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Abstract

Background.—Distinguishing the impacts of neighborhood income and off-premise alcohol 

outlet density on alcohol use has proven difficult, particularly given the conflation of these 

measures across neighborhood areas. We explicitly test for differential effects related to individual 

and area income and outlet densities on alcohol use and alcohol use disorders by implementing a 

stratified microecological sample.

Methods.—The East Bay Neighborhoods Study included a survey of 984 residents of 72 

microenvironments within a geographically contiguous six-city area in California and Systematic 

Social Observations of each site. The sites included 18 areas in each of four strata (high/low 

median household income and off-premise outlet density). We assessed four outcomes: 28-day 

drinking frequency, average quantity of alcohol consumed per drinking occasion, 28-day drinking 

volume, and AUDIT score. We used zero-inflated negative binomial regression with standard 

errors adjusted for site clusters to relate drinking measures to individual-level age, race/ethnicity, 

gender, marital status, education, and income, and neighborhood indicators of site strata, physical 

disorder, and physical decay. An interaction term was tested representing site-level by individual-

level income.

Results.—Living in a high-income site, regardless of off-premise alcohol outlet density, was 

associated with more frequent drinking and higher alcohol dependence/problems. Both individual- 

and site-level income were related to greater frequencies of use, but lower income drinkers in 

high-income areas drank more than comparable drinkers in low-income areas. Study participants 

living in high-density off-premise alcohol outlet sites drank less frequently but did not differ in 

terms of either AUDIT scores or heavy drinking from participants living in low-density sites.
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Conclusions.—Using a stratified microecological sampling design, we were able to directly 

assess statistical associations of off-premise outlet density and neighborhood median household 

income with patterns of drinking and alcohol use disorders. Caution should be used interpreting 

prior study findings linking off-premise outlet densities to drinking.
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INTRODUCTION

Several different aspects of neighborhood community alcohol environments have been 

linked to alcohol use (Galea et al., 2004), heavy drinking (Campbell et al., 2009; Foster et 

al., 2016), and alcohol dependence (Molina et al., 2012; Winstanley et al., 2008). However, 

signs and strengths of these relationships vary across study populations and neighborhood 

measures. Without detailed knowledge of the spatial scales and specific social mechanisms 

that relate neighborhood effects to alcohol use, it is difficult to evaluate the empirical status 

of these neighborhood effects (Hedstrom, 2006; Mair et al., 2019). One contentious issue in 

the alcohol research literature is the observation of significant positive, significant negative, 

and non-significant associations between stores that sell alcohol for consumption elsewhere 

(off-premise outlets) and alcohol use (Ahern et al., 2013; Gmel et al., 2016; Kavanagh et al., 

2011; Morrison et al., 2016; Theall et al., 2011). While social and economic theory argue 

that greater availability of alcohol should be related to more use (Single, 1988), different off-

premise density effects may be observed for three important reasons. First, relevant 

individual-level covariates related to alcohol use and related problems may not be 

adequately assessed; this is particularly problematic when these covariates are related to 

both outlet densities and use. Second, relevant neighborhood-level covariates related to use 

and problems may be overlooked. Here the greatest concern is to identify and measure social 

gradients related to alcohol use and problems (e.g., neighborhood measures of wealth and 

poverty). Third, the assessment of effects using ecological (i.e., neighborhood) samples may 

not adequately address confounding of highly correlated neighborhood conditions. Thus, 

while neighborhood income has been linked to drinking and frequencies of use (e.g., Galea 

et al., 2007) and some (but not all) studies have found alcohol use disorders (AUDs) and 

other alcohol-related problems to be linked to lower neighborhood income (Karriker‐Jaffe, 

2011), distinguishing the impacts of neighborhood income from outlet density effects on 

measures of alcohol use or problems using ecological samples will prove difficult when 

these covariates are conflated across neighborhood areas.

In general, individual-level measures of off-premise alcohol outlet densities and income are 

understood to be related to more frequent alcohol use and problem drinking (Babor et al., 

2010; Stockwell and Gruenewald, 2004). Greater outlet densities increase use by providing 

ready access to alcohol. Higher incomes encourage more use (through income effects) and 

buffer against problems related to drinking (through health benefits associated with greater 

wealth; (Hasin et al., 2007). While these impacts can be measured at the individual level, 

they are also expected and can be observed at aggregate ecological levels like cities and 

states in the US (Gruenewald et al., 2014, 1993). However, these otherwise straight-forward 
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aggregate effects are undermined by strong negative ecological correlations observed 

between aggregate measures of income, availability, and use within community 

neighborhoods. Individual alcohol use is responsive to individual income via demand 

effects, and individuals living in neighborhoods among other high-income neighbors may 

well be influenced to use more via social modeling (Caudill and Marlatt, 1975; Oostveen et 

al., 1996). In either case greater individual/community incomes are also related to lower 

neighborhood alcohol availability, as observed in urban economic models of alcohol outlet 

locations (Morrison, 2015; Morrison et al., 2015). While demand increases with income, 

high land rents in high-income residential areas exclude outlets from locating in those areas, 

thus reducing availability in a process related to the “not in my backyard”, NIMBY, 

phenomenon. That the relative strengths of these effects vary across community 

neighborhoods and are spatially structured bodes poorly for any community study that 

attempts to look at relationships between outlet densities, income, and alcohol use without 

considering this problem.

In order to disentangle and understand the separate impacts of exposure to off-premise 

alcohol outlets, individual and neighborhood incomes, and other neighborhood 

socioeconomic conditions on patterns of alcohol use and prevalence of alcohol use disorders, 

we developed a stratified microecological sample of 72 neighborhood areas within the East 

Bay region of Northern California using point-based sampling methods. Stratified by 

neighborhood off-premise outlet density and income, individual survey samples within these 

areas enabled us to explicitly test for differential effects related to individual and 

neighborhood income and outlet densities. By purposefully sampling small ecologic areas 

(i.e., those with approximately 200 residents), we were able to examine a broad range of 

exposures and risks by area while still obtaining an adequate sample. With this design in 

mind, we hypothesized that drinkers living in high vs. low off-premise outlet density 

neighborhoods would drink more often and exhibit more symptoms related to alcohol use 

disorders, while those in high vs. low income communities would drink more often but 

exhibit fewer symptoms related to alcohol use disorders.

MATERIALS AND METHODS

Setting

The East Bay Neighborhoods Study took place in a geographically contiguous six-city area 

(Oakland, Alameda, Piedmont, Berkeley, Albany, and Emeryville) in the northernmost part 

of Alameda County, California. These cities ranged from small municipalities (Piedmont) to 

large cities (Oakland), and included 510 Census block groups. This six-city area 

encompassed a wide range of characteristics in terms of off-premise outlet densities and 

median household incomes as well as race/ethnicities of residents. Data collected for this 

study included a survey of 72 microenvironments within the study area and Systematic 

Social Observations (SSO) of the 72 sites.

The 72 sites consisted of 18 areas in each of four strata: High median household income and 

low alcohol outlet density, high median household income and high alcohol outlet density, 

low median household income and low alcohol outlet density, and low median household 

income and high alcohol outlet density. To select these 72 sites, we first identified every 
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intersection that connected three or more street segments (12,123 intersections). We then 

excluded all intersections in contact with Census blocks representing less than 100 persons 

(using a 10m buffer around the intersection point) and dropped all “non-valid” streets (e.g., 

highway ramps, driveways), leaving 8,458 intersections. We stratified the remaining 

intersections by the median household income of the block group in which they were located 

(highest 50% of intersection values vs. lowest 50% of intersection values). The cutoff for 

income was $62,569 based on 2015 estimates (Geolytics, 2015). For off-premise outlet 

density, intersections with two or more off-premise alcohol outlets within 0.2 miles of the 

intersection were considered high density. This resulted in 3,672 high-income low-density, 

2,320 low-income low-density, 1,910 low-income high-density, and 556 high-income high-

density intersections. Finally, within each stratum, we randomly selected one intersection, 

dropped all others within 0.3 miles, randomly selected an intersection from the remaining 

set, dropped all intersections within 0.3 miles of that intersection, and continued until there 

were 18 intersections selected for each of the four strata. These intersections formed the 

centroids of our 72 neighborhood sites. As shown in Figure 1, the 72 sites are distributed 

throughout the study area and are geographically non-contiguous.

Participants and Procedures

East Bay Neighborhood Survey.—We obtained survey responses from 1,124 residents 

recruited from the 72 sites. “Neighborhoods” were defined by sequentially chosen street 

segments radiating from the centroid of the Census block containing the originating 

intersection of each site. We included enough street segments to identify an approximate 

minimum of 200 potential households in each site and obtained address lists and phone 

numbers for all street segments. Letters were sent to all households in each study area, 

written in both English and Spanish, informing residents of data collection approximately 

one week before potential enrollment. 12,430 records had an appended phone number and 

were dialed using a computer-assisted telephone interviewing (CATI) system. All 

households were called up to three times, with the goal of enrolling 15 residents per site. 

Scripted messages in both Spanish and English were left on the first and third attempt for 

each household, indicating the purpose of the study, survey length, payment amount, record 

number, and toll-free phone number. In order to reinforce responsiveness in 21 low-

responding sites, interviewers went door-to-door and left customized postcards that 

contained instructions for respondents to log-in and complete the web survey or to call a 

toll-free number to conduct the survey over the phone.

A total of 754 respondents completed the telephone survey and 370 respondents completed 

the web survey. The range of respondents per neighborhood was seven to twenty-six (mean 

15.6). In total, 1,124 respondents completed the survey, of whom 860 (76.5%) had at least 

one drink within the past year. Complete data were available for 984 of these survey 

respondents; the remaining 140 were missing information on a combination of the following 

variables: income (n=104), race/ethnicity (n=36), gender (n=5), marital status (n=17), 

education status (n=11), and drinking frequency (n=24).

Systematic Social Observation.—Systematic Social Observations provide a well-

validated method to collect observational data on social and physical characteristics of urban 
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areas where study participants live (Raudenbush and Sampson, 1999; Sampson and 

Raudenbush, 1999). We collected SSO data on the environmental characteristics from all 

street segments forming the central block at the centroid of each of the 72 sites. Data were 

collected for all block faces by each of two field staff members. Although the majority of 

these blocks were formed of four segments with eight block faces, many blocks were formed 

from fewer roads (a minimum of two, e.g., when a block backed onto parkland) and some 

roads had fewer faces (e.g., one in the case of one roadway faced by another). All block 

faces were assessed twice with data collected on a standard form loaded onto a digital tablet; 

assessors paid attention to the inside of the block face the first pass and the outside on the 

second pass. Field staff walked most blocks. They were unable to do so for safety reasons 

for 20 blocks in suburban/exurban areas. These blocks extended over great distances (a mile 

or more), had no sidewalks, and were assessed by car.

Measures

The primary measures of alcohol use and dependence included Alcohol Use Disorders 

Identification Test (AUDIT) score (Saunders et al., 1993), mean quantity of alcohol 

consumed per drinking occasion, drinking frequency, and total volume of alcohol consumed. 

The AUDIT is a ten-question evaluation tool developed by the World Health Organization 

that assigns a score from zero to four for each item, with a total score any number from zero 

to forty (Saunders et al., 1993). A score of eight or higher is typically associated with 

hazardous drinking, while 13+ (women) and 15+ (men) indicates alcohol dependence. We 

also used a modified AUDIT score, removing the quantity and frequency (AUDIT-C) 

questions, to represent alcohol dependence/problems specifically. Survey respondents were 

asked the number of occasions they had consumed 1 or more, 2 or more, 3 or more, 6 or 

more, and 9 or more drinks in the last 28 days (past-month drinkers) or year (past-year 

drinkers). Using a model-based graduated frequency approach (Gruenewald et al., 2003a, 

2003b), we estimated drinking patterns including the average quantity consumed per 

drinking occasion and past 28-day volume of alcohol consumed. Drinking frequency was 

measured as the number of days a respondent drank within the past year (range: 0–365), 

rescaled to frequency per 28 days.

Key demographic measures included age, race/ethnicity, gender, marital status, education, 

and income. Respondents reported their ages in years. Race/ethnicity was assessed by asking 

which groups best describe one’s family of origin, with response options including Black or 

African American, Hispanic (Latino, Mexican, Mexican-American, Chicano, or other 

Spanish), White or Caucasian, Asian or Asian-American, other, don’t know, and refused. 

This variable was recoded to Black/African American, White/Caucasian, and Other. Gender 

was measured as current gender identity, with male, female, trans male/man, trans female/

woman, gender queer/non-conforming, different identity, don’t know, and refused as 

options. We recoded this variable to male, female, and gender minority. Current marital 

status options included married, living with someone (in a marriage-like relationship), 

separated, divorced, widowed, single (never married), don’t know, and refused. The variable 

was recoded to married or living with someone in a marriage-like relationship vs. not. The 

highest level of education completed was reported as one of five categories (Did not 

complete high school, high school graduate (or GED), some college or technical schooling, 
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college or technical school graduate, graduate school, medical school or other post graduate 

education, don’t know, refused). Education was dichotomized to college or technical school 

graduate or higher vs. a lower level of education. Respondents reported annual income as 

one of eight categories (<$10,000, $10,001 to $20,000, $20,001 to $40,000, $40,001 to 

$60,000, $60,001 to $80,000, $80,001 to $100,000, $100,001 to $150,000, $150,000+). A 

continuous version of this variable, calculated as the midpoint of each category (and 

$200,000 for the highest-income category) and rescaled per $10,000 increase, was used in 

analyses.

Measures collected using SSO included physical disorder and physical decay. Physical 

disorder is a nine-item scale that captures graffiti, litter, empty beer bottles, abandoned cars, 

broken glass, and other types of neighborhood disarray (Sampson and Raudenbush, 1999). 

Physical decay is a five-item scale that describes the deterioration and abandonment of 

residential, commercial, and recreational buildings. The reliability of field staff reports of 

physical disorder and decay was good (r=0.86 and 0.80, respectively). Finally, dichotomous 

variables representing neighborhood stratification (high vs. low site income, high vs. low 

off-premise alcohol outlet density) were generated.

Data Analysis

We assessed five outcomes in separate sets of models: 28-day drinking frequency, average 

quantity of alcohol consumed per drinking occasion, 28-day drinking volume, AUDIT score, 

and modified AUDIT (alcohol dependence/problems). Each outcome is a count variable with 

a high proportion of zeros. Furthermore, distinct processes may be responsible for a zero 

count in each case. For example, a person who consumed no alcohol in the past year may be 

recovering from alcohol use disorder; conversely, someone may be a drinker who did not 

have occasion to consume any alcohol in the past year. As such, we used zero-inflated 

negative binomial regression to assess each outcome:

Yi = 0,  with probability πi,
Y i μi, α NB μi, α ,  with probability 1 − πi .

where Yi is the outcome (drinking frequency, quantity, volume, or AUDIT score), μi is the 

mean, and α is the overdispersion parameter. As respondents were recruited from 72 sites, 

standard errors were adjusted for 72 site clusters.

We estimated separate models for each of the five outcomes. Each of the five models related 

a drinking measure (frequency, quantity, volume, AUDIT score, modified AUDIT) to 

individual-level covariates for age, race/ethnicity, gender, marital status, education, and 

income, and neighborhood indicators of site strata, physical disorder, and physical decay. 

Reflecting our interest in potential interactions between individual and aggregate income 

effects, an additional interaction term was added in all models representing site-level by 

individual-level income effects and retained where p<0.05. Variables chosen as predictors of 

zero inflation were individual-level characteristics whose inclusion in the zero-inflation 

component resulted in effect estimates with p-values below 0.05 and lower model Akaike 
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information criterion (AIC) values; these included respondent age, marital status, and 

income.

RESULTS

Patterns of alcohol consumption varied across the four study site types (Table 1). 767 (78%) 

of the 984 survey respondents were past-year drinkers. The average AUDIT score was 2.8; 

6.8% of survey respondents reported AUDIT scores of 8 or greater (cutoff for harmful or 

hazardous drinking), and 1.5% had a score corresponding to alcohol dependence (13+ 

women, 15+ men). Survey respondents in the low-income low-density sites had lower 

average AUDIT scores but a higher percentage reporting hazardous drinking (8.0% vs. 5.2% 

in high-density high-income sites). Respondents typically consumed 1.4 drinks per drinking 

occasion, which did not vary significantly across site type. Individuals living in high-income 

sites drank approximately twice as frequently as those living in low-income sites, with 

individuals living in high-income low-density sites reporting the most frequent drinking (9.4 

per 28 days) and those in low-income high-density sites reporting the least frequent drinking 

(4.8 per 28 days). Differences in drinking frequency were non-significant within income 

strata. Driven by the differences in drinking frequency, individuals in high-income low-

density sites drank the greatest total volume of alcohol across 28 days (16.6 drinks vs. 13.8 

(high-income high-density), 11.1 (low-income low-density), and 10.7 (low-income high-

density)).

There were demographic differences between respondents living in the four site types, with 

the largest differences between high- and low-income sites (Table 1). High-income high-

density locations had the greatest percentage of individuals married or living with someone 

in a marriage-like relationship (59.1%), with low-income high-density reporting the lowest 

percentage (35.0%). The entire sample skewed older (mean age 53.8 years) and had a high 

level of education (72.0% college graduates; this varied from 85.7% (high-income high-

density) to 58.6% (low-income low-density)). The percentage of White and Black 

respondents varied by site income; 8.3% and 7.0% of respondents in the high-income high-

density and high-income sites identified as Black/African American vs. 33.5% and 37.3% in 

the low-income high-density and low-income low-density sites. The mean of the eight self-

reported income category medians across all site types was $86,100, with variation from 

$110,000 (high-income low-density) to $63,500 (low-income high-density). For each of 

these demographic characteristics, there were no significant differences within income strata 

(i.e., between low-income high-density and low-income low-density, as well as between 

high-income high-density and low-income low-density). Low-income high-density sites had 

the highest observed physical decay and physical disorder scores, followed by low-income 

low-density, high-income high-density, and high-income low-density sites.

As shown in Table 2, drinking frequencies were associated with a number of individual- and 

site-level covariates. Of particular interest, net of individual-level effects related to race/

ethnicity, gender, marital status, education, and income, drinking frequencies were greater in 

high-income sites but inversely related to off-premise alcohol outlet densities. At the 

individual level, White respondents drank 65% more frequently than non-White non-Black 

respondents, males 21% more frequently than females, those married or living in a marriage-
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like relationship 23% more frequently than those who were not, while those with a college 

degree or greater drank 58% more frequently than those with less education. Individual 

income was related to greater frequencies of use with these frequencies increasing 4% for 

each $10,000 of additional income in low-income areas. And, importantly, a significant 

disordinal interaction appeared between individual and site income; both individual- and 

site-level income were related to greater frequencies of use, but lower income drinkers in 

high-income areas drank far more than comparable drinkers in low-income areas (Figure 2).

Average drinking quantity exhibited different patterns than frequency of drinking (Table 2). 

Older respondents drank a smaller average quantity, while males drank 30% more drinks per 

drinking occasion than females. Similarly, older age and female gender were both associated 

with a lower total volume of alcohol consumed. For each $10,000 of additional income, 

individuals drank 2% greater volume of alcohol in 28 days. White individuals drank 66% 

greater volume than non-White non-Black respondents. There were no significant 

associations between site type or characteristics and either quantity or volume of alcohol 

consumed, nor individual- by site-level interactions.

Males had AUDIT scores 37% higher than females, while White individuals had 28% higher 

AUDIT scores (Table 2). Each additional year of age was associated with a 1.3% lower 

AUDIT score. Using a modified AUDIT score that dropped the AUDIT-C items (questions 

1–3), representing alcohol dependence and problems (rather than heavy or hazardous 

drinking), younger age and White race were no longer statistically significantly associated 

with a higher AUDIT score, while gender minority status, high site income, and higher 

neighborhood physical decay were associated with higher scores.

The zero inflation component of the models showed that individuals with higher incomes 

were less likely to have a certain zero AUDIT score, volume, and quantity of alcohol 

consumed, which means that those with higher incomes are more likely to have consumed 

alcohol in the past 12 months and/or injuring/been injured by alcohol or having had a friend, 

relative, or health worker been concerned about drinking in their lifetime (AUDIT), as well 

as consumed a non-zero volume of alcohol in the past 28 days. Conversely, individuals who 

were married/in a marriage-like relationship were more likely to have a predicted certain 

zero AUDIT score, volume, and quantity of alcohol consumed. Older individuals were more 

likely to have a certain zero past-28 day AUDIT score and alcohol frequency and volume.

Since it has been demonstrated that results from these kinds of nonlinear models of 

problems related to alcohol use are subject to biases due to heteroskedastic drinking effects 

(Gruenewald et al., 2016; Gruenewald and Mair, 2019), two additional specification tests 

using alternative analytic strategies (heteroskedastic ordered logistic and Tobit models) were 

used with the same basic results obtained. We conducted several other specification tests. An 

interaction term between site income and off-premise outlet density was tested in each of the 

models but was non-significant in all cases. Adding site income and site density to the zero 

inflation components of the final models did not improve model fit and neither was 

significant in any model.
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DISCUSSION

The East Bay Neighborhoods Study design enables the disentangling of specific 

neighborhood area effects related to alcohol use and related problems. Using a stratified 

microecological point-based sampling design, we were able to investigate the separate 

impacts of off-premise outlet density and neighborhood median household income on 

patterns of drinking and alcohol use disorders. Distinctive patterns emerged for different 

measures of alcohol use and, in the case of drinking frequency, for higher- vs. lower-income 

individuals. High site income and low outlet densities were associated with drinking 

frequency.

Contrary to expectation, study participants living in high-density off-premise alcohol outlet 

sites did not drink more heavily or have higher AUDIT scores than those in low-density 

sites. This was true in both high- and low-income sites. In descriptive analyses, individuals 

living in high-density sites had similar demographic characteristics and drinking patterns as 

those in low-density sites within income strata. This may be explained by the expectation 

that exposure to off-premise alcohol outlets would affect the frequencies by which alcohol is 

consumed, rather than the amount consumed (which requires additional drivers, as may be 

seen in some on-premise drinking locations such as bars). The literature on associations 

between off-premise alcohol outlet densities and drinking patterns has been quite mixed. 

One reason for this may be that outlet densities are highly correlated with other community 

characteristics, such as median household income, and any examined patterns may be due to 

the impact of these other factors. There is more robust evidence that off-premise alcohol 

outlets are associated with several alcohol-related problems, such as violence (Mair et al., 

2013) and intimate partner violence (Cunradi et al., 2011) than with alcohol consumption 

itself.

On the other hand, living in a high-income site, regardless of off-premise alcohol outlet 

density, was associated with more frequent drinking and greater alcohol dependence (as 

represented by the modified AUDIT score). The association between site income and 28-day 

drinking frequency decreased as individual-level income increased. In high-income sites, all 

those except the lowest-income individuals drink equally frequently; put another way, high-

income individuals drink equally frequently regardless of the income of their neighborhood. 

Important to note here is that lower-income individuals in high-income neighborhoods drink 

more often than those with similar incomes in low-income neighborhoods. Low income 

individuals residing in high income areas might be explained by several circumstances, for 

example, live-in domestic laborers; dependent adult children; boarders or renters of “in-law” 

units; or “low income advantaged” people, i.e., relatively young individuals from affluent 

families who are not yet earning high salaries. This observation has important implications 

for preventive interventions: Individual income effects are to be expected for all persons 

living in all neighborhoods, but it would appear that social influences within high-income 

neighborhoods promote more frequent drinking among low-income individuals. These 

would appear to be based upon influence mechanisms, requiring still more elucidation.

Physical disorder and physical decay, both measured through systematic social observation, 

were not associated with any alcohol use measures with the exception of the association 
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between physical decay and greater alcohol dependence. There were, however, significant 

differences in both physical disorder and decay by site type. Highest levels were observed in 

low-income high-density sites, followed by low-income low-density, high-income high-

density, and high-income low-density. Prior research has observed associations between 

neighborhood physical disorder and heavy alcohol use, though many of these studies have 

focused on low income women (Hill and Angel, 2005; Mulia et al., 2008) or high density 

urban areas (Bernstein et al., 2007). Our study, on the other hand, purposefully sampled 

individuals in high and low poverty microenvironments in a study area that includes a range 

of socio-economic conditions. It may be that physical disorder and physical decay have 

specific impacts on alcohol use among subpopulations or in specific types of neighborhoods, 

or that alcohol-dependent individuals may come to reside in neighborhoods characterized by 

physical decay. One of the posited hypotheses for the associations between off-premise 

alcohol outlet densities and alcohol use is that these outlets tend to be located in areas of 

higher social and physical disorder; another is that the outlets themselves send the message 

that there are low levels of social control and thus increase levels of neighborhood disorder 

directly and alcohol use indirectly (Bennett et al., 1996; Gorman et al., 2001). It appears, in 

our sample, that physical decay and disorder are not associated with patterns of alcohol use 

above and beyond their unsurprising correlations with area income. Future studies may 

consider comparing the impact of physical disorder and decay in specific neighborhood 

types or comparing for whom these conditions matter, as well as considering the impacts of 

alcohol dependence on place of residence.

It is important to note that our sample skews older (mean age 53.8), more female (60%), and 

with a higher education level (72% college graduates) than the population living in the East 

Bay of California, though other key demographic characteristics of our study population, 

such as race/ethnicity and income, resemble the larger population. The observed associations 

in this study may not hold up in other regions; patterns of alcohol consumption vary by state 

(Haughwout and Slater, 2018) and rural vs. urban communities (Matthews et al., 2017), and 

the impact of off-premise outlet density on drinking patterns may vary by other community-

level characteristics. The area income variable was stratified by median household income in 

our study. The East Bay demonstrates a relatively wide socioeconomic range, with more 

affluent households compared to the other parts of the country, evidenced by an average 

median household income of $68,440 from 2014–2018 (vs. $60,293 across the United 

States). This potentially limits the representativeness of our income findings for other 

regions of the United States. Our measures of alcohol use did not include a full assessment 

of alcohol use disorder (AUD), instead using the AUDIT assessment of hazardous drinking. 

While not a clinical assessment, the AUDIT has been found to perform extremely well in 

detecting alcohol dependence (Lundin et al., 2015).

By utilizing a stratified sampling strategy with sufficient respondents per site, we were able 

to investigate the impact of both area income and off-premise alcohol outlet density on 

alcohol use above and beyond individual characteristics. The 72 microecological sites are 

smaller than Census tracts or block groups, and allow for the investigation of small-scale 

impacts on patterns of alcohol use. Our findings indicate that caution should be used in 

interpreting prior study findings linking off-premise outlet densities to heavier or more 

frequent drinking. While considerable progress has been made in the development of 
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comprehensive models of the impacts of on-premise outlets, especially bars, upon specific 

problems like violent assaults and motor vehicle crashes (Lipton et al., 2018; Mair et al., 

2013), the determination of the features of neighborhood alcohol environments that affect 

drinking and problems related to off-premise outlets remains an open scientific problem in 

the field.

Acknowledgments

Research for and preparation of this manuscript was supported by National Institute on Alcohol Abuse and 
Alcoholism at the National Institutes of Health Research Grants number R01AA024759 and R01AA023085 to the 
first and fourth authors and NIAAA Research Center Grant P60AA06282 to the third author.

REFERENCES

Ahern J, Margerison-Zilko C, Hubbard A, Galea S (2013) Alcohol outlets and binge drinking in urban 
neighborhoods: The implications of nonlinearity for intervention and policy. Am J Public Health 
103:e81–e87.

Babor TF, Caetano R, Casswell S, Edwards G, Giesbrecht N, Graham K (2010) Alcohol: No ordinary 
commodity--Research and public policy. Oxford, UK, Oxford University Press.

Bennett WJ, Dilulio JJ, Walters JP (1996) Body count: Moral poverty--and how to win America’s war 
against crime and drugs. New York, Simon & Schuster.

Bernstein KT, Galea S, Ahern J, Tracy M, Vlahov D (2007) The built environment and alcohol 
consumption in urban neighborhoods. Drug Alcohol Depend 91:244–252. [PubMed: 17644274] 

Campbell CA, Hahn RA, Elder R, Brewer R, Chattopadhyay S, Fielding J, Naimi TS, Toomey T, 
Lawrence B, Middleton JC (2009) The effectiveness of limiting alcohol outlet density as a means of 
reducing excessive alcohol consumption and alcohol-related harms. Am J Prev Med 37:556–569. 
[PubMed: 19944925] 

Caudill BD, Marlatt GA (1975) Modeling influences in social drinking: An experimental analogue. J 
Consult Clin Psychol 43:405–415. [PubMed: 1159130] 

Cunradi CB, Mair C, Ponicki W, Remer L (2011) Alcohol outlets, neighborhood characteristics, and 
intimate partner violence: Ecological analysis of a California city. J Urban Health 88:191–200. 
[PubMed: 21347557] 

Foster S, Held L, Gmel G, Mohler-Kuo M (2016) Geographical variation in the prevalence of heavy 
drinking in young Swiss men. Eur J Public Health 26:850–855. [PubMed: 26851816] 

Galea S, Ahern J, Tracy M, Vlahov D (2007) Neighborhood income and income distribution and the 
use of cigarettes, alcohol, and marijuana. Am J Prev Med 32:S195–S202. [PubMed: 17543711] 

Galea S, Nandi A, Vlahov D (2004) The social epidemiology of substance use. Epidemiol Rev 26:36–
52. [PubMed: 15234946] 

Geolytics (2015) Demographic Data, US Census & GIS Software | GeoLytics. Available at: http://
www.geolytics.com/

Gmel G, Holmes J, Studer J (2016) Are alcohol outlet densities strongly associated with alcohol-
related outcomes? A critical review of recent evidence. Drug Alcohol Rev 35:40–54. [PubMed: 
26120778] 

Gorman DM, Speer PW, Gruenewald PJ, Labouvie EW (2001) Spatial dynamics of alcohol 
availability, neighborhood structure and violent crime. J Stud Alcohol 62:628–636. [PubMed: 
11702802] 

Gruenewald PJ, Johnson FW, Light JM, Lipton R, Saltz RF (2003a) Understanding college drinking: 
assessing dose response from survey self-reports. J Stud Alcohol 64:500–514. [PubMed: 
12921192] 

Gruenewald PJ, Johnson FW, Light JM, Saltz RF (2003b) Drinking to extremes: theoretical and 
empiricalanalyses of peak drinking levels among college students. J Stud Alcohol 64:817–824. 
[PubMed: 14743944] 

Mair et al. Page 11

Alcohol Clin Exp Res. Author manuscript; available in PMC 2021 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.geolytics.com/
http://www.geolytics.com/


Gruenewald PJ, Mair C (2019) Heterogeneous dose–response analyses of alcohol abuse and 
dependence. Alcohol Clin Exp Res 43:299–308. [PubMed: 30556903] 

Gruenewald PJ, Ponicki WR, Holder HD (1993) The relationship of outlet densities to alcohol 
consumption: A time series cross-sectional analysis. Alcohol Clin Exp Res 17:38–47. [PubMed: 
8452207] 

Gruenewald PJ, Remer LG, LaScala EA (2014) Testing a social ecological model of alcohol use: the 
California 50-city study. Addiction 109:736–745. [PubMed: 24304295] 

Gruenewald PJ, Wang-Schweig M, Mair C (2016) Sources of misspecification bias in assessments of 
risks related to alcohol use. J Stud Alcohol Drugs 77:802–810. [PubMed: 27588539] 

Hasin DS, Stinson FS, Ogburn E, Grant BF (2007) Prevalence, correlates, disability, and comorbidity 
of DSM-IV alcohol abuse and dependence in the United States: Results from the National 
Epidemiologic Survey on Alcohol and Related Conditions. Arch Gen Psychiatry 64:830–842. 
[PubMed: 17606817] 

Haughwout SP, Slater ME (2018) Surveillance Report #110: Apparent per capital alcohol 
consumption: National, state, and regional trends, 1977–2016. Bethesda, MD, National Institute on 
Alcohol Abuse and Alcoholism.

Hill TD, Angel RJ (2005) Neighborhood disorder, psychological distress, and heavy drinking. Soc Sci 
Med 61:965–975. [PubMed: 15955398] 

Karriker‐Jaffe KJ (2011) Areas of disadvantage: A systematic review of effects of area-level 
socioeconomic status on substance use outcomes. Drug Alcohol Rev 30:84–95. [PubMed: 
21219502] 

Kavanagh AM, Kelly MT, Krnjacki L, Thornton L, Jolley D, Subramanian SV, Turrell G, Bentley RJ 
(2011) Access to alcohol outlets and harmful alcohol consumption: A multi-level study in 
Melbourne, Australia. Addiction 106:1772–1779. [PubMed: 21615583] 

Lipton R, Ponicki WR, Gruenewald PJ, Gaidus A (2018) Space–time analyses of alcohol outlets and 
related motor vehicle crashes: Associations at city and Census block-group levels. Alcohol Clin 
Exp Res 42:1113–1121. [PubMed: 29672873] 

Lundin A, Hallgren M, Balliu N, Forsell Y (2015) The use of Alcohol Use Disorders Identification 
Test (AUDIT) in detecting alcohol use disorder and risk drinking in the general population: 
Validation of AUDIT using schedules for clinical assessment in neuropsychiatry. Alcohol Clin Exp 
Res 39:158–165. [PubMed: 25623414] 

Mair C, Frankeberger J, Gruenewald PJ, Morrison CN, Freisthler B (2019) Space and place in alcohol 
research. Curr Epidemiol Rep 6:412–422.

Mair C, Gruenewald PJ, Ponicki WR, Remer L (2013) Varying impacts of alcohol outlet densities on 
violent assaults: Explaining differences across neighborhoods. J Stud Alcohol Drugs 74:50–58. 
[PubMed: 23200150] 

Matthews KA, Croft JB, Liu Y, Lu H, Kanny D, Wheaton AG, Cunningham TJ, Khan LK, Caraballo 
RS, Holt JB, Eke PI, Giles WH (2017) Health-related behaviors by urban-rural county 
classification — United States, 2013. MMWR Surveill Summ 66:1–8.

Molina KM, Alegría M, Chen C-N (2012) Neighborhood context and substance use disorders: A 
comparative analysis of racial and ethnic groups in the United States. Drug Alcohol Depend 
125:S35–S43. [PubMed: 22699095] 

Morrison C (2015) Exposure to alcohol outlets in rural towns. Alcohol Clin Exp Res 39:73–78. 
[PubMed: 25515926] 

Morrison C, Cerdá M, Gorman DM, Gruenewald PJ, Mair CF, Naimi TS, Scribner R, Stockwell T, 
Toomey TL, Wieczorek WF (2016) Commentary on Gmel et al., (2015): Are alcohol outlet 
densities strongly associated with alcohol-related outcomes? A critical review of recent evidence. 
Drug Alcohol Rev 35:55–57. [PubMed: 26450352] 

Morrison C, Gruenewald PJ, Ponicki WR (2015) Socioeconomic determinants of exposure to alcohol 
outlets. J Stud Alcohol Drugs 76:439–446. [PubMed: 25978830] 

Mulia N, Schmidt L, Bond J, Jacobs L, Korcha R (2008) Stress, social support and problem drinking 
among women in poverty. Addiction 103:1283–1293. [PubMed: 18855817] 

Mair et al. Page 12

Alcohol Clin Exp Res. Author manuscript; available in PMC 2021 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Oostveen T, Knibbe R, De Vries H (1996) Social influences on young adults’ alcohol consumption: 
Norms, modeling, pressure, socializing, and conformity. Addict Behav 21:187–197. [PubMed: 
8730520] 

Raudenbush SW, Sampson RJ (1999) Ecometrics: Toward a science of assessing ecological settings, 
with application to the systematic social observation of neighborhoods. Sociol Methodol 29:1–41.

Sampson RJ, Raudenbush SW (1999) Systematic social observation of public spaces: A new look at 
disorder in urban neighborhoods. Am J Sociol 105:603–651.

Saunders JB, Aasland OG, Babor TF, Fuente JRDL, Grant M (1993) Development of the Alcohol Use 
Disorders Identification Test (AUDIT): WHO collaborative project on early detection of persons 
with harmful alcohol consumption-II. Addiction 88:791–804. [PubMed: 8329970] 

Single EW (1988) The availability theory of alcohol-related problems In: Theories on Alcoholism, pp 
325–351. Toronto, ON, Canada, Addiction Research Foundation.

Stockwell T, Gruenewald PJ (2004) Controls on the physical availability of alcohol In: The Essential 
Handbook of Treatment and Prevention of Alcohol Problems, John Wiley & Sons.

Theall KP, Lancaster BP, Lynch S, Haines RT, Scribner S, Scribner R, Kishore V (2011) The 
neighborhood alcohol environment and at-risk drinking Among African-Americans. Alcohol Clin 
Exp Res 35:996–1003. [PubMed: 21323681] 

Winstanley EL, Steinwachs DM, Ensminger ME, Latkin CA, Stitzer ML, Olsen Y (2008) The 
association of self-reported neighborhood disorganization and social capital with adolescent 
alcohol and drug use, dependence, and access to treatment. Drug Alcohol Depend 92:173–182. 
[PubMed: 17913396] 

Mair et al. Page 13

Alcohol Clin Exp Res. Author manuscript; available in PMC 2021 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Locations of 72 Sites in East Bay Neighborhoods Study, by Strata
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Figure 2. 
Interaction between Site- and Individual-Level Income, Frequency Model

Mair et al. Page 15

Alcohol Clin Exp Res. Author manuscript; available in PMC 2021 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Mair et al. Page 16

Ta
b

le
 1

.

D
es

cr
ip

tiv
e 

st
at

is
tic

s 
(n

 =
 9

84
 s

ur
ve

y 
re

sp
on

de
nt

s;
 7

2 
si

te
s)

Si
te

 T
yp

e

H
ig

h 
In

co
m

e
L

ow
 in

co
m

e

H
ig

h 
de

ns
it

y
L

ow
 d

en
si

ty
H

ig
h 

de
ns

it
y

L
ow

 d
en

si
ty

A
ll 

si
te

s
P

-v
al

ue

N
um

be
r 

(%
) 

of
 r

es
po

nd
en

ts
25

2 
(2

5.
58

)
22

9 
(2

3.
27

)
25

4 
(2

5.
79

)
24

9 
(2

5.
28

)
98

4 
(1

00
.0

0)

In
di

vi
du

al
 d

ri
nk

in
g 

m
ea

su
re

s

D
ri

nk
in

g 
fr

eq
ue

nc
y 

pe
r 

28
 d

ay
s,

 m
ea

n 
(S

D
)

8.
02

 (
8.

67
)

9.
38

 (
9.

80
)

4.
80

 (
7.

07
)

5.
81

 (
7.

86
)

6.
95

 (
8.

55
)

<
0.

00
1*

*

M
ea

n 
dr

in
ki

ng
 q

ua
nt

ity
 p

er
 2

8 
da

ys
, m

ea
n 

(S
D

)
1.

45
 (

1.
34

)
1.

38
 (

0.
93

)
1.

46
 (

1.
80

)
1.

35
 (

1.
33

)
1.

41
 (

1.
39

)
0.

43
5

V
ol

um
e 

pe
r 

28
 d

ay
s,

 m
ea

n 
(S

D
)

13
.7

6 
(1

7.
40

)
16

.6
1 

(2
1.

47
)

10
.7

5 
(1

9.
34

)
11

.1
0 

(1
7.

46
)

12
.9

80
 (

19
.0

6)
<

0.
00

1*
*

A
U

D
IT

 to
ta

l s
co

re
, m

ea
n 

(S
D

)
3.

00
 (

2.
77

)
3.

09
 (

3.
11

)
2.

62
 (

3.
72

)
2.

52
 (

3.
34

)
2.

81
 (

3.
26

)
<

0.
00

1*
*

A
U

D
IT

 it
em

s 
4–

10
, m

ea
n 

(S
D

)
0.

63
 (

1.
59

)
0.

65
 (

1.
95

)
0.

67
 (

2.
26

)
0.

55
 (

1.
88

)
0.

62
 (

1.
93

)
0.

63
2

A
ge

, m
ea

n 
(S

D
)

55
.6

1 
(1

6.
26

)
60

.8
1 

(1
6.

25
)

49
.4

3 
(1

6.
53

)
50

.0
4 

(1
5.

23
)

53
.8

2 
(1

6.
68

)
<

0.
00

1*
*

M
ar

it
al

 s
ta

tu
s

<
0.

00
1*

*

M
ar

ri
ed

 o
r 

liv
in

g 
w

ith
 s

om
eo

ne
 in

 a
 m

ar
ri

ag
e-

lik
e 

re
la

tio
ns

hi
p,

 n
um

be
r 

(%
)

14
9 

(5
9.

13
)

12
9 

(5
6.

09
)

89
 (

35
.0

4)
98

 (
39

.3
6)

46
5 

(4
7.

21
)

G
en

de
r

0.
05

6

M
al

e,
 n

um
be

r 
(%

)
10

2 
(4

0.
48

)
10

2 
(4

4.
54

)
98

 (
38

.5
8)

79
 (

31
.7

3)
38

1 
(3

8.
72

)

G
en

de
r 

m
in

or
ity

, n
um

be
r 

(%
)

2 
(0

.7
9)

1 
(0

.4
4)

3 
(1

.1
8)

7 
(2

.8
1)

13
 (

1.
32

)

E
m

pl
oy

m
en

t
0.

00
5*

E
m

pl
oy

ed
 (

pa
rt

- 
or

 f
ul

l-
tim

e)
, n

um
be

r 
(%

)
14

6 
(5

7.
94

)
11

2 
(4

8.
91

)
16

1 
(6

3.
39

)
15

6 
(6

2.
90

)
57

5 
(5

8.
49

)

E
du

ca
ti

on
<

0.
00

1*
*

C
ol

le
ge

 g
ra

du
at

e,
 n

um
be

r 
(%

)
21

6 
(8

5.
71

)
19

0 
(8

2.
97

)
15

6 
(6

1.
42

)
14

6 
(5

8.
63

)
70

8 
(7

1.
95

)

R
ac

e/
et

hn
ic

it
y

<
0.

00
1*

*

B
la

ck
/A

fr
ic

an
 A

m
er

ic
an

, n
um

be
r 

(%
)

21
 (

8.
33

)
16

 (
6.

96
)

85
 (

33
.4

6)
93

 (
37

.3
5)

21
5 

(2
1.

83
)

W
hi

te
/C

au
ca

si
an

, n
um

be
r 

(%
)

19
7 

(7
8.

17
)

17
4 

(7
5.

98
)

11
4 

(4
4.

88
)

98
 (

39
.3

6)
58

3 
(5

9.
25

)

In
co

m
e

<
0.

00
1*

*

L
es

s 
th

an
 $

20
,0

00
, n

um
be

r 
(%

)
18

 (
7.

14
)

21
 (

9.
13

)
55

 (
21

.6
5)

45
 (

18
.0

7)
13

9 
(1

4.
11

)

$2
0,

00
0 

to
 $

60
,0

00
, n

um
be

r 
(%

)
51

 (
20

.2
4)

45
 (

19
.5

7)
91

 (
35

.8
3)

93
 (

37
.3

5)
28

0 
(2

8.
43

)

$6
0,

00
1 

to
 $

10
0,

00
0,

 n
um

be
r 

(%
)

65
 (

25
.7

9)
54

 (
23

.4
8)

57
 (

22
.4

4)
55

 (
22

.0
9)

23
1 

(2
3.

45
)

$1
00

,0
01

 o
r 

m
or

e,
 n

um
be

r 
(%

)
11

8 
(4

6.
83

)
10

9 
(4

7.
60

)
41

 (
20

.0
8)

56
 (

22
.4

9)
33

4 
(3

3.
94

)

Alcohol Clin Exp Res. Author manuscript; available in PMC 2021 August 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Mair et al. Page 17

Si
te

 T
yp

e

H
ig

h 
In

co
m

e
L

ow
 in

co
m

e

H
ig

h 
de

ns
it

y
L

ow
 d

en
si

ty
H

ig
h 

de
ns

it
y

L
ow

 d
en

si
ty

A
ll 

si
te

s
P

-v
al

ue

M
ea

n 
(S

D
) 

of
 e

ig
ht

 in
co

m
e 

ca
te

go
ry

 m
ed

ia
ns

 (
in

 $
10

,0
00

s)
10

.4
1 

(6
.1

5)
11

.0
0 

(6
.7

8)
6.

35
 (

5.
17

)
6.

87
 (

5.
48

)
8.

61
 (

6.
25

)
<

0.
00

1*
*

Si
te

 c
ha

ra
ct

er
is

ti
cs

 (
n=

72
 s

it
es

)

N
um

be
r 

of
 r

es
po

nd
en

ts
 p

er
 s

ite
, m

ea
n 

(S
D

)
14

.2
9 

(2
.2

7)
13

.4
2 

(2
.3

6)
15

.1
9 

(3
.6

7)
14

.5
3 

(3
.5

2)
14

.3
8 

(3
.1

0)

Ph
ys

ic
al

 d
ec

ay
, m

ea
n 

(S
D

)
0.

49
 (

0.
69

)
0.

27
 (

0.
64

)
1.

60
 (

1.
01

)
0.

90
 (

0.
99

)
0.

83
 (

0.
99

)
<

0.
00

1*
*

Ph
ys

ic
al

 d
is

or
de

r, 
m

ea
n 

(S
D

)
2.

54
 (

1.
23

)
1.

50
 (

1.
42

)
4.

38
 (

1.
23

)
3.

36
 (

1.
56

)
2.

98
 (

1.
72

)
<

0.
00

1*
*

Alcohol Clin Exp Res. Author manuscript; available in PMC 2021 August 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Mair et al. Page 18

Ta
b

le
 2

.

C
oe

ff
ic

ie
nt

s 
[9

5%
 c

on
fi

de
nc

e 
in

te
rv

al
s 

(C
Is

)]
, z

er
o-

in
fl

at
ed

 n
eg

at
iv

e 
bi

no
m

ia
l r

eg
re

ss
io

n,
 s

ta
nd

ar
d 

er
ro

rs
 a

dj
us

te
d 

fo
r 

72
 s

ite
 c

lu
st

er
s,

 A
U

D
IT

 s
co

re
, m

ea
n 

dr
in

ki
ng

 q
ua

nt
ity

, f
re

qu
en

cy
, a

nd
 v

ol
um

e 
(n

 =
 9

84
 r

es
po

nd
en

ts
)

y 
= 

F
re

qu
en

cy
y 

= 
M

ea
n 

Q
ua

nt
it

y
y 

= 
To

ta
l V

ol
um

e
y 

= 
A

U
D

IT
 S

co
re

y 
= 

A
U

D
IT

 I
te

m
s 

4–
10

C
oe

f. 
[9

5%
 C

I]
a

C
oe

f. 
[9

5%
 C

I]
a

C
oe

f. 
[9

5%
 C

I]
a

C
oe

f. 
[9

5%
 C

I]
a

C
oe

f. 
[9

5%
 C

I]
a

In
di

vi
du

al
 d

em
og

ra
ph

ic
 c

ha
ra

ct
er

is
ti

cs

A
ge

−
0.

00
2 

[−
0.

00
7,

 0
.0

03
]

−
0.

01
5 

[−
0.

01
8,

 −
0.

01
1]

b
−

0.
00

8 
[−

0.
01

4,
 −

0.
00

2]
b

−
0.

01
3 

[−
0.

01
7,

 −
0.

00
8]

b
0.

00
1 

[−
0.

00
6,

 0
.0

09
]

R
ac

e/
et

hn
ic

ity

B
la

ck
/A

fr
ic

an
 A

m
er

ic
an

0.
05

0 
[−

0.
33

2,
 0

.4
32

]
0.

14
5 

[−
0.

13
2,

 0
.4

22
]

−
0.

06
4 

[−
0.

52
3,

 0
.3

94
]

−
0.

00
5 

[−
0.

32
6,

 0
.3

16
]

0.
13

3 
[−

0.
26

2,
 0

.5
28

]

W
hi

te
/C

au
ca

si
an

0.
49

8 
[0

.2
58

, 0
.7

38
]b

0.
14

1 
[−

0.
04

7,
 0

.3
30

]
0.

50
9 

[0
.1

75
, 0

.8
43

]b
0.

28
0 

[0
.0

63
, 0

.4
97

]b
0.

21
8 

[−
0.

16
6,

 0
.6

01
]

G
en

de
r

M
al

e
0.

18
9 

[0
.0

30
, 0

.3
49

]b
0.

26
0 

[0
.1

35
, 0

.3
85

]b
0.

39
5 

[0
.1

96
, 0

.5
95

]b
0.

36
9 

[0
.2

27
, 0

.5
12

]b
0.

37
3 

[0
.0

89
, 0

.6
57

] 
b

G
en

de
r 

m
in

or
ity

0.
50

0 
[−

0.
19

1,
 1

.1
92

]
−

0.
11

9 
[−

0.
48

7,
 0

.2
49

]
0.

36
8 

[−
0.

56
9,

 1
.3

05
]

0.
18

2 
[−

0.
74

1,
 1

.1
06

]
1.

25
8 

[0
.8

35
, 1

.6
80

] 
b

M
ar

ri
ed

/li
vi

ng
 m

ar
ri

ag
e-

lik
e 

re
la

tio
ns

hi
p

0.
20

9 
[0

.0
27

, 0
.3

92
]b

−
0.

04
0 

[−
0.

17
5,

 0
.0

95
]

0.
03

9 
[−

0.
13

9,
 0

.2
17

]
−

0.
03

5 
[−

0.
16

1,
 0

.0
91

]
−

0.
52

2 
[−

0.
85

8,
 −

0.
18

6]
 b

C
ol

le
ge

 e
du

ca
tio

n 
or

 h
ig

he
r

0.
45

8 
[0

.2
26

, 0
.6

90
]b

−
0.

06
8 

[−
0.

23
3,

 0
.0

96
]

0.
17

7 
[−

0.
10

0,
 0

.4
55

]
−

0.
00

1 
[−

0.
19

8,
 0

.1
96

]
−

0.
25

3 
[−

0.
57

4,
 0

.0
68

]

In
co

m
e

0.
04

4 
[0

.0
19

, 0
.0

68
]b

0.
00

0 
[−

0.
01

0,
 0

.0
11

]
0.

01
9 

[0
.0

00
, 0

.0
37

]b
0.

00
3 

[−
0.

00
9,

 0
.0

16
]

−
0.

00
8 

[−
0.

04
0,

 0
.0

24
]

Si
te

 c
ha

ra
ct

er
is

ti
cs

In
co

m
e:

 h
ig

h
0.

43
1 

[0
.0

91
, 0

.7
72

]b
0.

00
3 

[−
0.

15
8,

 0
.1

64
]

−
0.

01
2 

[−
0.

23
2,

 0
.2

07
]

0.
08

8 
[−

0.
05

7,
 0

.2
33

]
0.

34
9 

[0
.0

51
, 0

.6
47

] 
b

A
lc

oh
ol

 o
ut

le
t d

en
si

ty
: h

ig
h

−
0.

16
3 

[−
0.

32
4,

 −
0.

00
3]

b
0.

04
5 

[−
0.

09
3,

 0
.1

83
]

−
0.

11
2 

[−
0.

30
1,

 0
.0

76
]

−
0.

04
8 

[−
0.

18
5,

 0
.0

88
]

−
0.

21
1 

[−
0.

45
7,

 0
.0

36
]

Ph
ys

ic
al

 d
ec

ay
−

0.
08

2 
[−

0.
18

8,
 0

.0
23

]
−

0.
02

8 
[−

0.
11

2,
 0

.0
56

]
−

0.
05

2 
[−

0.
18

5,
 0

.0
80

]
0.

03
6 

[−
0.

05
8,

 0
.1

31
]

0.
21

0 
[0

.0
62

, 0
.3

58
] 

b

Ph
ys

ic
al

 d
is

or
de

r
−

0.
01

7 
[−

0.
08

5,
 0

.0
51

]
−

0.
01

7 
[−

0.
06

6,
 0

.0
31

]
−

0.
11

2 
[−

0.
30

1,
 0

.0
76

]
−

0.
02

0 
[−

0.
07

5,
 0

.0
35

]
−

0.
00

8 
[−

0.
11

3,
 0

.0
97

]

In
te

ra
ct

io
n 

te
rm

In
di

vi
du

al
 in

co
m

e 
x 

si
te

 in
co

m
e 

(h
ig

h)
−

0.
03

6 
[−

0.
06

5,
 −

0.
00

7]
b

-
-

-
-

Z
er

o 
in

fl
at

io
n:

 in
di

vi
du

al
 d

em
og

ra
ph

ic
 c

ha
ra

ct
er

is
ti

cs

A
ge

0.
05

4 
[0

.0
09

, 0
.0

99
]b

0.
01

4 
[−

0.
01

6,
 0

.0
44

]
0.

03
9 

[0
.0

04
, 0

.0
74

]b
0.

02
6 

[0
.0

03
, 0

.0
49

] 
b

0.
04

1 
[0

.0
29

, 0
.0

53
] 

b

Alcohol Clin Exp Res. Author manuscript; available in PMC 2021 August 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Mair et al. Page 19

y 
= 

F
re

qu
en

cy
y 

= 
M

ea
n 

Q
ua

nt
it

y
y 

= 
To

ta
l V

ol
um

e
y 

= 
A

U
D

IT
 S

co
re

y 
= 

A
U

D
IT

 I
te

m
s 

4–
10

C
oe

f. 
[9

5%
 C

I]
a

C
oe

f. 
[9

5%
 C

I]
a

C
oe

f. 
[9

5%
 C

I]
a

C
oe

f. 
[9

5%
 C

I]
a

C
oe

f. 
[9

5%
 C

I]
a

M
ar

ri
ed

/li
vi

ng
 m

ar
ri

ag
e-

lik
e 

re
la

tio
ns

hi
p

2.
18

4 
[−

0.
25

1,
 4

.6
19

]
2.

11
3 

[0
.8

14
, 3

.4
13

]b
1.

86
0 

[0
.5

13
, 3

.2
07

]b
1.

60
0 

[0
.5

69
, 2

.6
32

] 
b

0.
07

2 
[−

0.
35

0,
 0

.4
94

]

In
co

m
e

−
0.

98
7 

[−
2.

59
9,

 0
.6

26
]

−
1.

01
2 

[−
1.

48
4,

 −
0.

54
0]

b
−

0.
80

7 
[−

1.
33

0,
 −

0.
28

4]
b

−
0.

65
2 

[−
0.

95
4,

 −
0.

35
1]

 b
−

0.
04

5 
[−

0.
07

6,
 −

0.
01

3]
 b

A
IC

55
56

.1
3

28
67

.9
9

64
88

.3
0

41
47

.3
1

15
22

.1
6

a St
an

da
rd

 e
rr

or
s 

ar
e 

ad
ju

st
ed

 f
or

 7
2 

si
te

 c
lu

st
er

s.

b Si
gn

if
ic

an
t a

s 
in

di
ca

te
d 

by
 a

 9
5%

 c
on

fi
de

nc
e 

in
te

rv
al

 th
at

 e
xc

lu
de

s 
ze

ro
.

Alcohol Clin Exp Res. Author manuscript; available in PMC 2021 August 01.


	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Setting
	Participants and Procedures
	East Bay Neighborhood Survey.
	Systematic Social Observation.

	Measures
	Data Analysis

	RESULTS
	DISCUSSION
	References
	Figure 1.
	Figure 2.
	Table 1.
	Table 2.

