearest outlet).

 Additional models examined interactions between the 

twin’s deviation from the twin-pair mean and zygosity. 

Although both MZ and DZ twin pairs control equally for 

confounding because of common childhood environment, 

DZ twin pairs only control for half of genetic confounding. 

Thus, a statistically signifi cant interaction indicating that the 

within-pair parameter for the neighborhood feature is stron-

ger for DZ compared with MZ twins would suggest genetic 

confounding.

 Analyses were conducted with R statistical software (R 

Core Team, 2012), Version 3.2.1, using the “MCMCglmm” 

package to perform the models (Hadfi eld, 2010).

Results

 Of the 2,130 same-sex pairs in the initial sample, 134 

had missing data on variables used in analyses, including 

AUDIT-C score, household income, and education. Thus, 

data from 1,996 (93.7%) twin pairs (N = 3,992 individuals) 

were used for analyses. The geographic distribution of the 

sample was representative of Washington State, with all 39 

counties represented and 52.7% coming from the 3 most 

populated counties, which is consistent with the proportion 

observed in the 2010 census (51.2%). The mean AUDIT-

C score was 2.5 (SD = 2.4; range: 0–12), the mean Singh 

neighborhood deprivation score was -.003 (SD = 0.9; range: 

-2.3–4.2), and the mean census tract density of outlets per 

square kilometer was 3.9 (SD = 11.8; range: 0–178.3). There 

was a moderate correlation between neighborhood depriva-

tion and outlet density (Spearman’s ρ = .24). The distribu-

tion of demographic characteristics is available in the online 

supplemental information.

 Table 1 shows count ratios and credible intervals for 

AUDIT-C score according to covariates. Before inclusion of 

outlet density, there was a statistically signifi cant within-pair 

association between neighborhood deprivation and hazardous 

drinking such that a 1-unit higher deviation from the twin-

pair mean was associated with an 7% increase in AUDIT-C 

score (CR = 1.066, 95% CI [1.013, 1.127]) adjusting for 

covariates (Model 1). In contrast, without inclusion of neigh-

borhood deprivation, there was no statistically signifi cant 

within-pair association between outlet density and hazard-

ous drinking (Model 2). When including both neighborhood 

characteristics in the same model (Model 3), the within-pair 

association between neighborhood deprivation and AUDIT-

C score remained statistically signifi cant, and there was 

still no signifi cant within-pair association for outlet density. 

Sensitivity analyses examining off- versus on-premise outlet 

density separately and different spatial scales also did not 

show any statistically signifi cant within-pair associations 

with hazardous drinking (data not shown).

 When examining potential modifying effects of zygosity, 

we did not observe any statistically signifi cant interactions 

with either of the neighborhood characteristics.

Discussion

 This study sought to take advantage of the twin design to 

examine the role of neighborhood factors for alcohol misuse. 
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Results showed a cross-sectional association between neigh-

borhood deprivation and hazardous drinking that was not 

attributable to genetic or shared environment confounding. 

However, there was no within-pair association between over-

all alcohol outlet density and alcohol use and misuse. This 

study thus provides further evidence suggestive of the role 

of neighborhood disadvantage in alcohol misuse (Cerdá et 

al., 2010; Karriker-Jaffe, 2011). Plausible mechanisms exist 

through which neighborhood deprivation could lead to alco-

hol misuse. For example, disadvantaged neighborhoods may 

lack material and social resources to buffer individuals from 

common psychosocial stressors and give rise to environ-

mental stressors such as crime and other forms of disorder 

because of a lack of neighborhood-level social cohesion and 

control (Sampson & Raudenbush, 2004), which may prompt 

residents to misuse alcohol to cope with stress (Boardman 

et al., 2001). Further, disadvantaged environments may have 

injunctive norms that are more acceptable of hazardous 

drinking (Scribner et al., 2000).

 This study found no within-pair association between 

outlet density and hazardous drinking. Hazardous drinking 

or disordered use may not be as sensitive to alcohol outlet 

density as other alcohol-related outcomes such as frequency 

of alcohol consumption, interpersonal violence, and drinking 

and driving (Gruenewald & Remer, 2006; Gruenewald et al., 

2014; Ponicki et al., 2013; Scribner et al., 1995). It is also 

possible that the lack of a within-pair association may be 

related to greater legal constraints on alcohol sales in Wash-

ington State compared with most other states. At the time of 

the survey, Washington regulated the number and locations 

of state-run liquor stores. More diverse outlet concentrations 

and distributions could increase variability in outlet density 

and increase the potential for detecting a within-pair associa-

tion. Further, retail establishments may be inclined to market 

to niche groups that could concentrate higher risk drinkers 

in certain areas (Gruenewald, 2007). State regulation of off-

premise outlets could hinder such processes.

 There were important limitations to this study. This 

study was cross-sectional and it was not possible to assess 

temporal ordering. Although this study accounted for po-

tential genetic infl uences and shared upbringing, there may 

have been unmeasured confounders at the individual and/

or neighborhood level during adulthood that are unique to 

each twin, beyond education and household income, that 

could have accounted for the within-pair association be-

tween neighborhood deprivation and hazardous drinking. 

The hazardous drinking measure was based on a brief three-

item scale rather than a more comprehensive instrument. 

Although studies have observed important moderation of 

associations between neighborhood disadvantage and alcohol 

outcomes by race (Karriker-Jaffe et al., 2012), this study’s 

low proportion of non-White individuals prohibited us from 

adequately examining this. Although census tracts have been 

widely used in research, these boundaries may not refl ect 

meaningful neighborhoods. Finally, the environments in 

which routine activities occur may place individuals in situ-

ations that increase the likelihood that deviant behavior, such 

as disordered drinking, could occur (Freisthler et al., 2004; 

Osgood et al., 1996). This study did not link the broader 

range of spaces and environmental characteristics that an 

individual interacts with throughout one’s regular activities, 

whether within one’s residential neighborhood or beyond.

TABLE 1. Count ratios (CRs) and their 95% credible intervals (CIs) from Bayesian Markov Chain Monte Carlo Poisson mixed models for Alcohol Use Dis-
orders Identifi cation Test–Consumption (AUDIT-C) score according to covariates

 Model 1 Model 2 Model 3

Covariate CR [95% CI] p CR [95% CI] p CR [95% CI] p

Within-pair deviation in
 neighborhood deprivation 1.066 [1.013, 1.127] .022 – – – 1.069 [1.014, 1.129] .018
Twin pair mean neighborhood
 deprivation 0.957 [0.910, 1.009] .112 – – – 0.940 [0.891, 0.993] .034
Within-pair deviation in
 outlet density – – – 1.005 [0.997, 1.015] .246 1.003 [0.994, 1.012] .606
Twin pair mean of outlet
 density – – – 1.038 [1.25, 1.052] <.001 1.040 [1.025, 1.054] <.001
Female sex 0.748 [0.678, 0.803] <.001 0.744 [0.683, 0.804] <.001 0.750 [0.692,0 .814] <.001
Non-White race 0.762 [0.685, 0.849] <.001 0.751 [0.674, 0.839] <.001 0.758 [0.681, 0.835] <.001
Household income 0.990 [0.977, 1.002] .120 0.992 [0.981, 1.003] .178 0.990 [0.979, 1.002] .116
Highest level of education 1.059 [1.040, 1.080] <.001 1.056 [1.038, 1.078] <.001 1.053 [1.036, 1.077] <.001
Rural 0.894 [0.823, 0.955] .002 0.912 [0.851, 0.976] .002 0.925 [0.856, 0.992] .046

Random effects SD [95% CI] SD [95% CI] SD [95% CI]

Census tract intercept .022 [<.001, .043]  .019 [<.001, .038]  .019 [<.001, .037]
Twin pair intercept .549 [.484, .611]  .540 [.475, .604]  .541 [.473, .598]

DIC 14,792.68 14,788.12 14,782.10

Notes: p = posterior probability of CR < 1 (if CR > 1) or > 1 (if CR < 1); DIC = deviance information criterion.
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Conclusions

 This study showed a cross-sectional association between 

neighborhood socioeconomic deprivation and hazardous 

drinking that was not due to genetic or shared environment 

factors, providing additional support for the role of neighbor-

hood contextual factors in the development of alcohol prob-

lems. Building on existing work identifying environmental 

strategies for reducing excessive drinking such as restrict-

ing hours and days of alcohol sales (Popova et al., 2009) 

and limiting price promotions (Babor et al., 1978), future 

research may be warranted to consider other macro-social 

mechanisms such as neighborhood drinking norms and col-

lective effi cacy (Ahern et al., 2008). Further, it is possible 

that associations between neighborhood deprivation and al-

cohol misuse may depend on other factors, including genetic 

susceptibility to alcohol misuse. Emerging evidence suggests 

a potential gene-by-neighborhood environment interplay for 

other health outcomes (Horn et al., 2015; Strachan et al., 

2017). Future research can capitalize on the twin design to 

investigate similar questions pertaining to alcohol use.
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