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a b s t r a c t

The aim of this paper was to examine the extent to which underage drinking clusters geographically in a
sample of communities, and to investigate the manner in which community-level contexts are related to
this process. We used data from a randomized community trial of underage drinking to provide the first
quantitative estimates of the magnitude of the geographic clustering of underage drinking based upon
pairwise odds ratios (PWORs). The Enforcing Underage Drinking Laws Randomized Community Trial pro-
vided data from repeated cross-sectional samples of youth aged 14–20 from 68 communities surveyed
in 2004, 2006, and 2007 (n = 18,730). Past 30-day drinking, binge drinking, getting drunk, experiencing
non-violent consequences as a result of drinking and making a purchase attempt all significantly clus-
tered within-communities with PWORs ranging from 1.05 to 1.21. After adjustment for individual-level
characteristics, results remained relatively unchanged. However, there was evidence that the magnitude
of the clustering varied as a function of neighborhood disadvantage, neighborhood disorder, and family

structure. Clustering of drunkenness and experiencing non-violent consequences as a result of drinking
was greatest in the least economically disadvantaged and least disordered communities with the great-
est percentage of married-couple families. The clustering of making a purchase attempt, however, was
greatest in more disordered communities, specifically the largest communities with the highest degree
of residential mobility and housing density. These findings that clustering of underage drinking behav-
iors varies by community context has the potential for identifying the types of communities to target for

ior-sp
underage drinking behav

. Introduction

Underage drinking in the United States is an increasingly rel-
vant public health issue. Although underage drinking decreased
ollowing changes in the minimum purchase age in the mid 1980s,
revalence rates remain at relatively high levels (NRC, 2004). Alco-
ol is the drug of choice among 12–20 year olds, with a higher
ercentage of youth drinking alcohol than using tobacco or illicit
rugs (SAMHSA, 2006). While less than half of youth have tried
lcohol by the time they reach 8th grade, almost two-thirds have

ried alcohol by 10th grade and almost three-fourths by 12th grade
Johnston et al., 2008). Rates of hazardous or risky patterns of drink-
ng also escalate during this developmental period. According to
he 2007 Monitoring the Future study, the percentage of youth
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ecific preventive interventions.
© 2009 Elsevier Ireland Ltd. All rights reserved.

getting drunk at least once in the past month increases from 6%
among 8th graders to 18% among 10th graders with almost a third
of youth reporting getting drunk in the past month by 12th grade
(Johnston et al., 2008). Heavy episodic or binge drinking (having
five or more drinks in a row) also increases dramatically during
adolescence with 10% of 8th graders reporting heavy episodic or
binge drinking compared to 22% of 10th graders and 26% of 12th
graders.

Adolescents face widespread individual and social conse-
quences as a result of their drinking, which may negatively impact
their successful transition from adolescence to adulthood. Alcohol
use in adolescence is associated with the four leading causes of
death within this age group: motor-vehicle crashes, other unin-
tentional injuries, homicide and suicide (CDC, 2004). Numerous
studies have found that adolescent drinkers are at increased risk

of engaging in violent and aggressive behaviors (DuRant et al.,
1997; Grunbaum et al., 1998; White et al., 1999; Swahn et al.,
2004), increased sexual activity and unsafe sexual practices (Graves
and Leigh, 1995; Leigh et al., 1995; Duncan et al., 1999; Cooper,
2002) and sexual victimization (Kreiter et al., 1999; Champion

http://www.sciencedirect.com/science/journal/03768716
http://www.elsevier.com/locate/drugalcdep
mailto:brebouss@wfubmc.edu
dx.doi.org/10.1016/j.drugalcdep.2009.07.019
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t al., 2004). Adolescent alcohol use may also have deleterious
ffects on psycho-social development. Early-onset drinking is a risk
actor for progression to illicit drug use (Kandel and Yamaguchi,
993; Wagner and Anthony, 2002; Ellickson et al., 2003), as well
s an increased risk in young adulthood of alcohol abuse and
ependence (Robins and Przybeck, 1985; Anthony and Petronis,
995; Grant et al., 2001). Moreover, alcohol use at an early age
ay have long-lasting effects on intellectual capabilities (Brown

t al., 2000) and may impede one’s ability to attain educational
nd occupational goals (Kandel and Yamaguchi, 1987; Braun et al.,
000).

Despite the proliferation of efforts over the past 10–15 years
o change the community-wide environment surrounding under-
ge drinking (Hingson et al., 1996; Perry et al., 1996; Grube, 1997;
agenaar et al., 2000), there is limited data on the degree to
hich underage drinking clusters in communities. For the pur-
oses of this paper, “clustering” refers to the tendency of the
rinking behaviors of individuals within the same geographic area
o be more alike than that of others from different geographi-
al areas. In most studies, clustering of outcomes is treated as a
design effect’ that must be accounted for in order to estimate
ariances correctly. However, clustering itself can have important
ubstantive implications in epidemiologic research. It can provide
nsights into disease transmission, etiology and risk factors oper-
ting within geographic areas that might account for the higher
r lower prevalence of disease. For example, in a recent study,
hristakis and Fowler (2007) found that obesity clustered within
ocial networks and was not attributable to the selective forma-
ion of social ties among obese persons but rather the spread of
egative health behaviors. This finding highlighted the need to
pproach obesity as a public health problem and to design inter-
entions focused on spreading positive health behaviors through
ocial networks. Investigators studying the epidemiology of drug
se have also recognized its geographic clustering. In the early
970s, researchers cited evidence of clustering of opiate and
eroin use in communities (Hughes et al., 1971; Greene and
uPont, 1974). The identification of this clustering allowed for the

mplementation of intensive outreach and treatment programs in
argeted communities. Clustering was also shown to contribute
o the cocaine and crack-cocaine epidemics of the late 1980s
nd early 1990s (e.g. Dunlap and Johnson, 1992). More recently,
esearchers have demonstrated that cocaine use (Petronis and
nthony, 2000, 2003) and marijuana use (Bobashev and Anthony,
000) clusters within US neighborhoods and cities while others
ave found evidence of clustering of inhalant use in Panama (Delva
t al., 2000) and marijuana use in New Zealand (Wells et al.,
008).

Considerable research has demonstrated associations between
haracteristics of communities and adolescent problems, such as
elinquent behavior, criminal activity, teen parenthood, and early
chool leaving (see Leventhal and Brooks-Gunn, 2000 for a com-
rehensive review). However, the community environment has
een relatively understudied in the context of adolescent sub-
tance use, and findings are mixed. For example, Brook et al.
1989) found that adolescents from less socially cohesive neigh-
orhoods reported more drug involvement than adolescents from
ore cohesive neighborhoods. More recently, Wilson et al. (2005)

ound that perceptions of neighborhood disorder were associated
ith adolescent alcohol use. Similarly, Crum et al. (1996) found

hat neighborhood disadvantage was associated with an increased
pportunity to use cocaine, tobacco and alcohol. Duncan et al.

2002) reported that more stores sold alcohol in higher poverty
eighborhoods, thereby increasing opportunities to use alcohol.
arvonen and Rimpela (1997) found that prolonged area unem-
loyment was associated with an increased risk of developing
heavy drinking pattern among boys. In contrast, Ennett et al.
l Dependence 106 (2010) 38–47 39

(1997) found that population density and high residential mobility
were associated with less cigarette and alcohol use, respectively,
among elementary students. More recently, Trim and Chassin
(2008) found that higher neighborhood socioeconomic status (SES)
was associated with increased rates of alcohol use and conse-
quences among a subgroup of children who were not children of
alcoholics. Similarly, Chuang et al. (2005) reported that living in a
high SES neighborhood was associated with increased risk of ado-
lescent cigarette and alcohol use. Our research group found that
while higher employment rates were associated with a decreased
risk of underage drinking, higher median household income was
associated with an increased risk (Song et al., 2009). However,
in the study by Allison et al. (1999), no association was found
between neighborhood factors and adolescent drug and alcohol
use.

Whereas the aforementioned studies examined whether geo-
graphically defined contexts (e.g. neighborhood disadvantage)
were associated with an increased risk of substance use, in this
paper we examine whether community-level characteristics are
related to the geographic clustering of substance use. In partic-
ular, we address three research questions. First, does underage
drinking cluster geographically? Because research suggests that
individuals from the same socioeconomic status tend to clus-
ter their residences in like neighborhoods (Jencks and Mayer,
1990; Coulton et al., 1996), it will be important to examine
whether any observed clustering can be explained by the char-
acteristics of the individuals who live in the community. Hence,
our second research question will determine whether clustering
is an artifact of the composition of the community. Finally, we
will examine whether the magnitude of the clustering is asso-
ciated with community-level characteristics (e.g. neighborhood
disadvantage) after adjustment for individual-level characteris-
tics. This may provide evidence as to whether community-level
factors, such as neighborhood disadvantage, add collective or
environmental disadvantage to the individual disadvantage of
residents (Massey, 1996; Wilson, 1996). In particular, we will
examine whether neighborhood SES impacts underage drinking
over and above the impact of personal socioeconomic char-
acteristics that may limit residential options (Coulton et al.,
2007).

We will use data from a randomized community trial of under-
age drinking to provide the first quantitative estimates of the
magnitude of the geographic clustering of underage drinking.
Estimates will be obtained by applying the alternating logis-
tic regression (ALR) approach used by others to estimate the
geographic clustering of cocaine, marijuana and inhalant use in
neighborhoods and cities (Bobashev and Anthony, 2000; Delva
et al., 2000; Petronis and Anthony, 2000, 2003). ALR is a statis-
tical method that uses pairwise odds ratios (PWOR) to estimate
the association between binary responses from individuals resid-
ing in the same geographical area and for modeling the influence
of geographic characteristics on the magnitude of this cluster-
ing (Carey et al., 1993). ALR is an innovative approach that has
only recently been applied to drug use and has not been applied
to the study of underage drinking. It allows flexible modeling
of the pattern of clustering (PWOR model) while simultaneously
modeling the marginal probability of response (mean model).
Modeling the pattern of clustering with and without covariate
adjustment in the mean model can help identify individual-
level risk factors that might mitigate or explain the magnitude
of clustering while the separate model for the PWORs can be

used to estimate the level of clustering as a function of cluster-
level characteristics (e.g. neighborhood disadvantage). Both of
these aspects of ALR can help target prevention and inter-
vention strategies based on individual and environmental risk
factors.
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. Methods

.1. Population and sample

The Enforcing Underage Drinking Laws (EUDL) Program is a
ational initiative, funded by the United States Office of Juvenile

ustice and Delinquency Prevention (OJJDP), intended to increase
nforcement of underage drinking laws and reduce underage
rinking. Each year since 1998, each of the 50 states was awarded
block grant to support and enhance state and local efforts

o prohibit the sale and consumption of alcoholic beverages to
nd by minors. In addition, each year since the program began
iscretionary grants were awarded on a competitive basis to a
ubset of the states to expand the number of communities tak-
ng a comprehensive approach to prevention of underage drinking.
tates were free to establish criteria for deciding which commu-
ities would receive funding in their state under the discretionary
rant program. The national evaluation, also funded by OJJDP, was
esigned to compare a sample of communities from states receiv-

ng discretionary grants with matched comparison communities
ot receiving such intense interventions.

The Enforcing Underage Drinking Laws Randomized Commu-
ity Trial (EUDL-CT) was funded under the FY 2003 appropriation.
tates responding to a solicitation for the EUDL-CT were required to
rovide a list of 14–28 cities/towns that were interested in, and eli-
ible for, participation in the EUDL-CT should the state be funded.
ligibility requirements included: (1) being an incorporated city or
own with population between 25,000 and 200,000, and (2) not
aving engaged in high levels of certain programmatic activities
o reduce underage drinking in the two years preceding the date
f the solicitation (OJJDP, 2003). Based on their proposals, 5 states
ere funded to participate in the EUDL-CT: California, Connecticut,

lorida, Missouri, and New York (Wolfson et al., 2005). Using Maha-
anobis’s Distance (D’Agostino, 1998), communities within each
tate were matched based on population, median family income,
nd the percentages of the population that were Black, Hispanic,
poke Spanish, and were currently in college. Following creation
f pairs, a random number generator was employed to assign
ommunities to either the intervention or comparison condition.
his process resulted in good balance on a variety of community-
evel characteristics (Wolfson et al., 2005). Thirty-four intervention
ommunities were funded to participate in the EUDL-CT and 34
atched comparison communities.
Date used in the analyses presented below are from a repeated

ross-sectional telephone survey of 14–20 year olds conducted
n 2004, 2006 and 2007 as part of the national evaluation of the
UDL-CT. The survey included questions on underage alcohol use
nd consequences, perceived availability of alcohol to youth, and
ources of alcohol. The target sample size for each repeated cross-
ection was 100 youth per community in 68 communities (34
ntervention and 34 matched comparison communities). In select-
ng the sample, an age-targeted list sample was drawn in each of
he intervention and comparison communities. The survey sam-
le for each community was randomly selected from a sample of
elephone numbers provided by two commercial firms. When a
ousehold was contacted, the informant was asked if there was
nyone living in the household who was aged 14–20. If no one in
he targeted age range lived at that number, the household was
lassified as ineligible. If more than one person age 14–20 lived
n the household, a respondent was randomly selected using the
ext birthday method of respondent selection. All protocols for

he study were approved by the Wake Forest University School
f Medicine Institutional Review Board and verbal informed con-
ent was obtained by the interviewers prior to proceeding with
he survey. The survey took an average of 20 min to complete and
articipants were not compensated. A total of 18,730 youths from
l Dependence 106 (2010) 38–47

68 communities from five states in the US completed (or partially
completed) the telephone survey. Starting in 2004, 6958 youth
ages 14–20 completed the survey, reaching the target of 100 inter-
views or more in 75% of the 68 study communities. The remaining
communities had between 65 and 95 participants. The second and
third repeated cross-sectional samples in the same 68 communities
resulted in sample sizes of 6133 and 5639, reaching the target of
100 interviews or more in 50% and 30% of the communities, respec-
tively, in 2006 and 2007. The remaining communities had between
30 and 97 participants. The response rates for the survey were 48%,
41% and 34%, respectively, in 2004, 2006 and 2007.

2.2. Measures

The geographic clustering of underage drinking in the EUDL-CT
communities will be examined based on yes/no responses con-
structed from the following survey questions:

(1) Current drinker. “When was the last time you drank any alco-
hol?” A response of “Sometime in the last 7 days” or “Sometime
in the last 30 days” classified an adolescent as a current drinker.
Alcohol included any beer, wine coolers, wine, liquor, and
mixed drinks. Drinking alcohol meant drinking more than a
single sip at any one occasion.

(2) Heavy episodic or binge drinking. “Think back over the last two
weeks. How many times have you had five or more drinks in a
row? A drink is a glass of wine, a bottle of beer, a shot glass
of liquor, a mixed drink or wine cooler.” Respondents who
reported binge drinking one or more times in the past two
weeks were contrasted with respondents who did not report
binge drinking in the past two weeks.

(3) Drunkenness. “Over the past 12 months, on how many days have
you gotten drunk or “very, very high” on alcohol? Would you
say . . . every day or almost every day, 3 to 5 days a week, 1 or
2 days a week, 2 or 3 days a month, once a month or less, 1 or 2
days in the past 12 months, never.” Respondents who reported
getting drunk at least once a month were contrasted with all
others.

(4) Non-violent consequences. Respondents were asked “Have you
had any of the following experiences after you had been drink-
ing?” These included being cited or arrested for drinking,
possessing, or trying to buy alcohol; being cited or arrested
for driving under the influence of alcohol; missing any school
due to drinking; being warned by a friend about your drinking;
passing out; being unable to remember what happened while
drinking; breaking or damaging something; having a headache
or hangover; being punished by a parent or guardian; having
sex without using a condom; and being involved in a motor-
vehicle crash. Respondents who reported at least one of these
consequences during the past year were contrasted with all
others.

(5) Purchase attempt. “In the last 30 days, how many times did you
try to buy alcohol from a bar, restaurant, or store (whether you
were successful or not)?” Respondents who reported attempt-
ing to purchase alcohol at least once during the past month
were contrasted to all others.

If communities differ in terms of their composition with respect
to factors associated with underage drinking, it is possible that our
estimates of geographical clustering could be artifacts of these dif-
ferences. For this reason, several individual-level characteristics of

the participants, some of which most certainly mark varying levels
of vulnerability, predisposition, or risk of underage drinking were
incorporated into the models in an effort to examine whether their
statistical adjustment might attenuate the estimates of geographi-
cal clustering. We concentrated our analyses on the well-measured
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Table 1
Community-level variables and definitions: 2000 US Census City/Town Level Data.

Variables Census definitions

Neighborhood disadvantage
Median household income Median household income ($)
Poverty Below poverty level (%)
College education Bachelor’s degree or higher (%)
Employment Employed civilian population 16 years and

over (%)
Housing tenure Renter-occupied housing units (%)

Neighborhood disorder
Vacant housing units Vacant housing units (%)
Crimea Number of violent crimes divided by

population
Housing density Housing density per square mile of land area
Population size Total population
Mobility Lived in a different county in the US in 1995 (%)

Family structure
Married-couple family Married-couple family (%)
Grandparents as caregivers Grandparents responsible for grandchildren (%)
Female head of household Female householder, no husband present (%)
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Table 2
Basic 2 × 2 table for estimation of a pairwise odds ratio (PWOR) without covariates
using alternating logistic regression (ALR).

1st youth in the pair 2nd youth in the pair
Racial composition
White Caucasian (%)
Foreign born Foreign born (%)

a Data from 2003 FBI Uniform Crime Reports.

ocio-demographic characteristics of age, gender, race, and fam-
ly structure found in our previous studies to be associated with
nderage drinking (Reboussin et al., 2005; Song et al., 2009). Age
easured in years was categorized as 14–15, 16–18, and 19–20 year

lds. Race compared Whites and non-Whites (including Hispan-
cs). Family structure was measured by responses to two questions
living with mother or female guardian and living with father or

ale guardian) and grouped as living with mother/female guardian
nd father/male guardian compared to living with mother/female
uardian only or father/male guardian only. Hence, this variable
ompares youth living in a single-parent/guardian household to
hose living in a two-parent/guardian household. We also included

other’s educational attainment, in particular having a college-
egree, as a measure of socioeconomic status due to recent focused

nterest in this reasonably well-measured characteristic (Crum et
l., 2005, 2006).

In the analyses presented below, we examine whether the
agnitude of the clustering of underage drinking depends on

ommunity-level environmental contexts. We defined “commu-
ity” in this study as the city or town participating in the EUDL
ommunity Trial (EUDL-CT). Based on prior work by our research
roup and others on the association between community charac-
eristics and substance use (Allison et al., 1999; Duncan et al., 2002;
huang et al., 2005; Song et al., 2009), we consider four groups of
ommunity-level characteristics: (1) neighborhood disadvantage,
2) neighborhood disorder, (3) family structure and (4) racial com-
osition. The specific variables comprising these four groups and
heir definitions are listed in Table 1. Data were obtained from the
000 U.S. Census Summary Files 1 and 3 using American Factfinder
t http://factfinder.census.gov. Census data were extracted for all
8 communities. The 2000 US Census and EUDL-CT telephone
urvey data were merged using city and state Federal Informa-
ion Processing Standards (FIPS) codes. Crime data were obtained
rom the 2003 Federal Bureau of Investigation (FBI) Uniform Crime
eports Table 8 available at http://www.fbi.gov/ucr/03cius.htm. All
ommunity-level characteristics were divided into quartiles based
n percentiles of the distribution of the 68 study communities.
.3. Statistical analyses

The clustering of past 30-day drinking, heavy episodic or binge
rinking, drunkenness, non-violent consequences as a result of
Yes No

Yes a b/2
No b/2 c

drinking and making a purchase attempt was estimated within-
communities using the alternating logistic regression (ALR) method
developed by Carey et al. (1993) and implemented by other
researchers (e.g. Katz et al., 1993; Bobashev and Anthony, 2000;
Delva et al., 2000; Petronis and Anthony, 2000, 2003; Preisser et
al., 2003; Wells et al., 2008). Pairwise odds ratios (PWOR) esti-
mated from ALR yield an interpretable statistical index that reflects
how strongly underage drinking occurs in clusters (e.g. within-
communities). If we take the outcome of past 30-day drinking, for
example, we can estimate a within-community PWOR that is inter-
preted as the odds of past 30-day drinking for a youth given that
another randomly chosen youth residing in the same community
is a past 30-day drinker relative to the odds if that randomly cho-
sen youth is not a past 30-day drinker. In other words, these odds
ratios represent the excess odds of reporting underage drinking for
a youth in a community where another randomly selected youth
from the same community also reports underage drinking relative
to the odds if the randomly selected youth does not report underage
drinking.

We began by estimating the observed within-community
clustering for each outcome in a model without adjusting for
individual-level covariates. In this case, the PWOR can be calcu-
lated from a 2 × 2 table containing all possible pairs of youth from
the same community as shown in Table 2 (Katz et al., 1993). The
cells of the table refer to pairs of youth with respect to the outcome
of interest. Pairs of youth concordant on the outcome are counted
in cells a and c. Since we do not distinguish between youth, the
number of discordant pairs (outcome ‘yes’ for exactly one youth) is
evenly divided in the table. The PWOR is calculated like an ordinary
odds ratio PWOR = a × c/(b/2)2, where a is the number of pairs with
both youth reporting yes, c is the number of pairs with both youth
reporting no, and b is the number of pairs with exactly one youth
reporting yes. Consistent with odds ratios from logistic regression
analysis, the PWOR takes a value of 1.0 when there is no cluster-
ing of the outcome of interest. If the PWOR is greater than 1.0 then
the past 30-day drinking of one youth is statistically dependent
upon the past 30-day drinking of another randomly chosen youth
residing in the same community, over and above the expectation
based upon randomly paired selections of youth without respect to
communities.

We then conducted an alternating logistic regression for each
outcome that estimated the PWORs while simultaneously mod-
eling the outcome (e.g. past 30-day drinking) as a function
of individual-level covariates. In particular, we simultaneously
adjusted for an individual’s age, gender, race, mother’s education
and family structure in these models. The model, referred to as the
mean model, is given by

Logit P(Yij = 1) = ˇ0 +
∑

ˇlXl (1)

where Yij takes a value of 1 if youth j in community i is a past
30-day drinker and 0 else and Xjl are individual-level covariates

l associated with past 30-day drinking. The parameter ˇl is the
log odds ratio for the odds of past 30-day drinking associated
with the lth individual-level covariate. ALR alternates between two
steps: (1) estimation of the logistic regression parameters for the
individual-level covariates in the mean model via a set of first-

http://factfinder.census.gov/
http://www.fbi.gov/ucr/03cius.htm
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Table 3
Clustering of underage drinking behaviors within-communities as estimated by alternating logistic regression (ALR) with and without
adjustment for individual-level covariates (N = 18,730).

Unadjusted PWORa (95%CI) Adjusted PWORb (95%CI)

Past 30 day drinking 1.08 (1.04, 1.11) 1.10 (1.06, 1.14)
Heavy episodic or binge drinking 1.08 (1.04, 1.12) 1.08 (1.04, 1.12)
Drunkenness 1.08 (1.05, 1.12) 1.09 (1.05, 1.14)
Non-violent consequences 1.05 (1.03, 1.07) 1.06 (1.03, 1.08)
Purchase attempt 1.21 (1.12, 1.30) 1.27 (1.15, 1.40)
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a Results from ALR without adjustment for individual-level cova
b Results from ALR with adjustment for individual-level covaria

household.

rder generalized estimating equations, and (2) an offset logistic
egression for estimation of the PWORs (see Carey et al., 1993 for
stimation details). The inclusion of covariates in the mean model in
1) that describe youth and are associated with past 30-day drink-
ng will increase or decrease the PWOR depending on the direction
f the correlation of the covariate within-communities (Katz et al.,
993). The impact of adding covariates will be gauged by compar-

ng the adjusted and unadjusted PWORs. The model in (1) can be
nterpreted as adjusting the PWOR for the composition of commu-
ities with respect to the individual-level covariates (Petronis and
nthony, 2003).

To address the question of whether underage drinking clusters
ithin-communities as a function of community-level characteris-

ics, we then modeled the PWOR using a log odds ratio regression
odel given by

og PWOR (Yijk, Yilm) = ˛0 +
∑

˛k Zijklm, j /= l (2)

here Yijk = 1 if the jth youth in the ith community of type k
eports past 30-day drinking, Yilm is the corresponding response
or the lth youth in the ith community of type m and Zijklm = 1
f k = m (that is, youth j and l reside in the same community of
ype k). If follows that exp(˛0) is the PWOR for the reference type
ommunity and exp(˛0 + ˛k) is the PWOR within-community of
ype k. We defined community types by membership in a specific
uartile representing level of neighborhood disadvantage, level of
eighborhood disorder, type of family structure, and racial com-
osition. Each community-level characteristic is considered in a
eparate PWOR model; referred to as a contextual PWOR model.
s described above, the contextual PWOR model is fit simultane-
usly with the model in (1) which adjusts for an individual’s age,
ender, race, mother’s education and family structure. Wald tests
ere computed to test the equality of the pairwise odds ratios in the

ontextual PWOR model. All models were fit using SAS PROC GEN-
OD with the LOGOR option on the REPEATED statement (Preisser

t al., 2003).

. Results

In our sample of 18,730 youth from 68 communities, half were
emale and the majority were white (79.0%). Approximately 36% of
he youth were 14–15 years old, 53% were 16–18 years old, and 11%
ere 19–20 years old. More than half of the youth had a mother
ith a college education (57%) and 18% came from single-parent
ouseholds. Almost a third of the sample reported drinking during
he past 30 days and 28% reported experiencing a non-violent con-
equence during the past year as a result of drinking. More risky

rinking patterns such as heavy episodic or binge drinking during
he past two weeks and drunkenness at least once a month during
he past year were reported by 11% and 24% of the sample, respec-
ively. Approximately 6% reported making a purchase attempt at
east once during the past month.
.
nder, race, age, mother’s education and living in a single-parent

Underage drinking clusters within-communities as shown by
the estimated PWORs and their 95% confidence intervals in Table 3.
For each outcome, all of the PWORs are greater than unity ignor-
ing the characteristics of the individuals living in the communities.
Past 30-day drinking, binge drinking, getting drunk, experiencing
non-violent consequences as a result of drinking and making a pur-
chase attempt all significantly clustered within-communities. The
PWORs were approximately 1.05 for non-violent consequences as
a result of drinking, 1.08 for past 30-day drinking, heavy episodic
or binge drinking, and getting drunk and 1.21 for making an alco-
hol purchase attempt. This means, for example, that the odds that
a youth makes an alcohol purchase attempt is 21% greater if a ran-
domly selected youth from the same community makes a purchase
attempt relative to the odds if that youth does not make an alcohol
purchase attempt. After adjustment for individual-level character-
istics, including age, gender, race, mother’s education and family
structure, the results remained relatively unchanged. This finding
suggests that within-community clustering of underage drinking
behaviors is not an artifact of the composition of communities with
respect to individual-level characteristics.

The contextual PWOR model presented in (2) was then fit
to the data for each community-level characteristic described
in Table 1 to examine whether they impact the magnitude
of clustering while simultaneously adjusting for individual-level
characteristics of age, gender, race, mother’s education and fam-
ily structure in (1). The PWORs were allowed to depend on the
quartile of the community-level characteristics measuring neigh-
borhood disadvantage, neighborhood disorder, family structure
and racial composition. With regard to neighborhood disad-
vantage (Table 4), clustering of drunkenness and non-violent
consequences was greatest in communities with the highest
median household income (PWOR = 1.22; 95%CI = 1.10, 1.34 and
PWOR = 1.17; 95%CI = 1.10, 1.24, respectively), fewest households
living in poverty (PWOR = 1.21; 95%CI = 1.09, 1.33 and PWOR = 1.13;
95%CI = 1.07, 1.21, respectively), and greatest percentage of
college-educated individuals (PWOR = 1.15; 95%CI = 1.03, 1.28 and
PWOR = 1.11; 95%CI = 1.05, 1.18, respectively). Clustering was non-
significant or only marginally significant for the other levels
(quartiles) of neighborhood disadvantage. There was some evi-
dence of a gradient in clustering of reported drunkenness as the
percent of renters in the community decreased; the PWOR for com-
munities with the fewest renters was 1.16 (95%CI = 1.07, 1.25) and
the PWOR for communities with the greatest percentage of renters
was 1.03 (95%CI = 1.01, 1.06). Clustering of past 30-day drinking
increased with the percentage of the community that was college
educated (PWOR = 1.21; 95%CI = 1.07, 1.36 for the most college edu-
cated and PWOR = 1.02; 95%CI = 1.00, 1.04 for the least percentage
of college-educated individuals) but was not associated with other

indicators of neighborhood disadvantage. Both clustering of heavy
episodic or binge drinking and making an alcohol purchase attempt
were not associated with levels of neighborhood disadvantage.

There was also evidence that the magnitude of the cluster-
ing of drunkenness and non-violent consequences was related
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Table 4
Estimated PWORs by level of neighborhood disadvantage as estimated by alternating logistic regression (ALR) with adjustment for individual-level covariates.

Past 30-day drinking Heavy episodic or
binge drinking

Drunkenness Non-violent
consequences

Alcohol purchase
attempt

Overall p-valuea

PWOR (95%CI)
Overall p-value
PWOR (95%CI)

Overall p-value
PWOR (95%CI)

Overall p-value
PWOR (95%CI)

Overall p-value
PWOR (95%CI)

Median income ($) p = 0.0711 p = 0.3947 p = 0.0043a p = 0.0002a p = 0.7306
1st quartile 1.06 (1.01, 1.11) 1.06 (1.00, 1.12) 1.06 (1.02, 1.10) 1.01 (1.00, 1.03) 1.22 (1.09, 1.37)
2nd quartile 1.04 (1.00, 1.08) 1.05 (1.00, 1.10) 1.02 (0.99, 1.05) 1.01 (1.00, 1.03) 1.33 (0.97, 1.81)
3rd quartile 1.11 (1.03, 1.21) 1.07 (1.00, 1.15) 1.06 (0.97, 1.16) 1.03 (0.99, 1.07) 1.19 (1.06, 1.34)
4th quartile 1.17 (1.07, 1.30) 1.13 (1.05, 1.22) 1.22 (1.10, 1.34) 1.17 (1.10, 1.24) 1.29 (1.12, 1.48)

Poverty (%) p = 0.2633 p = 0.8597 p = 0.0366a p = 0.0025a p = 0.1377
1st quartile 1.14 (1.04, 1.24) 1.11 (1.03, 1.19) 1.21 (1.09, 1.33) 1.13 (1.07, 1.21) 1.33 (1.14, 1.55)
2nd quartile 1.10 (1.02, 1.19) 1.07 (1.00, 1.14) 1.06 (0.97, 1.15) 1.04 (1.00, 1.07) 1.12 (1.03, 1.23)
3rd quartile 1.11 (1.03, 1.20) 1.07 (1.01, 1.14) 1.04 (1.01, 1.08) 1.04 (1.00, 1.07) 1.18 (1.03, 1.34)
4th quartile 1.05 (0.99, 1.10) 1.07 (1.00, 1.14) 1.04 (1.00, 1.08) 1.01 (1.00, 1.03) 1.37 (1.04, 1.80)

College education (%) p = 0.0051a p = 0.1735 p = 0.0491a p = 0.0176a p = 0.2811
1st quartile 1.02 (1.00, 1.04) 1.03 (0.98, 1.07) 1.01 (0.99, 1.04) 1.01 (0.99, 1.02) 1.11 (0.98, 1.26)
2nd quartile 1.08 (1.03, 1.14) 1.08 (1.01, 1.14) 1.04 (1.00, 1.08) 1.02 (1.00, 1.04) 1.42 (1.00, 2.02)
3rd quartile 1.06 (1.02, 1.10) 1.07 (0.98, 1.16) 1.06 (1.01, 1.11) 1.02 (0.99, 1.06) 1.29 (1.13, 1.48)
4th quartile 1.21 (1.07, 1.36) 1.14 (1.04, 1.24) 1.15 (1.03, 1.28) 1.11 (1.05, 1.18) 1.16 (1.06, 1.28)

Employment (%) p = 0.5694 p = 0.9136 p = 0.3570 p = 0.0861 p = 0.8086
1st quartile 1.06 (1.01, 1.11) 1.09 (1.02, 1.17) 1.06 (1.02, 1.11) 1.03 (1.01, 1.05) 1.36 (1.05, 1.78)
2nd quartile 1.13 (1.02, 1.24) 1.07 (1.00, 1.15) 1.11 (1.01, 1.23) 1.06 (1.01, 1.11) 1.24 (1.05, 1.47)
3rd quartile 1.12 (1.03, 1.22) 1.07 (1.00, 1.15) 1.14 (1.04, 1.26) 1.10 (1.04, 1.18) 1.19 (1.02, 1.39)
4th quartile 1.09 (1.03, 1.15) 1.10 (1.03, 1.18) 1.05 (1.01, 1.10) 1.04 (1.01, 1.06) 1.28 (1.15, 1.43)

Housing tenure (%) p = 0.5472 p = 0.5775 p = 0.0458a p = 0.1097 p = 0.1755
1st quartile 1.15 (1.07, 1.25) 1.12 (1.05, 1.20) 1.16 (1.07, 1.25) 1.10 (1.05, 1.16) 1.29 (1.12, 1.47)
2nd quartile 1.09 (1.01, 1.18) 1.06 (0.99, 1.14) 1.09 (0.98, 1.21) 1.05 (1.00, 1.11) 1.22 (1.00, 1.48)

1.0
1.0

d disa

t
t
w
9

T
E

3rd quartile 1.07 (1.02, 1.13) 1.06 (1.00, 1.12)
4th quartile 1.07 (0.99, 1.16) 1.06 (1.00, 1.13)

a Overall test of any difference in PWORs between varying levels of neighborhoo
o the level of neighborhood disorder as seen in Table 5. Clus-
ering of reported drunkenness and non-violent consequences
as greatest in communities with the least crime (PWOR = 1.26;

5%CI = 1.12, 1.43 and PWOR = 1.16; 95%CI = 1.07, 1.25, respec-

able 5
stimated PWORs by level of neighborhood disorder as estimated by alternating logistic

Past 30-day drinking Heavy episodic or
binge drinking

D

Overall p-valuea

PWOR (95%CI)
Overall p-value
PWOR (95%CI)

O
P

Vacant housing units (%) p = 0.1652 p = 0.4707 p
1st quartile 1.18 (1.07, 1.31) 1.08 (1.01, 1.17) 1
2nd quartile 1.08 (1.04, 1.11) 1.09 (1.03, 1.16) 1
3rd quartile 1.09 (1.00, 1.20) 1.10 (1.01, 1.20) 1
4th quartile 1.04 (1.00, 1.10) 1.04 (1.00, 1.09) 1

Crime p = 0.0488a p = 0.2236 p
1st quartile 1.19 (1.05, 1.34) 1.15 (1.05, 1.26) 1
2nd quartile 1.08 (1.03, 1.13) 1.05 (1.00, 1.09) 1
3rd quartile 1.12 (1.01, 1.24) 1.04 (1.00, 1.08) 1
4th quartile 1.03 (0.99, 1.07) 1.07 (1.00, 1.15) 1

Population size p = 0.6434 p = 0.4625 p
1st quartile 1.17 (1.04, 1.31) 1.13 (1.02, 1.25) 1
2nd quartile 1.08 (1.02, 1.13) 1.08 (1.02, 1.15) 1
3rd quartile 1.08 (1.02, 1.14) 1.04 (0.98, 1.10) 1
4th quartile 1.09 (1.02, 1.17) 1.07 (1.02, 1.12) 1

Housing density p = 0.7447 p = 0.2032 p
1st quartile 1.13 (1.04, 1.23) 1.13 (1.05, 1.21) 1
2nd quartile 1.11 (1.02, 1.20) 1.08 (1.00, 1.17) 1
3rd quartile 1.08 (1.03, 1.12) 1.03 (0.98, 1.08) 1
4th quartile 1.08 (0.99, 1.17) 1.06 (1.00, 1.11) 1

Residential mobility (%) p = 0.0895 p = 0.8560 p
1st quartile 1.13 (1.02, 1.24) 1.11 (1.02, 1.20) 1
2nd quartile 1.14 (1.04, 1.25) 1.07 (1.00, 1.15) 1
3rd quartile 1.09 (1.03, 1.15) 1.06 (1.00, 1.13) 1
4th quartile 1.04 (1.01, 1.07) 1.08 (1.02, 1.13) 1

a Overall test of any difference in PWORs between varying levels of neighborhood diso
7 (1.02, 1.12) 1.03 (1.01, 1.06) 1.11 (1.00, 1.23)
3 (1.01, 1.06) 1.03 (1.00, 1.06) 1.41 (1.07, 1.85)

dvantage significant at the 0.05 level.
tively), the smallest population size (PWOR = 1.19; 95%CI = 1.03,
1.36 and PWOR = 1.12; 95%CI = 1.04, 1.20, respectively), and the
lowest level of housing density (PWOR = 1.18; 95%CI = 1.07, 1.30
and PWOR = 1.11; 95%CI = 1.04, 1.18, respectively). It clustered to

regression (ALR) with adjustment for individual-level covariates.

runkenness Non-violent
consequences

Alcohol purchase
attempt

verall p-value
WOR (95%CI)

Overall p-value
PWOR (95%CI)

Overall p-value
PWOR (95%CI)

= 0.3424 p = 0.0248a p = 0.0945
.15 (1.05, 1.26) 1.09 (1.04, 1.15) 1.33 (1.14, 1.56)
.06 (1.02, 1.10) 1.05 (1.02, 1.09) 1.39 (1.09, 1.79)
.11 (1.00, 1.23) 1.06 (0.99, 1.13) 1.19 (1.04, 1.35)
.06 (1.01, 1.11) 1.02 (1.00, 1.04) 1.11 (1.02, 1.21)

= 0.0206a p = 0.0023a p = 0.5254
.26 (1.12, 1.43) 1.16 (1.07, 1.25) 1.27 (1.08, 1.49)
.04 (1.00, 1.08) 1.03 (0.98, 1.08) 1.29 (1.12, 1.48)
.03 (0.99, 1.07) 1.04 (1.00, 1.08) 1.48 (1.10, 1.97)
.05 (1.01, 1.09) 1.01 (1.00, 1.03) 1.18 (1.04, 1.34)

= 0.0056a p = 0.0224a p = 0.0076a

.19 (1.03, 1.36) 1.12 (1.04, 1.20) 1.22 (1.01, 1.47)

.13 (1.05, 1.21) 1.07 (1.02, 1.12) 1.25 (1.07, 1.46)

.02 (0.99, 1.05) 1.02 (1.00, 1.04) 1.06 (0.99, 1.13)

.05 (1.02, 1.08) 1.03 (1.01, 1.06) 1.46 (1.15, 1.85)

= 0.0037a p = 0.0095a p = 0.0225a

.18 (1.07, 1.30) 1.11 (1.04, 1.18) 1.36 (1.14, 1.62)

.11 (1.02, 1.21) 1.06 (1.02, 1.10) 1.10 (1.01, 1.20)

.02 (1.00, 1.04) 1.01 (1.00, 1.03) 1.07 (0.99, 1.16)

.03 (1.00, 1.07) 1.03 (1.00, 1.07) 1.39 (1.03, 1.88)

= 0.0245a p = 0.0018a p = 0.0776
.13 (1.03, 1.23) 1.09 (1.03, 1.14) 1.17 (1.05, 1.29)
.14 (1.01, 1.29) 1.10 (1.02, 1.18) 1.31 (1.05, 1.64)
.08 (1.03, 1.13) 1.04 (1.01, 1.07) 1.31 (1.12, 1.54)
.03 (1.01, 1.05) 1.01 (1.00, 1.02) 1.54 (1.25, 1.91)

rder significant at the 0.05 level.
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Table 6
Estimated PWORs as a function of family structure and racial composition as estimated by alternating logistic regression (ALR) with adjustment for individual-level covariates.

Past 30-day drinking Heavy episodic or
binge drinking

Drunkenness Non-violent
consequences

Alcohol purchase
attempt

Overall p-valuea

PWOR (95%CI)
Overall p-value
PWOR (95%CI)

Overall p-value
PWOR (95%CI)

Overall p-value
PWOR (95%CI)

Overall p-value
PWOR (95%CI)

Married-couples (%) p = 0.3070 p = 0.2661 p = 0.0151a p = 0.0320a p = 0.7294
1st quartile 1.05 (0.99, 1.10) 1.07 (1.00, 1.15) 1.03 (0.99, 1.06) 1.02 (1.00, 1.04) 1.20 (1.09, 1.33)
2nd quartile 1.10 (1.01, 1.18) 1.08 (0.99, 1.17) 1.10 (1.01, 1.21) 1.04 (1.00, 1.08) 1.34 (0.99, 1.83)
3rd quartile 1.10 (1.02, 1.20) 1.03 (0.99, 1.08) 1.03 (1.00, 1.06) 1.04 (1.01, 1.07) 1.20 (1.05, 1.37)
4th quartile 1.14 (1.05, 1.24) 1.12 (1.04, 1.21) 1.18 (1.08, 1.30) 1.12 (1.05, 1.18) 1.30 (1.13, 1.49)

Grandparents’ caregivers (%) p = 0.1865 p = 0.0174a p = 0.0400a p = 0.0070a p = 0.5111
1st quartile 1.15 (1.04, 1.28) 1.15 (1.05, 1.25) 1.24 (1.10, 1.40) 1.16 (1.08, 1.25) 1.26 (1.08, 1.46)
2nd quartile 1.13 (1.04, 1.23) 1.11 (1.04, 1.19) 1.05 (1.01, 1.09) 1.03 (1.00, 1.07) 1.37 (1.04, 1.82)
3rd quartile 1.05 (1.00, 1.10) 1.02 (0.98, 1.06) 1.03 (0.98, 1.07) 1.02 (0.99, 1.05) 1.15 (1.04, 1.29)
4th quartile 1.06 (1.02, 1.11) 1.04 (0.99, 1.08) 1.05 (1.02, 1.08) 1.02 (1.00, 1.03) 1.27 (1.12, 1.44)

Female HH (%) p = 0.5818 p = 0.0738 p = 0.0221a p = 0.0129a p = 0.4910
1st quartile 1.12 (1.03, 1.22) 1.12 (1.04, 1.21) 1.20 (1.09, 1.33) 1.13 (1.06, 1.20) 1.25 (1.08, 1.45)
2nd quartile 1.12 (1.03, 1.22) 1.07 (0.99, 1.16) 1.08 (0.98, 1.20) 1.03 (0.99, 1.07) 1.36 (1.14, 1.62)
3rd quartile 1.10 (1.02, 1.18) 1.02 (0.99, 1.06) 1.03 (1.00, 1.06) 1.04 (1.02, 1.07) 1.18 (1.07, 1.29)
4th quartile 1.06 (1.01, 1.12) 1.11 (1.02, 1.21) 1.04 (1.00, 1.08) 1.02 (1.00, 1.04) 1.33 (1.01, 1.76)

White (%) p = 0.5984 p = 0.3181 p = 0.0600 p = 0.0784 p = 0.0729
1st quartile 1.07 (0.99, 1.16) 1.06 (1.01, 1.12) 1.04 (1.00, 1.07) 1.04 (1.01, 1.07) 1.35 (1.04, 1.74)
2nd quartile 1.08 (1.02, 1.14) 1.08 (1.00, 1.17) 1.04 (1.00, 1.08) 1.02 (1.00, 1.05) 1.08 (0.97, 1.19)
3rd quartile 1.08 (1.03, 1.12) 1.04 (1.01, 1.07) 1.12 (1.04, 1.19) 1.07 (1.03, 1.12) 1.28 (1.07, 1.52)
4th quartile 1.16 (1.05, 1.28) 1.13 (1.04, 1.22) 1.15 (1.04, 1.28) 1.09 (1.02, 1.15) 1.29 (1.12, 1.48)

Foreign born (%) p = 0.2439 p = 0.5257 p = 0.9458 p = 0.2349 p = 0.0005a

1st quartile 1.17 (1.09, 1.27) 1.05 (1.00, 1.11) 1.08 (1.03, 1.13) 1.03 (1.01, 1.05) 1.71 (1.44, 2.03)
2nd quartile 1.08 (1.01, 1.15) 1.10 (1.02, 1.19) 1.09 (1.02, 1.18) 1.05 (1.02, 1.18) 1.21 (1.06, 1.39)
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3rd quartile 1.07 (0.99, 1.16) 1.11 (1.02, 1.21
4th quartile 1.09 (1.02, 1.17) 1.05 (1.01, 1.10

a Overall test of any difference in PWORs between varying levels of family struct

much lesser extent and was sometimes non-significant for the
ther quartiles. Communities in the lowest two quartiles of residen-
ial mobility had the greatest degree of clustering of drunkenness
nd non-violent consequences. Clustering of non-violent conse-
uences also increased as the percentage of vacant housing units
ecreased (PWOR = 1.09; 95%CI = 1.04, 1.15 for the least vacant
nd PWOR = 1.02; 95%CI = 1.00, 1.04 for the greatest percentage
f vacant houses). Clustering of past 30 day drinking was great-
st in communities with the least amount of crime (PWOR = 1.19;
5%CI = 1.05, 1.34) and smallest in communities with the most
rime (PWOR = 1.03; 95%CI = 0.99, 1.07). Making an alcohol pur-
hase attempt had an interesting relationship with neighborhood
isorder in contrast to drinking behaviors and consequences. Clus-
ering of alcohol purchase attempts was greatest in communities
ith the largest population size (PWOR = 1.46; 95%CI = 1.15, 1.85)

nd communities with the lowest and highest degree of hous-
ng density (PWOR = 1.36; 95%CI = 1.14, 1.62 and PWOR = 1.39;
5%CI = 1.03, 1.88, respectively). Although only marginally signif-

cant, clustering of alcohol purchase attempts was also greatest
n communities with the highest levels of residential mobility
PWOR = 1.54; 95%CI = 1.25, 1.91 for the highest quartile).

Table 6 shows that communities with the fewest households
ith grandparents as caregivers evidenced the greatest amount

f clustering of heavy episodic or binge drinking (PWOR = 1.15;
5%CI = 1.05, 1.25), drunkenness (PWOR = 1.24; 95%CI = 1.10, 1.40)
nd non-violent consequences (PWOR = 1.16; 95%CI = 1.08, 1.25).
ommunities with the fewest female-headed households and
reatest married-couple families had the greatest clustering of
runkenness (PWOR = 1.20; 95%CI = 1.09, 1.33 and PWOR = 1.18;
5%CI = 1.08, 1.30, respectively) and non-violent consequences

PWOR = 1.13; 95%CI = 1.06, 1.20 and PWOR = 1.12; 95%CI = 1.05,
.18, respectively). Clustering of alcohol purchase attempts was not
ignificantly associated with indicators of family structure but was
reatest in communities with the lowest percentage of foreign born
ndividuals (PWOR = 1.71; 95%CI = 1.44, 2.03). There was no associ-
1.12 (1.01, 1.23) 1.10 (1.02, 1.18) 1.13 (0.99, 1.28)
1.08 (0.99, 1.17) 1.05 (1.00, 1.11) 1.33 (1.06, 1.66)

d racial composition significant at the 0.05 level.

ation between clustering of past 30-day drinking, family structure
and racial composition.

4. Discussion

This study provides the first quantitative estimates of the mag-
nitude of the geographic clustering of underage drinking based on
pairwise odds ratios. Using data from a randomized community
trial of underage drinking in 68 US communities, we found evi-
dence for geographic clustering of underage drinking within these
communities. Underage drinking and experiencing non-violent
consequences as a result of drinking co-occur within-communities
approximately 10% more often than one would expect if these
behaviors were distributed randomly across communities. Mak-
ing an alcohol purchase attempt co-occurs 20–30% more often.
After adjustment for an individual’s age, gender, race, mother’s
education and family structure, the results remained relatively
unchanged and retained statistical significance. This suggests that
within-community clustering of underage drinking behaviors is
not an artifact of the composition of communities with respect
to individual-level characteristics. Instead, there is some evidence
that the geographic clustering of underage drinking behaviors is
associated with community-level characteristics. Clustering of get-
ting drunk and experiencing non-violent consequences as a result
of drinking was greatest in the least disadvantaged and disor-
dered communities, with these behaviors co-occurring as much as
20–30% more often. In fact, these behaviors generally did not co-
occur in more disadvantaged and disordered communities more
than expected by chance.

The finding that underage drinking and its consequences clus-

ters in communities with greater socioeconomic advantage and less
disorder is consistent with some previous studies which found an
association between living in an economically advantaged commu-
nity and risk of underage drinking (Ennett et al., 1997; Chuang et al.,
2005; Trim and Chassin, 2008; Song et al., 2009). It is important to
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ecognize, however, that the community-level characteristics that
e considered such as neighborhood disadvantage and disorder

epresent structural characteristics of communities which can be
easured objectively by administrative data, or in our case, the

ensus. The question remains as to how community structure col-
ectively influences the adolescents living in these communities
ver and above the individual-level risk factors that predispose
hem to underage drinking.

Research on the geographic concentration of adolescent prob-
ems, and in particular substance use, has focused on the stressors
f living in disadvantaged neighborhoods and the lack of social
ohesion in these neighborhoods, which result in failure to mon-
tor and control youth activities (Duncan et al., 2002). There has
een little consideration of the experience of youth residing in
ore affluent and suburban neighborhoods. However, in two stud-

es by Luthar and co-workers, affluent, suburban youth were found
o report significantly higher levels of substance use compared to
ational normative samples (Luthar and D’Avanzo, 1999; Luthar
nd Becker, 2002). One potential explanation put forward by Luthar
nd co-workers for these increased risks is the academic and
xtracurricular achievement pressure that exist in more advan-
aged communities. Both parental pressure to achieve and a child’s
wn perfectionism have been shown to place children at risk for
ncreased substance use (Steinhausen and Metzke, 1998). There-
ore, in more socioeconomically advantaged communities youth

ay experience different types of stressors than youth in disad-
antaged communities, specifically achievement pressures, which
redispose them to drink alcohol. Alternatively, Chuang et al.
2005) found that high SES neighborhoods showed higher rates
f parental drinking, which was in turn associated with adoles-
ent alcohol use. Therefore, youth living in high SES communities
ay have higher levels of exposure to parental drinking (either

heir own or their friends’ parents) and more favorable norms
nd attitudes towards drinking. In addition, sociologists have
emonstrated that junior high school students from upper middle-
lass families often have little or no after-school supervision by
dults (Hochschild, 1997). Both inadequate parental monitoring
Chilcoat and Anthony, 1996) and lack of supervision after school
Richardson et al., 1993; Mulhall et al., 1996) have been shown to
e associated with increased substance use. Both of these factors
ay increase opportunities for youth within the community to use

lcohol unsupervised, either at home or at a friend’s home. In fact,
n the current study, we found an increased clustering of drink-
ng in communities with more married-couple families and fewer
randparents as caregivers. This may suggest less supervision in
arried-couple families with two-career households and greater

upervision when grandparents are the caregivers supporting the
ndings of Hochschild (1997).

It was also notable that the magnitude of the clustering of less
isky drinking, in particular, past 30-day drinking, did not depend
n as many community-level indicators as more risky drinking like
runkenness. This may reflect the possibility that more risky drink-

ng is not only influenced by a broader group of community-level
actors but is also more likely to occur in community environ-

ents such as parties or other group gatherings. In turn, these
ypes of community environments might be influenced to a greater
xtent by parental monitoring and attitudes towards drinking; the
ractices of alcohol outlets, and local law enforcement practices,
hich may vary considerably across communities (Montgomery

t al., 2006). Also of note was the lack of association between any
ommunity-level factors and clustering of binge drinking, another

isky drinking behavior. While binge drinking was not as prevalent
n our sample compared to getting drunk (11% versus 24%), in a
tudy of college students, O’Brien et al. (2006) found that getting
runk was a better indicator of risk for experiencing an injury as a
esult of drinking than was binge drinking. It is also possible that
l Dependence 106 (2010) 38–47 45

our measure of getting drunk which indicates getting drunk at least
once a month over the past year may reflect a more regular drink-
ing pattern that may be influenced by a stable characteristic of the
environment than binge drinking which could reflect a single inci-
dent of drinking over the past two weeks. The same might be said
about past 30-day drinking.

The relationship between the geographic clustering of alcohol
purchase attempts and community-level characteristics was an
interesting one. First, we should point out that the magnitude of the
clustering of alcohol purchase attempts within-communities was
the greatest among the outcomes we considered but was not asso-
ciated with any of our indicators of neighborhood disadvantage.
It was, however, significantly associated with greater population
size and housing density and marginally associated with greater
residential mobility. The clustering of alcohol purchase attempts in
more disordered communities or at least larger communities with
a less stable population may reflect greater availability and access
to alcohol as a function of the existence of more stores that sell
alcohol as well as less enforcement of the purchase laws with the
increased density of stores.

Limitations in our study should be noted. First, only five states
were funded to participate in the EUDL-CT. Therefore, our infer-
ences are only valid for the population of communities from which
we sampled. In addition, as is typical of telephone surveys, non-
whites and lower SES individuals are underrepresented in our
sample as older adolescents (i.e. 19 and 20 year olds). Although
our response rates (48%, 41%, and 34%) are less than ideal, they
are consistent with the decline in response rates all telephone sur-
veys have experienced in recent years; the median response rate
among states that conduct the Behavioral Risk Factor Surveillance
System has declined from 51.1% in 2001 to 33.4% in 2007. Although
response rates are important, and potentially have an impact on the
representativeness of the findings, the more significant question is
whether low response rates produce biased results. The evidence
to this point seems to indicate that this is not the case. Research by
Keeter et al. (2000, 2006) demonstrated that non-response does
not introduce substantial biases into the measurement of atti-
tudes, and in Groves (2006) review of this topic he concludes that
there is little empirical support for the notion that low response
rate surveys de facto produce estimates with high non-response
bias.

As mentioned earlier in Section 4, our analyses relied on the
2000 Census to measure community-level characteristics. While
providing measures of community structure, it did not directly
measure the underlying processes through which these mea-
sures may have acted to influence underage drinking. These might
have included social, cultural and physical aspects of the commu-
nity as well as social and cultural characteristics of the families
which comprise the communities. At a minimum, the census
data are crude proxies of community-specific attributes. In addi-
tion, the geographic area that we considered was determined
by the EUDL-CT study communities which comprised an area
defined as a city or town with population between 25,000 and
200,000. It is not clear, however, what geographic area is most
relevant to underage drinking and it may be difficult to define.
As Diez-Roux (1998) has discussed, an individual’s neighborhood
may be much broader than a geographically defined area of resi-
dence.

The magnitude of the within-community PWORs for under-
age drinking estimated in this study are generally smaller than
those observed by Bobashev and Anthony (1998, 2000) in a

study of the clustering of marijuana use within-neighborhoods
and those observed by Petronis and Anthony (2000, 2003) in
studies of the clustering of cocaine use within-neighborhoods
where PWORs ranged from 1.3 to 2.0. Our estimates of cluster-
ing within-communities of greatest socioeconomic advantage and
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east disorder as well as the clustering of making a purchase attempt
ere more similar to those observed by Delva et al. (2000) in a study

f clustering of alcohol consumption within-schools in Panama
here the PWOR was 1.3. Wells et al. (2008) estimated cluster-

ng of marijuana use to be 1.5 at the ‘meshblock’, or neighborhood,
evel but no clustering at the local authority level. Our estimates of

ithin-community clustering, however, were at the level of the
ity and one might expect clustering within smaller geographic
egions, e.g. neighborhood to be greater in magnitude. Finally, it
s important to note that the data we analyzed are based on youths’
elf-reports of alcohol use, which may be subject to some under-
eporting bias (Midanik, 1982; Wagenaar et al., 1993; Gruenewald
nd Johnson, 2006). It is also possible that, as described by Kandel
t al. (2006), asking adolescents questions about underage drink-
ng at home may elicit less truthful responses than asking them in
school or research setting and therefore may have resulted in an
nderestimation of the clustering of underage drinking.

A significant strength of the present study is the application of
n innovative statistical approach to study the clustering of under-
ge drinking and its relationship to contextual factors. Alternating
ogistic regression (ALR) has only recently been applied to drug use
nd has not been applied to the study of underage drinking despite
he large number of studies focused on the influence of commu-
ities and contextual factors. An advantage of the ALR approach
ver other approaches in this context is that it fits a separate model
or the association (clustering) thereby permitting direct control
ver model specification for the PWORs. This is in contrast to other
pproaches such as multilevel models, where the model for the
ssociation is implicit in the model for the mean. Separate mod-
ls for the clustering and the mean allow us greater flexibility
nd can help us to target our prevention and intervention strate-
ies to different factors or levels (individual versus community)
ore accurately. Finally, our estimates of the quantitative cluster-

ng of underage drinking are based on one of the larger randomized
ommunity trials to reduce youth alcohol use and problems. Ran-
omization of 68 communities is a significant increase in size over
ost community trials (cf. Holder et al., 1997; Perry et al., 1996;
agenaar et al., 2000). Not only did this enhance the precision of

ur estimates, but also it allowed us to simultaneously examine
ssociations at multiple levels across a broad array of contextual
actors. The findings that clustering of underage drinking varies by
ommunity-level context has the potential for identifying the types
f communities to target for underage drinking behavior-specific
reventive interventions.
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