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Abstract 

Objective.  Excessive drinking contributes to 79,000 excess deaths annually and 
is associated with cardiovascular disease, several cancers, liver cirrhosis and social 
problems including drinking and driving, homicide, and other types of crime.  The 
overarching goal of this dissertation was to test a model that examines how individual 
and neighborhood level characteristics contribute to excessive drinking.  
 

Methods.  In Manuscript 1, we investigated the relationship between fruit and 
vegetable intake and alcohol consumption, and whether the inverse relationship 
between low fruit and vegetable intake and higher alcohol consumption was more 
pronounced among the poor in a large multi-ethnic sample of 9,959 adults from 
Hennepin County, MN using the Survey of the Health of Adults, the Population, and the 
Environment (SHAPE).  In Manuscript 2, we explored whether food and alcohol access 
are related, and whether the relationship between food and alcohol access differs in 
poorer neighborhoods in Hennepin County, MN using Census Decennial and InfoUSA 
business data.  The 3rd manuscript investigated whether living in a low SES 
neighborhood was associated with excessive drinking and if the retail environment (e.g., 
mix of food and liquor stores) mediated this relationship using SHAPE, Census 
Decennial, and InfoUSA data.  A variety of statistical methods were used to answer our 
research questions including hierarchical Poisson and linear regression models. 
 

Results.  In Manuscript 1, we found higher fruit and vegetable intake was 
associated with lower alcohol consumption and this relationship was more pronounced 
among individuals with lower household incomes.  In Manuscript 2, we found the 
relationship between food and alcohol access differed by neighborhood SES, with 
higher income neighborhoods having more supermarkets and grocery stores, and liquor 
stores (RR=1.47; 95% CI: 1.21, 1.80).  In Manuscript 3, we found that individuals 
living in census tracts with only liquor stores had a 46% higher risk of binge drinking 
than individuals living in neighborhoods with only food stores (RR=1.46; 95% CI: 
1.03,2.07) after adjusting for demographic and lifestyle factors. 
 
 Conclusion.  Neighborhood characteristics such as the mix of food and liquor in 
neighborhoods are important in understanding excessive drinking above and beyond 
demographic and lifestyle factors.  Future research on social conditions impacting 
alcohol consumption should explore the mix of stores, not just the over-concentration of 
liquor stores in neighborhoods.  
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 Table 1.1. Key Terms for Dissertation 

________________________________________________________________ 

Alcohol Consumption- Two measures of alcohol consumption were used for 

the dissertation: volume of alcohol consumed and binge drinking pattern. 

Alcohol volume was defined as the number of drinks per day in the past month 

and was derived by multiplying the quantity of drinks consumed per day by the 

frequency of drinking days.1-4  Binge drinking was selected to characterize 

excessive alcohol drinking patterns and was defined as consuming five or more 

drinks during a single occasion in the past 30 days.5 

Binge Drinking- Consumption of 5 or more alcoholic drinks during a single 

occasion in the past 30 days.5 

Fruit and Vegetable Intake – The fruits and vegetables that individuals 

consume on a daily basis.6-8 

Socioeconomic Status- Social and economic factors that influence what 

standing individuals or groups hold within the multiple-stratified structure of a 

society (e.g., income, education).9 

Neighborhood Socioeconomic Status- The socioeconomic characteristics of a 

neighborhood such as median household income, or education.10  

Neighborhood Retail Environment- The physical availability of supermarkets, 

grocery stores and liquor stores within one’s neighborhood.11 

________________________________________________________________ 
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Chapter 1. Overview of the Dissertation 

Statement of the Problem 

Excessive drinking is a significant public health problem in the U.S.  

Approximately two-thirds of adults consume any alcohol in the U.S.12  Studies suggest 

that about 15 percent of Americans engage in excessive drinking.12  Excessive drinking 

contributes to 79,000 excess deaths annually13 and is associated with cardiovascular 

disease, several cancers, liver cirrhosis14-18 and social problems including drinking and 

driving, homicide, and other types of crime.13, 17, 19-23 

Studies have often focused on individual factors (e.g., individual socioeconomic 

status) and alcohol consumption12, 24-34, or neighborhood characteristics (e.g., 

neighborhood SES, alcohol outlet density) and excessive drinking.22, 35-39,39  However, 

fewer studies have employed multi-level designs and examined  how both individual 

and neighborhood characteristics such as socioeconomic status and the larger retail 

environment are associated with excessive drinking.37 

The overarching goal of this dissertation was to test a conceptual model that 

examined the relationships between individual and neighborhood level characteristics 

and excessive drinking.  Each manuscript tested a particular aspect of the model.   

Individual Level Factors  

In Manuscript 1, we examined the role of individual factors such as diet and 

SES in explaining excessive drinking among adult residents in Hennepin County, MN.  

Although excessive drinking and low fruit and vegetable intake contribute significantly 

to morbidity and mortality in the U.S., and several studies have examined the 

relationship between fruit and vegetable intake and alcohol consumption, no studies to 

date have examined whether the inverse relationship differs by socioeconomic status, 
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(i.e., the relationship is stronger in certain groups than in others).  Certain health 

behaviors such as low fruit and vegetable intake and excessive drinking may cluster 

together, especially among lower income individuals.2-4  We investigated the 

relationship between fruit and vegetable intake and alcohol consumption, and whether 

the inverse relationship between low fruit and vegetable intake and higher alcohol 

consumption was more pronounced among the poor. 

Neighborhood Level Factors 

In Manuscript 2, we investigated the neighborhood retail environment in 298 

census tracts in Hennepin County, MN.  We specifically focused on food and alcohol 

access in Hennepin County neighborhoods. Ecological studies of the retail environment 

suggest that poor people often live in neighborhoods where there may be more liquor 

stores and few food stores .37, 40-44  For example, studies have shown that poor 

neighborhoods tend to have few supermarkets and large-scale grocery stores and more 

liquor stores in separate analyses.37, 40-48  Surprisingly, no studies in the published 

literature have specifically examined the relationship between food and alcohol access 

in poor neighborhoods. Thus, little is known how food and alcohol access are related, 

and whether the relationship between food and alcohol access differs in poorer 

neighborhoods.11, 49 

Manuscript 3 examined the effects of neighborhood factors on excessive 

drinking after taking individual variables into account.  Features of the neighborhoods 

where people live may contribute to excessive drinking.  Two neighborhood 

characteristics in particular may be important in understanding alcohol consumption--

neighborhood socioeconomic status (SES), and the retail environment in neighborhoods 
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(e.g., alcohol outlet density and the mix of liquor and food stores).  In this paper, we 

explored whether the retail environment (mix of food and grocery stores, alcohol outlet 

density) may mediate the effects of low neighborhood SES on excessive drinking. 

Conceptual Model  

Figure 1.1 describes the model guiding this research.  The model suggests that 

socioeconomic status and lifestyle factors such as diet may be critical to understanding 

excessive drinking.  Further, the model suggests that neighborhood level characteristics, 

such as the retail environment may play an important role in understanding in drinking 

behavior. The model indicates that the retail environment may mediate the effects of 

low neighborhood SES on excessive drinking. 

Figure 1.1. Conceptual Model Describing the Relationships Between Neighborhood Socioeconomic Status, 
Retail Environment, Individual Level Variables and Alcohol Consumption
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The conceptual model is based on social ecological theory. Social ecological 

theory (SET) suggests that the neighborhood environment is a key setting to understand 

individual behaviors such as alcohol use.  SET examines the interrelationships between 

people and the environment in which they live. Also, SET identifies the levels of 

analysis most relevant for understanding and modifying health behaviors such as 

alcohol consumption.  SET suggests that individual socio-demographic characteristics, 

neighborhood environment, and local access to food and liquor stores all affect diet and 

drinking behaviors. Additionally, the conceptual model is informed by the Problem 

Behavior theory.50  According to Problem Behavior theory50, health behaviors such as 

poor diet and excessive drinking cluster together, because they reflect an overall 

lifestyle pattern that has common antecedents (e.g., neighborhood poverty).51 

Organization of the Dissertation 

The dissertation consists of three inter-related manuscripts. Below we describe 

the research questions and hypotheses related to each manuscript.  Manuscripts based 

on the dissertation have been submitted for publication (See Appendices E, F and G). 

Manuscript 1: Individual Level Analysis.  Manuscript 1 investigated the 

relationships between fruit and vegetable intake, socioeconomic status, and alcohol 

consumption in a large multi-ethnic sample of 9,959 adults from Hennepin County, 

MN, U.S. It examined the relationships (A and F) in the conceptual model using 

individual level data from the Survey of the Health of Adults, the Population, and the 

Environment Study (2002). 

The primary research questions in Manuscript 1 were  



 

5 
 

(1) Is there a relationship between fruit and vegetable intake and alcohol 

consumption? 

(2) Does the relationship between fruit and vegetable intake and higher alcohol 

consumption vary by socioeconomic status? 

The following hypotheses were tested in Manuscript 1. 

(1)  Fruit and vegetable intake will be inversely associated with alcohol 

consumption, and 

(2)  The inverse relationship between low fruit and vegetable intake and higher 

alcohol consumption will differ by SES. 

Manuscript 2: Ecological Analysis.  Manuscript 2 examined the relationships 

between food and alcohol access and neighborhood socioeconomic status using census 

tract data and geographical business data for Hennepin County.  It examined the 

relationships (B and C) in the model using ecological data from Census 2000 and 

InfoUSA 2002 business data.  

The primary research questions in Manuscript 2 were  

(1) Is there a relationship between food access (i.e., number of grocery stores and 

supermarkets) and alcohol access (# of liquor stores) in neighborhoods? 

(2) Does the relationship between food and alcohol access vary by neighborhood 

socioeconomic status? 

The following hypotheses were tested: 

(1)  Number of food stores will be inversely associated with number of liquor stores 

(i.e., fewer supermarkets and grocery stores will be associated with more liquor stores), 
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(2)  The negative relationship between food and alcohol access would be stronger in 

low SES neighborhoods. 

Manuscript 3: Multi-level Analysis.  Manuscript 3 builds on manuscripts 1 and 

2 and tests the relationships A, B, C, D, E, F in Figure 1.1 using the SHAPE Study, 

InfoUSA, and Census 2000. The primary research questions in Manuscript 3 were: 

(1) Is there a relationship between living in a low SES neighborhood and higher 

alcohol consumption after taking individual SES into account? 

(2) Is the relationship between living in a low SES neighborhood and higher alcohol 

consumption mediated by alcohol outlet density or retail mix of neighborhoods? 

The following hypotheses were tested: 

(1)  Living in a neighborhood with lower socioeconomic status will be associated 

with higher alcohol consumption after controlling for individual SES and 

(2) The relationship between neighborhood SES and alcohol consumption will be 

mediated by alcohol outlet density or retail mix. 

This dissertation suggests that the neighborhood environment is a key setting to 

understand excessive drinking.  Further, it suggests that environmental factors such as 

the mix of liquor and food stores in neighborhoods may be important targets for future 

health policies and intervention programs.  Results from the dissertation may therefore 

be useful to communities wishing to improve the alcohol and food environments in their 

neighborhoods.
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Chapter 2. Manuscript 1: The Relationships between Fruit and Vegetable Intake, 

Alcohol Consumption, and Socioeconomic Status 

 

Background.  We examined the relationships among fruit and vegetable intake, 

alcohol consumption, and socioeconomic status in a multi-ethnic sample of 9,959 adults 

from Hennepin County, Minnesota.  While studies have shown that poor diet is often 

linked with higher alcohol consumption, no studies to date have examined whether the 

inverse relationship would differ by socioeconomic status (SES).  We hypothesized an 

inverse relationship between fruit and vegetable consumption and alcohol consumption 

and that the relationship would differ by socioeconomic status (SES). 

 

Methods.  Fruit and vegetable intake was measured using two items that 

assessed servings per day.  Two individual measures were used to assess alcohol 

consumption: alcohol volume and binge drinking. Individual measures of SES included 

education and household income. Multivariate linear and Poisson regression with 

sample weights were used to estimate effects. 

 

Results.  We observed an inverse relationship between fruit and vegetable intake 

and alcohol consumption in unadjusted and adjusted analyses.  The relationship 

between fruit and vegetable intake and alcohol consumption varied by socioeconomic 

status.  Higher fruit and vegetable intake was significantly associated with lower 

alcohol volume as well as lower risk of binge drinking among individuals with lower 
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household incomes, but the inverse relationship was not observed for individuals with 

higher household incomes. 

 

Conclusions.  Results suggest that, in this sample, there was an inverse 

relationship between fruit and vegetable consumption and alcohol intake in those with 

lower household incomes but not with those of higher household incomes.  This may 

suggest that the inverse relationship between fruit and vegetable intake and alcohol 

consumption may be more relevant in populations with more restricted economic 

choices.  
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Background and Significance 

Prevalence of Fruit and Vegetable Intake and Alcohol Consumption 
 

Two overarching goals for Healthy People 2020 are to improve health and 

reduce health disparities.52  Health behaviors such as poor diet and excessive drinking 

are major contributors to chronic disease and mortality. Changing the dietary and 

drinking practices of Americans will therefore will be very important in reaching 

national health goals.   

Low fruit and vegetable consumption is known to contribute to a variety of 

health problems including cardiovascular disease (e.g., coronary heart disease, stroke, 

and total circulatory disease), diabetes mellitus, some cancers (e.g., pancreas, stomach, 

colorectal, and bladder), and weight gain.53-56  The effect of low fruit and vegetable 

intake on weight gain is of particular concern, because of the alarmingly high rates of 

obesity in the U.S. 

Approximately two-thirds of Americans consume alcohol in the U.S.12  Studies 

suggest that about 15 percent of Americans engage in excessive drinking.12  Excessive 

drinking contributes to 79,000 excess deaths annually .13  It is associated with 

cardiovascular disease (i.e., hypertension, hemorrhagic stroke), several cancers (e.g., 

oesophageal, oral/pharyngeal, colorectal, breast), liver cirrhosis, and overall mortality14-

18  and with social problems including drinking and driving, homicide, and other types 

of crime.13, 17, 19-23  

Health behaviors such as poor diet and excessive drinking may cluster together. 

According to Problem Behavior theory, individuals who engage in one behavior may 
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also be more likely to engage in other problem behaviors.50  Proponents of this theory 

argue that health behaviors such as poor diet and excessive drinking cluster together, 

because they reflect an overall lifestyle pattern that has common antecedents (e.g., 

poverty). 51   

The Relationship Between Low Fruit and Vegetable Intake and Higher Alcohol 

Consumption 

Studies in the U.S. have found that lower fruit and vegetable is associated with 

excessive drinking.2-4  Findings from these studies consistently suggest that higher 

levels of alcohol consumption are associated with lower levels of fruit and vegetable 

intake.  Breslow and colleagues (2006) reported that higher alcohol volume was linked 

with lower fruit and vegetable quality in a sample of 3,729 U.S. adults.2  Alcohol use 

was measured by drinking quantity, frequency, and volume.  Further, a study by 

Breslow and colleagues (2010) confirmed earlier findings that alcohol use was 

negatively associated with diet quality among adult respondents (n= 15,870) after 

adjusting for gender, age, race, education, smoking, BMI, and leisure physical activity1 

Serdula and colleagues (1996) assessed the relationship between fruit and 

vegetable intake and heavy drinking.3  Data were collected from a sample of 21,892 

adults from the 1990 Behavioral Risk Factor Surveillance System study (BRFSS).  Fruit 

and vegetable intake was assessed using a 6-item instrument including items on both 

fruit and vegetable intake.  Heavy drinking was defined as having 2 or more drinks per 

day.  Results showed that among men, lower fruit and vegetable consumption was 

associated with heavy drinking (OR=0.4; 95% CI: 0.3-0.7) after adjusting for age, 
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race/ethnicity and education. The relationship was however not significant among 

women. 

Studies of  European populations have also found that low fruit and vegetable 

intake is associated with heavy drinking .57-61  For example, La Vecchia and colleagues 

(1992) in their study of 1,774 adults from Italy found that heavy alcohol consumption 

was associated with a diet poorer in several aspects, including lower consumption of 

fresh fruit and green vegetables. 

Results from research on alcohol consumption and fruit and vegetable intake 

have been compelling, but several gaps remain in the research.  For example, no studies 

to date have examined whether the relationship between low fruit and vegetable intake 

and heavy drinking varies by socioeconomic status.  Socioeconomic status refers to 

those social and economic factors that influence what standing individuals or groups 

hold within society (e.g., income, education).9  Studies of the food and alcohol 

environment suggest that low income individuals often live in neighborhoods where 

there are lots of  liquor stores and few chain grocery stores.37, 40-44  Differences in access 

to food and alcohol may create structural barriers in poor communities that lead to poor 

health behaviors and health inequalities.62  Low income individuals also face different 

economic constraints than high income individuals when it comes to eating healthfully 

or drinking excessively.  Fruits and vegetables can be expensive,63 and low income 

individuals must weigh how they will use their scarce resources.  In some instances, 

food may take priority; but in other instances this may not be the case.64  High income 

families may be more likely to have the  resources to both eat healthy and to drink more 

and therefore are less likely to be faced with these economic trade-offs.63  
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Socioeconomic Status and Fruit and Vegetable Intake 

A consistent number of studies have shown that socioeconomic variables such 

as lower education and low income may increase the risk of inadequate fruit and 

vegetable intake.54, 65-68.  Miller and colleagues (2005) investigated the relationship 

between SES and fruit and vegetable intake in a sample of adults from the 2000 

Behavioral Risk Factor Surveillance System (BRFSS).  Data on fruit and vegetable 

intake were obtained from six items that queried the consumption frequency of five 

foods (fruit, fruit juice, green salad, carrots, and other vegetables) and were summed to 

obtain the total number of servings of fruit and vegetables per day for each respondent.  

They found that lower income and no greater than high school education were 

associated with the consumption of fewer servings of fruit and vegetables per day after 

adjusting for age and sex.69  

In a similar study, Kant and colleagues (2007) used data from NHANES I 

(1971-1975), II (1976-1980) and III (1988-1994).  The nationally-representative U.S. 

sample included adult men and women aged 25-74 (n=36,000).  Data on fruit and 

vegetable intake (servings per day) were obtained from a 24-hour dietary recall.  The 

study showed that lower income individuals reported lower fruit and vegetable intake. 

In addition, lower education was positively associated with lower fruit and vegetable 

intake. 

Shimakawa et al. (1994) investigated the relationship between socioeconomic 

position and fruit and vegetable consumption in a sample of adults from Forsyth 

County, NC; Jackson Mississippi; Minneapolis Suburbs, MN; and Washington County, 

Maryland as part of the Atherosclerosis Risk in Communities Study (ARIC) 
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(n=15,800). 65  Study results showed that lower educational attainment was associated 

with fewer fruit servings after controlling for age. 

Socioeconomic Status and Alcohol Consumption 

Studies also have examined the relationship between socioeconomic status and 

alcohol consumption, but findings have been mixed.  Some studies have reported that 

higher alcohol consumption is more common among the poor12, 24-31, while others have 

found the reverse to be true (i.e., a positive relationship between income and higher 

alcohol consumption).32-34  For example, Mossakowski et al. (2008) investigated the 

relationship between poverty, unemployment, and heavy drinking in a sample of youth 

ages 14-22 years as part of the U.S. National Longitudinal Survey of Youth (1979-1992 

waves).24  Binge drinking was defined as consuming five or more drinks of alcohol on 

one occasion during the past 30 days.  Frequency of binge drinking was assessed as the 

number of heavy drinking occasions per week.  Results showed that longer durations of 

poverty and unemployment across a 13-year period significantly predicted drinking and 

frequency of binge drinking at ages 27-35 years, after adjustment for other covariates 

including gender, age, race/ethnicity, marital status, prior heavy drinking, and current 

socioeconomic position.  

Karlamangla and colleagues (2006) examined the relationship between 

socioeconomic position and heavy drinking among a national U.S. sample of 14,127 

men and women aged 25-70 (1971-1974).27  Alcohol use was measured in terms of the 

on quantity and frequency of drinks per drinking day in the past year.  Heavy drinking 

was defined as ≥5 drinks per drinking day for men; ≥4 drinks per drinking day for 
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women.  They found that binge drinking was associated with having less than a high 

school education, being male, being single, having a income below the median, and 

smoking.27  However, Karlamangla also found that higher socioeconomic status was 

associated with higher alcohol volume (drinks per day).  The effects of socioeconomic 

status on alcohol consumption may differ depending on the alcohol consumption 

measure used. 

Summary 
 

In summary, studies suggest that health behaviors such as fruit and vegetable 

intake and alcohol consumption may be inversely associated.  Gaps in the research 

however remain whether socioeconomic status moderates the effects of low fruit and 

vegetable intake on heavy drinking.  In addition to this limitation, the research has other 

conceptual and methodological flaws.  First, the literature has not moved beyond 

individual level explanations for the association of low fruit and vegetable consumption 

and alcohol intake.  Second, studies of fruit and vegetable consumption and heavy 

drinking have used different measures for both behaviors, thus making comparisons of 

results across studies difficult.   

Aims and Hypotheses 

In light of these gaps in the research, Manuscript 1 examined the relationships 

between fruit and vegetable intake, alcohol consumption, and socioeconomic status. 

The primary research questions were  

(1)  Is there a relationship between fruit and vegetable intake and alcohol 

consumption? 
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(2)  Does socioeconomic position moderate the relationship between fruit and 

vegetable intake and alcohol consumption? 

 Relationships: A, F in the model (Figure 1.1) 

The following hypotheses were tested: 

(1) Fruit and vegetable intake will be inversely associated with alcohol 

consumption, and 

(2) The inverse relationship between low fruit and vegetable intake and higher 

alcohol consumption will differ by SES.  

Results from our study will further understanding of how health behaviors 

cluster together and whether certain health behaviors are more likely to cluster together 

in some socioeconomic groups than in others.  Results from this study  will also be 

important in informing strategies for achieving national health goals, improving 

population health, and decreasing health disparities.15, 16, 52, 53 
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Methods 

Data 

The data for this study were drawn from the 2002 Survey of the Health of 

Adults, the Population, and the Environment (SHAPE), which was designed to examine 

individual, social, and environmental factors that affect the health of Hennepin County 

residents in Minnesota. Hennepin County is comprised of 10 cities including the city of 

Minneapolis.70  Minneapolis includes over 382,605 individuals and is located in 

Hennepin County.70  This study was approved by the University of Minnesota 

Institutional Review Board (Appendix A, Study #0911E74635). 

SHAPE is an ideal dataset to examine the relationship between low fruit and 

vegetable consumption and heavy drinking, and socioeconomic status.  It includes a 

large, multi-ethnic, and economically diverse sample of adults.  It also includes valid 

and reliable measures of fruit and of vegetable intake and alcohol consumption that 

have been widely used in national health surveys such as the Behavioral Risk Factor 

Surveillance System (BRFSS). 

Study Design  

Cross-sectional observational studies like SHAPE 2002 are excellent for 

studying multiple health behaviors at a single point in time.  They are also useful in 

testing and generating new hypotheses about health behaviors such as ours.  Cross-

sectional studies are however limited in establishing temporality and making causal 

inferences. 
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Sampling 

The SHAPE study employed a stratified sampling design to recruit participants. 

First, geographic sampling areas (i.e., cities) were subdivided into 17 neighborhoods. 

Second, census tracts 

within the 17 

neighborhoods that had a 

high number of racial and 

ethnic minority groups 

were oversampled 

(African American, 

Hispanic, Hmong, 

Vietnamese, Somali, and 

American Indian). One 

adult per household was selected using the most recent birthday technique.71  A total of 

15,231 persons were recruited and 9,959 agreed to participate in the SHAPE survey.  

One hundred thirty-nine participants were removed from the sample due to incomplete 

interviews, yielding an overall response rate of 66.3%, which is higher than average for 

telephone surveys.71, 72  For example, 15% of the households in Richfield, an area with a 

higher number of ethnic minorities, were sampled compared to <1% of households in 

the Western Suburb areas, an area that is largely Caucasian.  These six racial and ethnic 

groups within the county were selected based on their overall size and a desire to 

Figure 2.1 Sampling Strata for the SHAPE Study 

County (Hennepin) 

↓ 

Study Cities (n=10) 

↓ 

Neighborhoods (n=17) 

↓ 

Census Tracts (n=298) 
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include recent immigrant groups to Hennepin County.  A map of the neighborhood 

areas is provided in Appendix B. 

 

Data Collection 

Respondents were interviewed by phone using a 30-minute structured 

questionnaire.  In-person interviews (n=178) also were conducted to increase 

participation for hard-to-reach populations (e.g., American Indians; African-Born Black 

groups).  Ten percent of the 9,959 completed surveys were conducted in a non-English 

language (n=991 Spanish, Hmong, Somali, and Vietnamese language interviews).  The 

instrument was reviewed by experts from several local and national health organizations 

(e.g., CDC) and field-tested with staff from over 40 local health organizations serving 

minority and immigrant populations.  The instrument covered a broad range of health 

topics including alcohol and tobacco use, fruit and vegetable intake, and physical 

activity.  The surveys were pilot-tested extensively with racial/ethnic community focus 

groups and structured interviews.  A survey work group reviewed the survey and 

received feedback from several key players.  All the participating racial/ethnic 

communities, public health agencies, local official, community members, and 

policymakers provided feedback for the SHAPE survey. 

Interviewers from the University of Minnesota Health Services Research Center 

were trained during two 5-hour training sessions that covered interviewing techniques 

and how to use the Computer-Assisted Telephone Interview (CATI) software.  

Interviewers called phone numbers from the pool of numbers within each geographical 

stratum and filled the number of quota for the strata.  In addition, in-person interviewers 
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were used and were trained on face-to-face methods and obtained certification prior to 

interviews (n=178). 

Measures  

Dependent variable.  Alcohol consumption served as the key dependent 

variable.  We assessed volume of alcohol consumed as well as binge drinking among 

participants.  

Alcohol volume.  Alcohol volume was defined as the number of drinks per day 

in the past 30 days and was derived by multiplying the number of drinks consumed per 

day by the frequency of drinking days.  The quantity-frequency method is a widely-used 

approach for measuring alcohol use in the general population and has been used in 

previous studies examining diet and alcohol consumption.1-4   

Binge drinking.  Binge drinking was selected to characterize excessive alcohol 

drinking patterns.  Binge drinking was based on a separate item and was defined as 

consuming 5 or more drinks during a single occasion in the past 30 days.73, 74  We 

focused on this drinking pattern because volume alone may not adequately capture 

excessive drinking patterns such as binge drinking.75, 76  The items used to measure 

binge drinking have been shown to be valid and reliable measures when compared 

against drinking records in the National Survey on Drug Use and Health.5, 73, 77 

Independent variables. Key independent variables included fruit and vegetable 

intake and socioeconomic status.  Two items were used to assess fruit/vegetable intake: 

“how many servings of fruit did you eat yesterday (including 100% fruit juice)?” and 

“how many servings of vegetables did you eat yesterday (not including french fries)?”  

The two items were summed to obtain the total number of servings of fruit and 
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vegetables per day for each respondent.  The items used to measure fruit/vegetable 

consumption were based on two items from the Behavioral Risk Factor Surveillance 

Survey (BRFSS).12  Typically, six BRFSS items are used to measure fruit and vegetable 

intake, but only these two items were available from the SHAPE data.78  The items used 

to measure fruit/vegetable consumption were based on the BRFSS 12, and have good 

correlation against self-reports of total fruits and vegetables from 3-day diet records 

(Pearson correlation=0.56) and the Willett food frequency questionnaire (Pearson 

correlation=0.63) 12.   

Measures of individual SES included education (< High School, High School 

Grad, Some College, College Grad or Higher) and household income (<$25,000, $25k-

$49,999, $50k-$74,999, $75,000 or higher).  These variables were chosen because they 

have been used widely in previous studies examining the association between SES and 

health behavior.79, 80 

Other covariates.  Other covariates included age (18-24, 25-34, 35-44, 45-54, 

55-64, 65+), gender, race/ethnicity (Hispanic, Non-Hispanic White, Non-Hispanic U.S. 

born Black, African, Southeast Asian, Asian Pacific Islander, American Indian, Other), 

immigrant status (Born outside of U.S.,U.S. Citizen), and marital status (Married or 

Unmarried Couple, (Single/Separated/Divorced/Widowed/Other, Never Married)).  

These variables served as categorical covariates in the adjusted models because studies 

have shown that these variables are related to alcohol use and/or to fruit and vegetable 

intake.2, 25, 26, 81-84 
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Analyses  

All analyses were conducted using STATA IC 10.0 (Stata Corporation, College 

Station, TX).85  First, we examined bi-variate associations between study variables 

using chi-squared tests.  Second, we estimated separate unadjusted and adjusted linear 

regression models to test our hypothesis that fruit and vegetable intake would be 

inversely associated with alcohol consumption.  Third, we ran separate unadjusted and 

adjusted Poisson regression models to compute risk ratios and 95% confidence intervals 

for the association between fruit and vegetable intake and binge drinking.  Given that 

binge drinking was not rare (16.7%), we used Poisson regression to estimate effects.86  

Adjusted linear and Poisson models controlled for age, gender, race/ethnicity, 

education, household income, immigrant status, and marital status.  Fourth, we used 

separate linear (alcohol volume) and Poisson models (binge drinking) stratified by our 

socioeconomic variables (education, household income) to test the hypothesis that the 

relationship between fruit and vegetable intake and alcohol consumption differed by 

socioeconomic status.  Adjusted stratified models controlled for age, gender, 

race/ethnicity, marital status, and immigrant status. 

We used multiple imputation of missing data to account for the high number of 

non-responses for the household income variable (3,362 of 9,959 missing responses).87  

We executed a STATA procedure called multiple imputation by chained equations 

(MICE) to create the imputed household income variable.87  The MICE procedure is an 

iterative process using multiple simulations that imputes the most plausible household 

income value  based on main study covariates (age, gender, immigrant status, education, 

marital status) as well as the main dependent variable (binge drinking).  The iterative 
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process assumes that data are missing at random; that is, that the missingness does not 

depend on unobserved covariates.  This method is appropriate for large sample surveys 

such as ours.88  All analyses used sampling weights that account for the complex 

sampling design and make the SHAPE dataset generalizable to the  Hennepin County 

population.71 

Results 

Sample Characteristics  

The SHAPE sample included approximately equal percentages of men and 

women (49% vs.51%).  The mean age of the sample was 43 years. Most respondents 

had household incomes greater than $50,000, and were highly educated (71% Some 

College or higher) (Table 2.1).  The sample was also racially/ethnically diverse and 

included Non-Hispanic Whites (69%), Hispanics (5%), Non-Hispanic, U.S. born Blacks 

(14%), Africans (3%), Asian/Pacific Islanders (4%), Southeast Asians (3%), and 

American Indians (2%).  Thirteen percent of the sample was born outside of the U.S.  

Adults had a mean intake of 4 servings of fruits and vegetables per day and consumed 

one half of a drink of alcohol per day.  Over 16% of the respondents had engaged in 

binge drinking in the past 30 days. 

Descriptive Analyses  

Overall, higher alcohol consumption and binge drinking were associated with 

being young, male, and born in the U.S. (Table 2.2).  Higher mean alcohol consumption 

was more common among U.S. born non-Hispanic and Hispanic Whites.  Binge 

drinking was more common in Hispanic and American Indians as compared to the other 

race/ethnic groups.  
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Higher fruit and vegetable intake was associated with lower alcohol 

consumption and binge drinking in these bi-variate analyses.  Individuals with the 

highest fruit and vegetable intake (5 or more servings or more per day) had the lowest 

mean number of drinks per day and were less likely to engage in binge drinking (Table 

2.2). 

The association between fruit and vegetable intake and alcohol consumption 

differed by household income for both drinking measures. In stratified descriptive 

analysis, higher fruit and vegetable intake was associated with lower mean number of 

drinks per day and risk of binge drinking among lower income individuals but not 

among higher income individuals (Table 2.3).  For those with a lower household 

income as mean intake of fruits and vegetables increased, mean number of drinks per 

day decreased and fruits and vegetable intake increased, the risk of binge drinking 

decreased.  However, those relationships were not significant in the higher income 

sample.  We examined the relationships stratifying by education but saw no relationship 

in consumption patterns by education (results not shown).  

Multivariate Analyses  

Fruit and vegetable intake and alcohol consumption.  Higher fruit and vegetable 

intake was significantly associated with lower mean alcohol volume in adjusted 

analyses (Table 2.4).  Individuals who consumed 5 or more servings per day reported 

the lowest mean number of drinks per day (Table 2.4).  Fruit and vegetable intake was 

not significantly associated with binge drinking in adjusted analyses. 

Relationships among fruit and vegetable intake, alcohol consumption, and 

socioeconomic status.  The relationship between fruit and vegetable intake and alcohol 
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consumption varied by socioeconomic status in adjusted analyses.  Among individuals 

with lower household income, higher fruit and vegetable intake (5 or more 

servings/day) was significantly associated with lower mean alcohol consumption as 

well as lower risk of binge drinking controlling for other demographic characteristics 

(Table 2.5).  This was not the case for individuals with higher household income. As in 

bi-variate analyses, the relationship between fruit and vegetable intake and alcohol 

consumption did not differ by education (results not shown). 

In our models, household income was imputed for observations with missing 

data (n=3,362).  Because this represented a large proportion of our data, we ran the 

same regression models described above and excluded individuals with missing 

household income data.  The results in these models were the similar to those that used 

an imputed household income variable. 

Discussion 

Problem behavior theory suggests that that health behaviors are likely to cluster 

together.50  In our study, we found that higher fruit and vegetable intake was associated 

with lower mean number of drinks per day in adjusted analyses.  Our results on the 

relationship between diet and alcohol consumption are consistent with previous studies 

that have reported an association between alcohol use and fruit and vegetable intake.1-3, 

57, 58, 89, 90 

However, we found that the relationship between higher fruit and vegetable 

intake and lower alcohol consumption was evident only in the lower income sample.  

Among individuals with lower household income, higher fruit and vegetable intake (5 

or more servings/day) was significantly associated with lower mean alcohol 
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consumption as well as lower risk of binge drinking (Table 2.4, Table 2.5).  This was 

not true for individuals with higher household incomes.  They suggest that poor people 

may be more constrained by their financial resources, and therefore may be forced to 

choose between buying either food such as produce or alcohol.  Our findings suggest 

that when asked to make this choice, lower income individuals do choose to consume 

fruits and vegetables over alcohol.  By contrast, more affluent individuals may have the 

financial stability to buy and consume healthful foods as well as alcohol and are not 

“forced” to choose. Our findings on the relationships between fruit and vegetable 

intake, alcohol consumption, and socioeconomic status have not been previously 

reported.   

Limitations of our study should be noted.  First, the SHAPE survey used only 

two of the six items from the BRFSS to measure fruit and vegetable intake.  Although 

the SHAPE measure of fruit and vegetable consumption included two items, the mean 

estimates of fruit and vegetable intake (servings/day) were reasonably comparable to 

2002 BRFSS estimates (SHAPE (mean =3.9) vs. U.S. (mean=3.4)).91, 92  Future studies 

may wish to replicate our study using the entire battery of fruit and vegetable items 

from the BRFSS.  Second, our study used a telephone-based survey method which may 

not have captured individuals without land line telephones.71  However, telephone-

based surveys are a widely accepted approach for population samples such as ours.  

Non-response in telephone surveys is considered a lesser threat for bias than face-to 

face surveys since telephone hang ups, the largest type of non-response most often 

happen before the survey has ever been conducted.93  Third, we did not examine 

neighborhood characteristics such as alcohol and food access that may affect individual 
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drinking and diet patterns.20, 49, 94-97  Differences in physical access to alcohol and food 

among poor neighborhoods may contribute to excessive drinking above and beyond 

individual lifestyle factors such as fruit and vegetable intake.20, 94-97  Future studies may 

wish to conduct multi-level analyses to test this hypothesis.  Fourth, our findings may 

be generalizable to midwestern cities like Minneapolis.  Future studies may wish to test 

our hypotheses in other cities across the country and to examine a wider range of 

income levels in the population.  Our sample had relatively higher incomes than than 

found nationally, with more than 60% of the population with an income of more than 

$50,000. 

Despite these limitations, our study has implications for developing 

interventions to improve health.  Our findings suggest that health interventions that 

target individuals of lower socioeconomic status should focus on multiple health 

behaviors simultaneously.  In our study, individuals of lower socioeconomic status were 

most likely to consume more fruits and vegetables and drink less in the presence of 

scarce resources.  
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Table 2.1. Sample Characteristics of SHAPE Participants (n=9,959) 

 N Mean (SE) a or Percent  
    
Total number of Adults 9959   
    
Female (%) 5123 51.4  
    
Age (years) 9959 42.6 (0.3)  
    
Born Outside of the U.S.(%)       1264 12.7  
    
Race/Ethnicityb (%) 9959   

Hispanic 495 5.0  
Non-Hispanic  White 6899 69.2  

     Non-Hispanic U.S. born Black  1363 13.6  
  African 343 3.4  

Asian Pacific Islander  398 3.9  
  Southeast Asian 272 2.7  

      American Indian 225 2.2  
    

Education (%) 9779   
< High School 628 6.4  

High School Grad 2189 22.4  
Some College 3098 31.7  

College Grad or Higher 3864 39.5  
    
Household Income (%) 9768    

 <$25,000 1546 15.8  
$25k-$49,999 2043 20.9  
$50k-$74,999 2206 22.6  

$75,000 or higher 3973 40.7  
    

Marital Status (%) 9913   
Married or Unmarried Couple 5994 60.5  

Separated/Divorced/Widowed/Other 1431 14.4  
Never Married 2488 25.1  

    
Fruit/vegetable Intake   
(mean # servings/day) 

9753 3.9 (.1)  

    
Alcohol Use    

Volume(mean # drinks/day) 9833 .5 (.1)  
Binge Drinking (%)  1602 16.3  

 Abbreviations: SE-Standard Error. SHAPE-Survey of the Health of All the Population and the Environment. 
a Estimates were weighted to account for the SHAPE complex survey design.  
b All Racial/ethnic  groups were mutually  exclusive categories (Non-Hispanics). Hispanic/Latino and race are not 

 mutually exclusive. 
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Table 2.2. Bi-variate Relationship Between Demographic Variables, 
Fruit/Vegetable Intake and Alcohol Consumption (n=9,959) 
 N Mean 

Number of 
Drinks/Daya 

(SE) 

p value Binge 
Drinkinga   

(%) 

p value 

Total number of Adults               9959   1602  
      
Age (years)      

18-24 1389 .53 (.08) 0.003 
(trend) 

26.4 <0.0001 
(trend) 

25-34 2218 .49 (.04)  25.6  
35-44 2236 .49 (.04)  16.6  
45-54 1920 .46 (.04)  11.6  
55-64 1033 .34 (.03)  5.6  

65+ 1164 .34 (.03)  2.8  
      
Gender      

Male 4836 .66 (.04) <0.0001 24.6 <0.0001 
Female 5123 .27 (.01)  8.5  

Born outside of U.S. (%)       
Yes 1264 .23 (.04) <0.001 9.3 <0.0001 
No 8695 .49 (.02)  17.3  

      
Race/Ethnicity (%)b           

Hispanic 495 .50 (.09) 0.86 21.4 <0.0001 
Non-Hispanic White (ref)  6899 .51 (.02) -- 17.7  
 Non-Hispanic  U.S. born 

Black  
1363 .28 (.04) <0.001 10.7  

  African 343 .07 (.01) <0.001 5.1  
  Asian Pacific Islander  398 .28 (.10) 0.07 15.6  

   Southeast Asian 272 .29 (.14) 0.12 7.7  
   American Indian 225 .62 (.21) 0.59 23.3  

      
Education (%)      

< High School  628 .32 (.09) 0.87 12.4 0.24 
High School  2189 .47 (.05) 0.18 15.7  

Some College 3098 .49 (.03) 0.52 18.6  
College Grad or 

Higher(ref) 
3864 .46 (.02) -- 16.0  

      
Household Income (%)      

 <$25,000 1546 .40 (.04) 0.06 (trend) 14.9 0.84 (trend) 

$25k-$49,999 2043 .45 (.04)  16.8  
$50k-$74,999 2206 .44 (.04)  16.3  

$75,000 or higher 3973 .50 (.03)  16.9  
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Abbreviations:. CI-Confidence Interval. SE-Standard Error 
a Estimates were weighted to account for the SHAPE complex survey design. 
b All Racial/ethnic groups were mutually exclusive categories (Non-Hispanics). Hispanic/Latino and race 
are not mutually exclusive; a person of Hispanic/Latino ethnicity may be of any race. African born Black 
category included people born in Somalia, Ethiopia, Sudan and other countries. Asian Pacific Islander 
included persons who self-identified as either Asian alone or Native Hawaiian or Other Pacific Islander 
alone. Southeast Asian category included people born in Laos, Vietnam, Cambodia, Thailand, Malaysia, 
the Philippines, Burma, Singapore, or Brunei. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

     

Table 2.2 Cont’d      
 n Mean 

Number of 
Drinks/Daya 

(SE) 

p value Binge 
Drinkinga   

(%) 

p value 

Marital Status (%)      
Married/Member  

Unmarried Couple 
5994 .41 (.03) <0.001 12.1 <0.0001 

Separated/Divorced 
/Widowed/Other 

1431 .35 (.03)  11.1  

Not Married 2488 .64 (.06)  29.5  
      
Fruit/vegetable Intake  
(mean # servings/day; 
(95% CI)) 

     

0-1 503 .59 (.41,.78) <0.001 
(trend) 

24.5 0.008 
(trend) 

1-<3 2357 .51 (.44,.57)  18.2  
3-<5 3423 .49 (.41,.57)  15.5  

5 or more  3505 .37 (.32,.41)  14.7  
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Table 2.3.   Bivariate Relationship between Fruit and Vegetable Intake, 
and Alcohol Consumption by Household Income 

    

  
Mean Number of Drinks/Dayb (95% CI) 

 
Binge Drinking RR (95%CI) b 

  Lower  
incomea 

p value 
(trend) 

Higher  
income 

p value 
(trend)   

Lower 
incomea  

p value  
(trend) 

Higher 
income 

p value  
(trend) 

          
Fruit 
/vegetable 
Intake  
(mean # 
servings/
day) 

         

0-<1  .69 (.41,.97) <0.001 .45 (.25,.65) 0.07 ref 0.003 ref 0.42 
1-<3  .51 (.41,.62)  .50 (.41,.58)  .67(.44,1.0)    .96(.50,1.83)  
3-<5  .39 (.33,.46)  .60 (.45,.74)  .44 (.29,.67)  1.04(.55,1.97)  
5 or 

more  
 .34 (.28,.40)  .40 (.33,.47)  .49 (.31,.78)     .86(.45,1.63)   

          
Abbreviations: CI-Confidence Interval.  RR=Risk Ratio.  SE-Standard Error. 
a Lower and higher SES are median splits based on household income levels (<$60,376, ≥$60,376).    
b  Estimates were weighted to account for the SHAPE complex survey design. 
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Table 2.4. Multivariate Analyses: Relationship Between Fruit and Vegetable 
Intake and Alcohol Consumption.  
 
 Mean Number  

of Drinks/Day 
 Binge Drinking 

 
 Difference a,b 

(95% CI) 
p 

value  
(trend)   

 RR a,b  

(95% CI) 
p 

value  
(trend)   

       
Fruit/vegetable 
Intake  
(mean # 
servings/day) 

     

0-<1 (ref)   -- 0.005  -- 0.10 
1-<3 -.13 (-.31,.05)   .75 (.57,1.00)  
3-<5 -.11 (-.29,.07)   .73 (.55,.97)  

5 or more  -.21 (-.39,-.04)   .70 (.51,.94)  
      

 Abbreviations: CI=Confidence Interval. RR=Risk Ratio.   
 a Adjusted models controlled for education, household income, age, gender, race/ethnicity, 
immigrant status, and marital status.    
 b Estimates were weighted to account for the SHAPE complex survey design.  
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Table 2.5. Adjusted Relationships between Fruit and Vegetable Intake, Alcohol Consumption and Household Income  

  Difference in 
Mean Number of 
Drinks/Dayb (95% CI) 

  Binge Drinking  
RR (95%CI) b 

 

 Lower  
incomea 

p value 
(trend) 

Higher  
income 

p 
value 

(trend) 

Lower 
incomea 

p value 
(trend) 

Higher  
income 

p 
value 

(trend) 
         

         
Fruit 
/vegetable 
Intake  
(mean # 
servings/day) 

-- 0.001 -- 0.37 -- 0.04 -- 0.69 

0-<1 (ref) -.18 (-.43,.07)  -.01 (-.22,.19)  .77(.56,1.06)    .84(.47,1.53)  
1-<3 -.27 (-.50,-.03)   .12 (-.11,.35)  .60 (.43,.83)  1.02 (.57,1.82)  
3-<5 -.31 (-.55,-.07)  -.05 (-.25,.16)  .66 (.46,.95)    .83 (.46,1.50)  
5 or more          
         

Abbreviations:  CI=Confidence Interval. 
a Lower and higher SES are median splits based on household income levels (<$60,376, ≥$60,376).    
b Stratified models controlled for age, gender, race/ethnicity, immigrant status, and marital status. 

c. Estimates were weighted to account for the SHAPE complex survey design.
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Chapter 3. Manuscript 2: Food and Alcohol Access in Neighborhoods of Varying 

Socioeconomic Status: An Ecological Study 

 

Background.  Studies in the diet and alcohol literatures have traditionally studied 

food and alcohol access as separate and distinct public health issues.  However, access 

to food and alcohol may be closely linked, especially in poor neighborhoods.  Our study 

examined the relationship between food and alcohol access by neighborhood 

socioeconomic status (SES) in a large urban county in Minnesota (n=298 census tracts).  

We hypothesized that number of food stores in each census tract would be negatively 

associated with number of liquor stores, and that the negative relationship between food 

and alcohol access would be stronger in poorer neighborhoods. 

 

Methods.  The number (i.e., count) of off-sale liquor stores within each census 

tract was used to measure alcohol access (e.g., stores selling alcoholic beverages for 

consumption off the premises), while the number (i.e., count) of food stores within each 

census tract was used to measure food access.  The primary measure to assess 

neighborhood SES was median annual household income (% less than $15,000).  

Poisson regression was used to estimate effects.   

 

Results.  We found that the relationship between food and alcohol access 

differed by neighborhood SES, with higher income neighborhoods having more 

supermarkets and grocery stores and liquor stores (RR=1.47; p<.0001). 
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Conclusions.  Results suggest food and alcohol access are interconnected and 

should be treated as related rather than distinct public health issues.  Future studies 

should explore what constitutes a ”healthy mix” of food and liquor stores in 

communities and whether the mix of food and liquor stores is associated with poor diet 

and excessive drinking. 
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Background and Significance 

Introduction 

In Manuscript 1, we examined whether the relationship between low fruit and 

vegetable intake and excessive drinking differed by socioeconomic status using data 

from the SHAPE study.(Shimotsu et al., under review)  However, we did not examine 

the neighborhood environment in which individuals make choices about their dietary 

practices and drinking behavior.  The neighborhoods where people live can shape the 

dietary and alcohol choices they make.11, 49, 94, 98, 99  This may be particularly true in less 

affluent neighborhoods, where food and alcohol access may be closely linked.11, 100, 101 

Surprisingly, there are no studies in the published literature that have examined 

whether there is a relationship between food and alcohol access and whether the 

relationship between food and alcohol access differs by the socioeconomic 

characteristics of neighborhoods.40, 47, 48  Studies have examined food and alcohol issues 

separately.37, 40-46  These studies typically use ecological study designs where the unit of 

analysis is a geographical unit (e.g., neighborhood, census tract, zip code).   

Neighborhood Socioeconomic Status and Food Access 

Studies in the diet literature have found that that there are fewer supermarkets 

and chain grocery stores in low socioeconomic status (SES) neighborhoods.40-42, 45, 46  

For example, Powell et al. (2007) investigated the association between neighborhood 

median household income, racial/ethnic neighborhood composition, and density of food 

retail outlets in the U.S. (n=28,050 zip code areas).  Food retail outlets included chain 

supermarkets, non-chain supermarkets, grocery stores, and convenience stores.  Powell 

and colleagues found that low-income areas had significantly fewer chain supermarkets 
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than middle-income and high-income zip codes after controlling for neighborhood 

racial/ethnic composition.  Low income areas tended to have more non-chain grocery 

stores as compared to middle income neighborhoods.  It is important to note that the 

unit of analysis in this study was the zip code level, which may be too large of an area 

to represent local neighborhoods. 

Moore and Diez-Roux (2006) also examined the association between 

neighborhood socioeconomic characteristics and food retail store density in North 

Carolina, Maryland, and New York as part of the Multi-Ethnic Study of Atherosclerosis 

(MESA).40  Food outlet data were obtained from InfoUSA.  They found that the lowest-

income tracts had significantly fewer supermarkets, natural food stores and specialty 

food stores, but more small-scale grocery stores than the highest income tracts.  This 

study like many of the ecological studies in this area assumes that people shop and eat 

within their own census tracts.  This may not be the case. 

Zenk et al. (2005) evaluated the association between neighborhood racial and 

socioeconomic characteristics and proximity to chain supermarkets (distances, in miles) 

in metropolitan Detroit, Michigan.  Supermarket access was measured as the distance to 

the nearest supermarket for a resident positioned in the middle of the neighborhood.  

Study results showed that the distance to the nearest supermarket was similar between 

the three neighborhood poverty levels (least; middle; and most impoverished) after 

controlling for race.  However, the most impoverished African-American 

neighborhoods were 1.1 miles further from the nearest supermarket than were the most 

impoverished White neighborhoods.  The lack of a strong relationship between 
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neighborhood poverty and distance to the closest supermarket may be due to the very 

small sample of neighborhoods analyzed in this study (n=4).  

Further, Baker et al. (2006) investigated the relationship between poverty and 

supermarket access among 220 census tracts in St. Louis, Missouri.45  Spatial clustering 

of supermarkets was measured using direct observation data of supermarkets or major 

chain grocery stores.  The zip code was the unit of analysis.  Results revealed that white 

high-poverty areas and areas with high concentrations of African American areas had 

significantly fewer supermarkets and grocery stores compared to white higher income 

areas after adjusting for population.  

The research on food access is not without flaws.  Different units of analysis are 

often used making comparison of results across studies difficult (i.e., zip code, census 

tract, community).  Also, food store types in commercial data bases like InfoUSA may 

be subject to misclassification.  In addition, studies in this area assume homogeneity of 

food quality exposure and make the assumption that food stores have similar fresh and 

healthful foods available.  They also assume that because people live in certain 

neighborhoods they actually shop and purchase food there.37, 40-43, 45, 46  

Neighborhood Socioeconomic Status and Alcohol Access 

While chain grocery stores and supermarkets are less concentrated in poor 

neighborhoods, liquor stores are often over-concentrated in impoverished 

neighborhoods.37, 43, 44  Several studies in the alcohol literature have shown that 

neighborhood SES is associated with the number of liquor stores in a community.37, 43, 44  

Romley et al. (2007) studied the relationship between neighborhood socioeconomic 

status and alcohol outlet density (i.e., number of liquor stores per zip code) and found 
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the density of liquor stores was greater among predominantly minority, non-whites in 

lower-income areas than among predominantly whites in lower-and higher-income 

areas. 

Bluthenthal et al. (2008) similarly investigated the association between 

community socioeconomic and demographic characteristics and alcohol access in New 

Orleans, Baton Rouge, and Los Angeles.44  Liquor outlets were assessed using two 

measures: outlets per roadway mile, and outlets per census tract. Off-premise alcohol 

outlets were identified through state alcohol control agency files from Louisiana and 

California.  They found that that household poverty was positively associated with the 

number of alcohol outlets per roadway mile after controlling for socioeconomic and 

demographic characteristics. 

In a similar study, Pollack and colleagues (2005) assessed the relationship 

between neighborhood socioeconomic status and alcohol availability among 82 

neighborhoods as part of the Stanford Heart Disease Prevention Program.37  Alcohol 

availability was measured as the density of alcohol outlets, closest distance between an 

outlet and respondent’s home, and the number of outlets within a 0.5 mile radius.  The 

study found that low socioeconomic status neighborhoods had significantly higher 

levels of alcohol outlet density compared to the high socioeconomic status 

neighborhoods.  By contrast, no significant differences were found for on-sale outlets. 

The study may have been underpowered to detect differences for on-sale outlets due to 

the small number of neighborhoods (n=82). 

Studies on alcohol access also have limitations.  Alcohol access is measured in 

different ways in the literature (e.g., distance to outlets, outlets per roadway mile, 
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outlets per square mile, and counts of outlets per census tract), making comparison of 

results across studies difficult.  Also, alcohol access measures assume the same level of 

alcohol availability across stores and ignore issues such as pricing, shelf availability, 

and alcohol policies and local zoning practices which may also affect availability. 

Neighborhood Socioeconomic Status, Food and Alcohol Access 

A few studies have examined whether neighborhood socioeconomic status 

(SES) is associated with both food and alcohol access separately (e.g., SES and food 

access, SES and alcohol access).48, 102  However, these studies did not statistically test 

the association between food access and alcohol access.  For example, Morland et al. 

(2002) compared the neighborhood characteristics and food and alcohol environments 

of census tracts (n=216 Census tracts) in Mississippi, North Carolina, Maryland, and 

Minnesota.102  Morland found that supermarkets were more prevalent in high income 

tracts compared to low income tracts after controlling for population density and study 

site.  Further, lower income neighborhoods had three times as many bars/taverns than 

high income neighborhoods.  Zenk and colleagues (2006) investigated the relationship 

between neighborhood characteristics and the access to food and liquor stores among 

four communities in Detroit, Michigan.48  Food and alcohol outlet information were 

identified through the Michigan Department of Agriculture and included grocery and 

liquor stores. They found that the less affluent African American community had more 

liquor stores and fewer grocery stores compared to the other three middle income 

racially-mixed communities.  However, Zenk and colleagues did not have sufficient 

power to examine whether number of chain supermarkets and grocery stores was 

associated with number of liquor stores. 
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Why Are There More Liquor Stores than Food Stores in Poor Neighborhoods?  
 

Various explanations have been given for why fewer chain grocery stores and 

more liquor stores may be present in poor neighborhoods.  For example, supermarkets 

and larger-scale grocery store chains may chose not to locate in impoverished 

neighborhoods where crime rates are typically higher.21, 103-106  In addition to crime 

concerns, stores may be concerned about their profit margins.46  Retailers may perceive 

that they may not gain as much profit from sales in poor neighborhoods as more 

affluent neighborhoods.  When major chain stores choose not to locate in poor 

neighborhoods, other businesses also may be reluctant to locate in these 

neighborhoods.107, 108  Liquor stores may thrive in these types of neighborhoods because 

they face little competition from other stores.107, 108 

Summary 

In summary, no studies in the current diet and alcohol literatures to date have 

examined the association between food and alcohol access and whether the relationship 

between food and alcohol access differs by neighborhood characteristics.  Our study 

examined the relationship between food and alcohol access and neighborhood 

socioeconomic status in a large predominantly metropolitan county in Minnesota.  In 

Minnesota, alcoholic beverages with alcoholic content greater than 3.2% are sold only 

in liquor stores.   

The absence of studies regarding the relationship between food and alcohol 

access may be in part due to a myopic focus on studying diet outcomes and alcohol-

related health outcomes, separately.  Researchers independently may be studying 

similar urban environments, while ignoring overlapping and similar neighborhood 
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social conditions that may affect both diet and drinking behavior (i.e, poverty, low 

proportion of grocery and supermarkets to liquor stores in poor neighborhoods). 

Aims and Hypotheses 

In light of current gaps in the literature on neighborhood socioeconomic status 

and food and alcohol access, the primary research questions in Manuscript 2 were:  

 (1) Is there a relationship between food access (i.e., number of grocery stores and 

supermarkets) and alcohol access (# of liquor stores) in neighborhoods? 

(2) Does the relationship between food and alcohol access vary by neighborhood 

socioeconomic status? 

We hypothesized that: 1) number of food stores would be negatively associated 

with number of liquor stores (e.g., fewer supermarkets and grocery stores would be 

associated with more liquor stores), and 2) the negative relationship between food and 

alcohol access would be stronger in poorer neighborhoods.  In our study, neighborhood 

food and alcohol access refer to the physical availability of food and liquor stores within 

one’s neighborhood.37, 40-46  Hypotheses are based on the social ecological model which 

suggests that aspects of the social environment such as neighborhood socioeconomic 

status are related to food and alcohol access. 109  A detailed discussion of the ecological 

model was presented in the overview section.   

A better understanding of shared food and alcohol environments may improve 

the overall health of populations.  Such studies will be important in achieving national 

health goals such as reducing major chronic disease burden, improving population 

health, and decreasing health disparities.15, 16, 52, 53 
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Methods 

Data 

Data for our study were drawn from two main sources:  the U.S. Census (2000) 

and InfoUSA Business Dataset (2002). Census Decennial data were acquired from the 

U.S. Census to assess neighborhood socioeconomic status (Summary Files 1 and 3).70  

Data from the InfoUSA business dataset were used to estimate GIS-derived counts of 

food and liquor stores (n=497).110  InfoUSA included geocoded information on food 

stores (supermarket and grocery stores, fruit and vegetable markets, super-centers) and  

liquor stores.110  We linked the two sources by census tract codes in Hennepin County, 

Minnesota.  

There are several advantages to using InfoUSA for the identification of food and 

liquor stores.  The vast majority of food and liquor stores in InfoUSA have geocoded 

locations and therefore can be mapped and analyzed (99.1% overall match rate for 

accuracy of addresses; 6993/7050 addresses matched to a geocode).  Also, InfoUSA is a 

widely accepted source for obtaining accurate information about the locations of retail 

stores.111, 112  In addition, InfoUSA also has been used in several studies that examine 

the neighborhood food environment. 40, 47, 113-116  Finally, InfoUSA is comparable to 

other commercial databases in terms of food retail coverage.  Forsyth and Lytle (2009) 

compared total number of food outlets in InfoUSA data (2006) against another 

commercial database (Dunn and Bradstreet) and a local business licensing dataset for 50 

zip codes in Minnesota.117  Correlations were high between the two commercial sources 

(r=0.96) and reasonable between InfoUSA and the state business license sources 
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(r=0.70).117  Other sources were considered for identifying liquor stores such as state 

licensing information, but these data were unavailable for 2002. 

Study Design 

A cross-sectional ecological study design was used to test study hypotheses.  

Ecological study designs are appropriate for studying population level data such as ours.  

However, ecologic studies are subject to ecologic fallacy, a potential source for bias in 

these studies, i.e., improper inference about individual associations measured only at the 

aggregate or population level.118  In this study, we were interested in how food and 

alcohol access are related in poor neighborhoods.  We do not infer that the number of 

liquor stores relative to number of grocery stores in poor neighborhoods leads to 

excessive drinking.  

The main unit of analysis was the census tract, a land area that typically contains 

on average of 1,000 households or on average 4,000 persons.119  There are several 

reasons why the census tract is an appropriate unit of analysis.  First, census tracts are 

defined by the U.S. Census Bureau as small relatively homogeneous geographical units 

with respect to population characteristics, economic status, and living conditions.70 

Second, smaller geographical units such as census tracts (approximately 4,000 

persons)70 are known to be associated with health behaviors and outcomes.11, 120  Third, 

these administrative areas mirror the sizes of actual neighborhoods.98  Furthermore, data 

for census tracts provide a wealth of information on socioeconomic characteristics (e.g., 

poverty level, education, income levels).  Consideration was given to using a smaller 

geographic unit such as the census block group (consists on average of about 1000 
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households), but we were concerned that the number of food and alcohol outlets per 

census block group would be too few. 

Study Neighborhoods 

Study neighborhoods were operationalized as all 298 census tracts in the 

Hennepin County Metropolitan Area (Census 2000).70  The Hennepin County 

Metropolitan Area contains the Minneapolis metropolitan area and surrounding 

suburbs; it is 557 square miles and has a population of about 1,140,988 people or 

456,129 households.70  In addition, these areas overlap the sampling frame for the 

SHAPE study of adults described in Manuscripts 1 and 3.  

Measures 

Alcohol and Food Access.  The number (i.e., count) of off-sale liquor stores 

within each census tract was used to measure alcohol access (e.g., stores selling 

alcoholic beverages for consumption off the premises), while the number (i.e., count) of 

food stores within each census tract was used to measure food access.  Alcohol access 

served as the dependent variable and food access was the primary independent variable. 

We used the North American Industry Classification System codes (NAICS #, 

2002) to classify liquor and food stores (See Appendix C).  Food store categories 

included supermarket and grocery stores (NAICS Code #445110), fruit and vegetable 

markets (#44523), and supercenters (#445211).110  We included fruit and vegetable 

markets and supercenters because they are known to carry healthful foods such as fruits 

and vegetables.121, 122  NAICS codes have been widely used in previous studies of 

grocery stores and alcohol outlets.47, 113, 114  Additionally, NAICS codes are routinely 
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updated by the U.S. federal government to account for changes in how businesses are 

classified to minimize misclassification errors.110 

Neighborhood SES.  The primary measure to assess neighborhood SES was 

median annual household income (% less than $15,000).  We selected this measure 

because it has been widely used in previous ecological studies that  examined the 

association between neighborhood SES and food access or neighborhood SES and 

alcohol access.18, 20, 42, 94, 95, 98, 113, 123-127  In addition, we explored the use of other 

indicators of neighborhood SES such as education (% less than high school, % high 

school graduate, % some college, % college graduate or higher), and poverty (% 

poverty). 

Other covariates.  Secondary demographic covariates included neighborhood 

racial/ethnic concentration (% Non-Hispanic Asian Pacific Islander; % Non-Hispanic 

Black; % Hispanic; % Non-Hispanic White; % Non-Hispanic Other) and population 

(per census tract).  In addition, we measured commercial land use area (square miles) 

from parcel data provided by the Metropolitan Council (2000).128 Studies have shown 

that these variables are associated with food and alcohol outlet availability.18, 20, 42, 94, 95, 

113, 124-127 

Analyses 

First, to test the hypothesis that number of food stores would be negatively 

associated with number of liquor stores, we used Poisson regression (e.g., counts of 

grocery stores and supermarkets and counts of liquor stores).  Alcohol access served as 

the dependent variable and food access was the primary independent variable.  Second, 

to test the hypothesis that the relationship between lower food access and higher alcohol 
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access would differ by neighborhood SES, we stratified our analysis by neighborhood 

SES and used Poisson regression.  All models were adjusted for potential confounding 

variables (e.g., neighborhood racial/ethnic concentration and commercial land use). We 

included total population as an offset to control for census tract population.  All 

analyses were conducted in SAS version 9.2 (SAS, Cary, NC) 129 and ArcGIS 9.3 (Esri, 

Redlands, CA).130  Poisson models were conducted using SAS PROC GENMOD.129   

In addition, spatial autocorrelation for the dependent variable (number of liquor 

stores within census tracts) was evaluated by using the Moran’s I spatial autocorrelation 

tool in ArcGIS 9.3.130  Spatial autocorrelation refers to measure of the degree to which a 

set of spatial features with similar attribute values tend to be clustered together in space, 

therefore it is important to account for this possible issue.130  We found that the number 

of liquor stores was not spatially correlated among adjacent neighborhoods (i.e., nearby 

neighborhoods did not have similar numbers of liquor stores;  Moran’s I = 0.08).130  In 

general, a Moran's Index value near +1.0 indicates clustering while an index value near 

-1.0 indicates dispersion.130  Since spatial autocorrelation was near zero in this study, 

we did not adjust for spatial autocorrelation in our analyses.21  Also, we explored 

overdispersion for Poisson models, but this was not an issue (e.g., presence of greater 

variability in dependent variable than expected). 
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Results 

Demographic Characteristics of Study Neighborhoods 

Our neighborhoods or census tracts were on average more highly educated and 

less racially and ethnically diverse than national estimates.  Study neighborhoods had 

higher median household income levels ($53,000) than the approximate $42,000 

national average (Table 3.1).70 

There were 152 off-sale liquor stores and 301 supermarkets and grocery stores 

in Hennepin County (Table 3.1).  In addition, there were 15 fruit/vegetable markets and 

29 super-centers that included large outlets with groceries or membership warehouse 

stores (Table 3.1).  The map in Figure 3.1 shows where food and liquor stores were 

located in the county.  In general, food and liquor stores were located in more populated 

areas of the county. 

Multivariate Analyses 

Food and alcohol access.  Number of food  stores was not significantly 

associated with  number of liquor stores in pooled analyses (Table 3.2).  Covariates 

such as neighborhood racial/ethnic composition and population were also not 

significantly associated with alcohol access. 

Food  access, alcohol access, and neighborhood SES.  However, the 

relationship between food and alcohol access varied by neighborhood SES (Table 3.2).  

Number of food stores was positively associated with the number of liquor stores 

among higher income neighborhoods (Table 3.2).  This was not the case for lower 

income neighborhoods, where we observed no association between number of food 



 

48 
 

stores and number of liquor stores.  We also examined whether other indicators of 

neighborhood SES might modify the relationship observed between food and alcohol 

access.  The relationship between number of food and liquor stores also differed by 

neighborhood education, with neighborhoods with higher levels of education having 

both more food and liquor stores (data not shown). 

Discussion 

We hypothesized that number of food stores would be negatively associated 

with number of liquor stores (i.e., fewer food stores would be associated with more 

liquor stores) and that the relationship between food and alcohol access would vary by 

neighborhood socioeconomic status.  We found that number of food stores was 

positively associated with number of liquor stores in high income SES census tracts 

only. 

There are several reasons why supermarkets and grocery stores may reside in 

similar areas as liquor stores in high income neighborhoods.  First, businesses owners or 

investors in food and alcohol stores may select neighborhoods that may have strong 

consumer vitality and economic sustainability as well as be zoned for commercial 

use.128, 131  Second, food and alcohol retailers may choose to locate in business districts 

close to neighborhoods with higher real estate values and disposable income.  Plantinga 

and Bernell (2007) suggest that household income and real estate values are higher at 

locations closer to central business districts.132  Third, city planners may propose goals 

and set policies for land use that bring in businesses to certain areas, (e.g., higher 

income neighborhoods).  In the city of Minneapolis, urban planners have adopted land 

use plans to “develop and maintain a land use pattern that strengthens the vitality, 
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quality and urban character of its downtown core, commercial corridors, industrial 

areas, and neighborhoods.”131 

We did not find a negative association between number of food stores and 

number of liquor stores in lower income neighborhoods.  One explanation for this 

finding is that low income neighborhoods in Hennepin County are less impoverished 

and have a greater mix of retail businesses than low income neighborhoods in other 

regions of the country.  On average, our study neighborhoods had higher median 

household income levels ($53,000) than the approximate $42,000 national average.  

Additional analyses also showed that 34% of low income census tracts had 

supermarkets, grocery stores, and liquor stores; only 9% had liquor stores but no 

supermarkets and grocery stores (data not shown). 

Our findings add to a growing body of research in the diet and alcohol literatures 

that have examined food and alcohol access issues separately in the U.S.37, 40-46, 48  Our 

findings suggest that food and alcohol access issues are linked and should be treated as 

related rather than distinct public health issues.  Studies that do so may advance 

research in both the diet and alcohol fields and encourage greater collaboration among 

diet and alcohol researchers.  For example, studies examining the link between food and 

alcohol access may further understanding of what constitutes a ‘healthy mix’ of food, 

alcohol, and other types of retail stores in neighborhoods  and what mix of food and 

liquor stores is associated with poor diet and heavy drinking. 

Limitations of this study should be noted.  First, the list of the retail outlets in 

InfoUSA may have been incomplete.  For example, it is possible that we missed some 

food and liquor stores.  InfoUSA datasets are considered the best available data besides 



 

50 
 

direct observation where trained researchers visit all retail outlets.117  Second, we did 

not examine whether other types of businesses, such as fast food restaurants are related 

to greater alcohol access.  Future studies in this area may wish to include full-service 

restaurants and fast food restaurants.  Third, our study is cross-sectional and therefore 

we cannot infer causality, i.e., more food stores leads to more liquor stores or vice-

versa.  Future studies should validate the findings from our research using longitudinal 

data to determine whether an increase in the number food stores leads to an increase in 

liquor stores in neighborhoods. 

Conclusion 

In summary, our findings suggest that food and liquor stores cluster in high SES 

neighborhoods, but not in low income neighborhoods.  Studies are needed to determine 

what constitutes a ‘healthy mix’ of food and liquor stores and what mix of food and 

liquor stores is associated with poor diet and excessive drinking.  Because low income 

neighborhoods may look different across the U.S., future studies may also wish to 

examine the association between food and alcohol access in more impoverished 

neighborhoods than in this study. 
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Table 3.1. Neighborhood and Store Characteristics (n=298 census tracts) 

Variable  Mean Std 
Dev. 

Min. Max. 

Population (per census tract)  3745.6 1515.9 128.0 10020.0 
      
Commercial land use area  
(square miles) 

 0.1 0.1 0.001 0.63 

      
Racial/Ethnic Composition      

Non-Hispanic Asian Pacific Islander 
(%) 

 4.8% 4.1% 0% 26.5% 

Non-Hispanic Black (%)  10.4% 14.3% 0.001% 66.4% 
Hispanic (%)a  4.7% 6.1% 0.5% 34.5% 

Non-Hispanic White (%)  76.2% 23.3% 3.3% 97.3% 
Non-Hispanic Other (%)  3.9% 4.0% 0.5% 48.0% 

      
Socioeconomic Status      
Education      

<High School (%)  11.3% 9.6% 0.0% 48.9% 
High School Grad (%)  22.2% 8.7% 3.0% 42.2% 

Some College (%)  29.8% 5.7% 14.8% 44.7% 
College Grad or Higher (%)  36.7% 17.7% 3.7% 78.7% 

      
Household Income      

<$15,000 (%)  11.6% 10.7% 0.0% 51.5% 
$15,000-$24,999 (%)  10.7% 5.8% 0.0% 28.7% 

$25-$49,999 (%)  27.8% 8.8% 3.3% 57.1% 
$50-$74,999 (%)  20.7% 6.3% 0.0% 35.1% 

$75,000 or higher (%)  29.2% 18.4% 0.0% 83.8% 
      
Poverty Level      

< Poverty Level (%)b  9.9% 11.3% 0% 51.9% 
      
Store Characteristics     
 n 

# 
stores 

    

Liquor Stores (Off-Sale) 152 0.5 0.8 0 5 
Supermarkets and Grocery Stores c 301 1.0 1.2 0 9 

Fruit/Vegetable Markets 15 0.05 0.31 0 3 
Super-centersd 29 0.10 0.35 0 2 

 
a. Hispanic is not a mutually exclusive category. 
b.The 1999 Federal Poverty Level for a household of 4 is $17,029. 
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c.Includes chain supermarkets and grocery stores. 
 d.Includes supercenters, large outlets with groceries, or membership warehouse stores (e.g., 

Target, Walmart, Kmart, Costco and Sam’s Club).
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Table 3.2. Relationship between Food Access and Alcohol Access by Socioeconomic 
Status 

Study Variables 
 

 
 

Pooled Low SESa 

 
High SES 

 

 
Relative Riskb 

(95%CI) 
Relative Riskc 

(95%CI) 
Relative Risk 

(95%CI) 
 

Supermarkets and 
Grocery Stores(counts) 

 
1.10 

(0.97,1.24) 

 
0.93  

(0.80,1.08) 

 
1.47*** 

(1.21,1.80) 
 

CI=Confidence Interval   ***p<0.0001. 
a. Low and high SES are median splits based on % <$15,000 household income levels.    
b.Adjusted for education, household income, commercial land use area, and racial/ethnic composition 
(% Hispanic).  
c. Stratified models adjusted for commercial land use area and racial/ethnic composition (% Hispanic).  
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Figure 3.1. Map of Liquor Stores, Supermarkets and Grocery Stores, Fruit and 
Vegetable Markets, and Supercenters in Hennepin County by Census Tract  

 



 

55 
 

Chapter 4. Manuscript 3. Does the Retail Environment Mediate the Effects of 

Neighborhood Socioeconomic Status on Excessive Drinking? 

 
Objective.  Our study examined whether select neighborhood social conditions 

are associated with excessive drinking.  We hypothesized that living in a neighborhood 

with lower socioeconomic status would be associated with higher alcohol consumption 

after controlling for individual level socioeconomic status.  Further, we hypothesized 

that the relationship between neighborhood SES and alcohol consumption would be 

mediated by alcohol outlet density or retail mix.  

 

Methods.  We used two self-report measures to assess excessive drinking: binge 

drinking and volume of alcohol consumed in a multi-ethnic sample of 9,959 adults.  We 

measured neighborhood SES as median annual household income based on U.S. Census 

data.   Alcohol outlet density was measured using the number (i.e. count) of liquor 

stores divided by the census tract area (square miles).  The mix of liquor and food stores 

in neighborhoods was assessed using a categorical variable based on the number (count) 

of liquor and number of food stores using data from InfoUSA.  Weighted hierarchical 

Poisson and linear regression were used to test study hypotheses.  

 

Results.  Neighborhood SES and alcohol outlet density were not associated with 

excessive drinking.  However, retail mix was associated with binge drinking.  

Individuals living in census tracts with only liquor stores had a 46% higher risk of binge 

drinking than individuals living in neighborhoods with only food stores only.   

 



 

56 
 

 Conclusion.  Neighborhood characteristics such as retail mix may partly explain 

rates of excessive drinking in communities.  Future research on social conditions 

influencing alcohol consumption should explore the mix of stores, not just the over-

concentration of liquor stores in neighborhoods. Our finding on the relationship 

between retail mix and binge drinking has not been previously reported. 
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Background and Significance  

Introduction 

In Manuscript 1, we found that low fruit and vegetable intake was associated 

with higher alcohol consumption and that the association was more pronounced among 

the poor.  Manuscript 1 thus focused on the role of individual level variables, such as 

socioeconomic status and lifestyle factors or relationships A and F in Figure 1.1 (See 

Overview).  In Manuscript 2, we examined the neighborhood characteristics of poor 

neighborhoods (i.e., food and alcohol access, neighborhood SES) and found that the 

relationship between food and alcohol access differed by neighborhood SES, with 

higher income neighborhoods having more supermarkets and grocery stores and liquor 

stores.  Manuscript 2 focused on ecological relationships B and C in Figure 1.1 (See 

Overview).  However, Manuscripts 1 and 2 did not test the multi-level relationships 

between and neighborhood level and individual level factors and excessive drinking. In 

Manuscript 3, we did so (i.e., so. relationships A, B, C, D, E, and F).  We specifically 

examined whether neighborhood SES was related to excessive drinking after taking into 

account individual SES.  Further, we examined whether features of the retail 

environment mediated the relationship between neighborhood SES and excessive 

drinking. 

Neighborhood SES and Excessive Drinking 

Features of the neighborhoods where people live may contribute to excessive 

drinking.  Two neighborhood characteristics in particular may be important in 

understanding alcohol consumption--neighborhood socioeconomic status (SES), and the 

retail environment in neighborhoods (e.g., alcohol outlet density and the mix of liquor 
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and food stores).  Studies have found that living in a low SES neighborhood is 

associated with higher alcohol consumption.22, 35-39  In a recent prospective study,  

Cerda and colleagues (2010) found that a one percent increase in proportion of adult 

residents living in poverty was associated with an 86% increase in odds of binge 

drinking.35 They also found that neighborhood cumulative poverty (mean percent 

poverty, for 6 time periods from 1985-2001) was significantly associated with a 53% 

increase in number of drinks per week after controlling for individual socioeconomic 

status.  Similarly, Stimpson and colleagues (2007) reported that higher neighborhood 

deprivation was positively associated with higher odds of excessive drinking after 

controlling for age, gender, education, income, employment status, race/ethnicity, 

marital status, body mass index, and number of chronic conditions.39 

Neighborhood Retail Environment and Excessive Drinking 

One potential explanation for the higher levels of excessive drinking in low SES 

neighborhoods is that liquor stores are often over-concentrated in low SES 

neighborhoods,37, 43, 44, 125, 133  and higher alcohol outlet density (i.e., number of alcohol 

outlets per population) is associated with higher levels of alcohol of consumption.20, 94-97  

Thus, alcohol outlet density may mediate the relationship between neighborhood SES 

and alcohol consumption.  Romley et al. (2007) studied the relationship between 

neighborhood socioeconomic and alcohol outlet density (i.e., number of liquor stores 

per zip code) and found the density of liquor stores was greater among predominantly 

minority, non-white lower-income areas than among predominantly white lower-and 

higher-income areas.  Schonlau and colleagues (2008) examined the relationship 

between the density of off-premise alcohol outlets and alcohol consumption in Los 
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Angeles County and Southern Louisiana and found that the density of off-premise 

alcohol outlets within census tracts and within 1 mile buffers in Louisiana was 

positively associated with alcohol consumption after adjusting for age, race/ethnicity, 

gender, and household income.95  Truong and Sturm (2007) in the largest study to date 

examined the relationship between alcohol outlet density and heavy drinking among 

36,953 adults within 1,600 census tracts and found that the number of on-sale 

establishments was associated with heavy drinking episodes after controlling for 

employment, marital status, education, age, race/ethnicity, and household income;94  

however, off-sale outlet density was not associated with heavy drinking. 

Although studies in the alcohol literature suggest that alcohol outlet density may 

mediate the relationship between low neighborhood SES and alcohol consumption, only 

one study that we are aware of has tested this hypothesis.  Pollack and colleagues found 

a positive association between neighborhood SES and heavy drinking, however alcohol 

outlet density was not significantly associated with heavy drinking, and thus did not 

mediate the relationship between neighborhood deprivation and heavy alcohol 

consumption.37  The study by Pollack however did not test whether other aspects of the 

retail environment mediated the relationship between neighborhood deprivation and 

heavy drinking.  

Other aspects of the retail environment such as the mix of liquor and food stores 

may be particularly important in understanding excessive drinking in low SES 

neighborhoods, but no studies to date have tested this hypothesis.  As previously 

mentioned studies in the alcohol literature have found that low SES neighborhoods tend 

to have more liquor stores. 37, 43, 44, 125, 133  Studies in the food literature suggest that low 
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SES neighborhoods also tend to have fewer chain grocery stores.19-23  Powell et al. 

(2007) investigated the association between neighborhood median household income, 

racial/ethnic neighborhood composition, and density of food retail outlets in the U.S. 

(n=28,050 zip code areas).41  Powell and colleagues found that low-income areas had 

significantly fewer chain supermarkets than middle-income and high-income zip codes 

after controlling for neighborhood racial/ethnic composition.  Moore and Diez-Roux 

(2006) also examined the association between neighborhood socioeconomic 

characteristics and food retail store density and found that the lowest-income tracts had 

significantly fewer supermarkets, natural food stores and specialty food stores, but more 

small-scale grocery stores than the highest income tracts.40  When low SES 

neighborhoods have many liquor stores and few or no chain food stores, heavy drinking 

may be more likely to be viewed as acceptable behavior and alcohol may take priority 

over making healthy lifestyle choices.   

Aims and Hypotheses  

In this manuscript, we examined whether living in neighborhoods that are low 

SES was associated with excessive drinking after controlling for individual 

socioeconomic status.  Further, we examined whether retail environment factors such as 

alcohol outlet density or retail mix would mediate the relationship between 

neighborhood SES and alcohol consumption in a large urban county in Minnesota.  In 

Minnesota, beverages with alcohol content greater than 3.2% are only sold in liquor 

stores.  We hypothesized that living in a neighborhood with lower socioeconomic status 

would be associated with higher alcohol consumption after controlling for individual 
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SES, and the relationship between neighborhood SES and alcohol consumption would 

be mediated by alcohol outlet density or retail mix. 

Our study builds on current research on neighborhood characteristics and 

drinking behavior.  While previous studies have examined the relationship between 

neighborhood SES and drinking behavior,22, 35-39 no studies have explored how the mix 

of liquor and food stores may mediate the relationship between neighborhood SES and 

alcohol consumption.  Results from our study will therefore further understanding how 

the larger retail environment in neighborhoods affects drinking behavior.  

Methods 

Data 

Individual level data.  Individual data for this study were drawn from the 2002 

Survey of the Health of Adults, the Population, and the Environment (SHAPE), which 

was designed to examine individual, social, and environmental factors that affect the 

health of Hennepin County residents in Minnesota.  A comprehensive discussion on the 

data was provided in Chapter 2, Manuscript 1.  

Neighborhood level data.   Neighborhood level data on Hennepin County where 

SHAPE respondents resided were drawn from two main sources:  the U.S. Census 

(2000) and InfoUSA Business Dataset (2002).  These sources of data were described in 

detail in Chapter 3, Manuscript 2. 

Study Design  

A cross-sectional, multilevel study design was used to test our study hypotheses. 

Multilevel study designs permit the researcher to analyze characteristics at the level of 



 

62 
 

the individuals (e.g., alcohol consumption) and at the level of the neighborhoods (e.g., 

retail environment) simultaneously, while also accounting for the correlation of 

individuals within neighborhoods. 

Measures 

Individual Level Measures  

Dependent variables.  Alcohol consumption served as the primary dependent 

variable. Two measures of excessive drinking were used: binge drinking and volume of 

alcohol consumed.  Binge drinking was selected to characterize excessive alcohol 

drinking patterns and was defined as consuming five or more drinks during a single 

occasion in the past 30 days and was assessed by asking respondents: “Considering all 

types of alcoholic beverages, how many times during the past 30 days did you have five 

or more drinks on an occasion?“73, 74  We focused on this drinking pattern because 

volume alone may not adequately capture excessive drinking patterns such as binge 

drinking.75, 76  Alcohol volume was defined as the number of drinks per day in the past 

month and was derived by multiplying the quantity of drinks consumed per day by the 

frequency of drinking days.  Respondents were asked two questions: “”During the past 

30 days, how often have you had at least one drink of any alcoholic beverage?” and “On 

the days when you drank, about how many drinks did you drink on average?” The 

quantity-frequency method is a widely-used approach for measuring alcohol use in the 

general population and has been used in previous studies examining diet and alcohol 

consumption.1-4  

Covariates. Covariates included age, gender, race/ethnicity (Hispanic, Non-

Hispanic White, Non-Hispanic U.S. born Black, African, Asian Pacific Islander, 
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Southeast Asian, American Indian), education (< High School, High School Grad, 

Some College, College Grad or Higher), household income (<$25,000, $25k-$49,999, 

$50k-$74,999, $75,000 or higher), immigrant status (born outside of U.S., U.S. 

Citizen), and marital status (Married or Unmarried Couple, 

Separated/Divorced/Widowed/Other, Never Married).  These variables served as 

covariates in the adjusted models because studies have shown that these variables are 

related to alcohol use.2, 25, 26, 81-84  In addition to demographic variables, we also 

controlled for lifestyle factors such as fruit and vegetable intake, because a prior 

analysis using SHAPE data found that fruit and vegetable intake was significantly 

associated with alcohol consumption (Shimotsu et al., under review). 

Neighborhood-Level Measures  

Neighborhood SES and the neighborhood retail environment were the primary 

independent variables.  Below we described how these variables were measured. 

Neighborhood SES.  The primary measure to assess neighborhood SES was 

median household income (% less than $15,000).  We selected this continuous measure 

because it has been widely used in previous multilevel studies that examined the 

association between neighborhood SES and alcohol consumption.22, 35-39  In addition, 

we examined the use of other indicators of neighborhood SES such as education (% less 

than high school, % high school graduate, % some college, % college graduate or 

higher), and poverty (% poverty). 

Retail Environment.  Two measures of the neighborhood retail environment 

were used:  alcohol outlet density and the mix of liquor and food stores.  To measure 

alcohol outlet density, we constructed a measure that computed the number (i.e. count) 
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of liquor stores divided by the census tract area (square miles).  This variable served as 

alcohol outlet density measure because the measure is widely used to examine alcohol 

availability and drinking.18, 37  To measure the mix of liquor and food stores, we 

constructed a categorical variable based on the number (count) of liquor stores and 

number (count) of food stores by census tract (liquor stores only, food stores only, both 

liquor and food stores, neither liquor stores nor food stores).  We used the North 

American Industry Classification System (NAICS) codes to classify liquor and food 

stores. Food store categories included supermarket and grocery stores (NAICS Code 

#445110), fruit and vegetable markets (#44523), and supercenters (#445211).110  We 

included fruit and vegetable markets and supercenters because they are known to carry 

healthful foods such as fruits and vegetables.121, 122  NAICS codes have been widely 

used in previous studies of grocery stores and alcohol outlets.47, 113, 114  Additionally, 

NAICS codes are routinely updated by the U.S. federal government to account for 

changes in how businesses are classified to minimize misclassification errors.110 

Analyses 

First, we used separate unadjusted and adjusted Poisson regression models to 

test the hypothesis that living in a neighborhood with lower socioeconomic status would 

be associated with higher alcohol consumption after controlling for individual level 

SES.  Given that binge drinking was not rare (16.7%), we used Poisson regression to 

estimate effects.86  We ran separate unadjusted and adjusted Poisson models to compute 

risk ratios and 95% confidence intervals.  Our primary dependent variable was excessive 

drinking and our primary independent variable was neighborhood SES.  Second, 

separate Poisson models were fit including retail environment variables to test the 
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hypothesis that the relationship between neighborhood SES and alcohol consumption 

would be mediated by alcohol outlet density or retail mix,134, i.e., the relationship 

between neighborhood SES and excessive drinking would disappear or be reduced after 

the inclusion of retail environment variables in the models.  We fit separate models for 

alcohol outlet density and retail mix because these variables were too highly correlated 

and would only enable us to analyze areas with some liquor stores.  Third, we used 

separate unadjusted and adjusted linear regression to estimate effects for the association 

between neighborhood SES and alcohol volume; additionally, we fit separate models 

including retail environment variables to test our second hypothesis.  We included a 

random intercept for census tract to account for the clustering of individuals within 

census tracts.  All individual estimates were weighted to account for the SHAPE 

complex survey design.71, 135  Adjusted models also controlled for individual age, sex, 

education, household income, race/ethnicity, immigrant status, marital status and fruit 

and vegetable intake.  All analyses were conducted in STATA 10.0 (Stata Corporation, 

College Station, TX) using generalized linear latent and mixed models (GLLAMM) 

procedure.85 

We conducted multiple imputation of missing data to account for the high 

number of non-responses for the household income variable (3,362 of 9,959 missing 

responses) using multiple imputation by chained equations (MICE) in STATA to create 

the imputed household income variable.87  The MICE procedure is an iterative process 

using multiple simulations that imputes the most plausible household income value 

based on main study covariates (age, gender, race/ethnicity, immigrant status, 

education, marital status) as well as the main dependent variable (binge drinking).  The 
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iterative process assumes that data are missing at random; that is, that the missingness 

does not depend on unobserved covariates.  This method is appropriate for large sample 

surveys such as ours.88 

Results 

Sample Characteristics 

The SHAPE sample included approximately equal percentages of men and 

women (49% vs.51%).  The mean age of the sample was 43 years. Most respondents 

had household incomes greater than $50,000, and were highly educated (71% some 

college or higher) (Table 4.1).  The sample was also racially/ethnically diverse and 

included Non-Hispanic Whites (70%), Hispanics (5%), Non-Hispanic, U.S. born Blacks 

(14%), Africans (3%), Other Asian/Pacific Islanders (1%), Southeast Asians (3%), and 

American Indians (2%).  Thirteen percent of the sample was born outside of the U.S.  

Adults had a mean intake of four servings of fruits and vegetables per day and 

consumed one half of a drink of alcohol per day.  Over 16% of the respondents had 

engaged in binge drinking in the past 30 days. 

Demographic Characteristics of Study Neighborhoods  

Our neighborhoods or census tracts were on average more highly educated and 

less racially and ethnically diverse than nationally.  Study neighborhoods had higher 

median household income levels on average ($53,000) than the approximate $42,000 

national average (Table 4.1). 70  On average, study neighborhoods had approximately 

less than one alcohol outlet per square mile.  About 31% of census tracts had food 

stores only and 31% of census tracts had neither liquor stores nor food stores. Thirty 
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percent had both liquor stores and food stores and 8% had liquor stores only (See Figure 

4.1). 

 

Multivariate Analyses 

In multi-level analyses, model 1 (Table 4.2), showed that living in a low SES 

neighborhood was not significantly associated with binge drinking.  When we added 

individual SES variables to the model (Model 2), only education and income were 

significantly related to binge drinking.  Individuals with less than a high school 

education were less likely to engage in binge drinking compared to individuals with a 

college degree or higher.  Also, individuals with household incomes of $25,000 to 

$49,000 were less likely than individuals making $75,000 or higher to engage in binge 

drinking. Because neighborhood SES was not associated with binge drinking, we did 

not test whether retail environment variables mediated the relationship between low 

neighborhood SES and excessive drinking. 

Model 3 (Table 4.2), which adjusted for individual SES and other covariates, 

shows that alcohol outlet density was not independently associated with binge drinking; 

However, Model 4 shows that the mix of liquor and food stores in neighborhoods was 

independently associated with binge drinking even after adjusting for individual level 

education, household income, age, sex, race/ethnicity, immigrant status, marital status, 

neighborhood SES, and fruit and vegetable intake (Table 4.2).  Individuals living in 

census tracts with only liquor stores had a 46% higher risk of binge drinking than 

individuals living in neighborhoods with only food stores. 
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Neither neighborhood SES, alcohol outlet density nor the mix of liquor and food 

stores in neighborhoods was associated with volume of alcohol consumed (Table 4.3). 

 

 

Discussion 

We found that neighborhood SES was not associated with binge drinking 

whether we measured neighborhood SES by income or education.  Our results on the 

relationship between neighborhood SES and alcohol consumption are consistent with a 

study by Macintyre (2000) who also did not find an association between higher area 

level deprivation and mean number of  drinks in the past week.136  We did find however 

that individual level measures of socioeconomic status were associated with lower 

alcohol consumption.  In our study, having less than a high school education and a 

lower household income between $25,000 to $49,000 were associated with lower 

alcohol consumption.  Thus, in neighborhoods such as ours, individual SES may be 

more strongly associated with excessive drinking than neighborhood SES.  

 We also found that having liquor stores, but not food stores in neighborhoods 

was independently associated with binge drinking after taking individual factors into 

account.  This finding has not been previously reported.  Neighborhoods with only 

liquor stores and no grocery stores may send a message that excessive drinking is 

appropriate and encourage unhealthy choices.  This may be particularly true for 

individuals with more financial resources in low SES neighborhoods.  

Surprisingly, we did not find that living in a neighborhood with higher alcohol 

outlet density was independently associated with binge drinking or alcohol volume.  
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When alcohol is sold only in liquor stores as in the case of Minnesota, alcohol outlets 

may not become over-concentrated and alcohol may simply be less available.  In 

Hennepin County a majority of census tracts did not have any liquor stores (185 of 298) 

and approximately 2/3 of our sample lived in census tracts without a liquor store 

(n=5,689).  It is important to note that other studies have also reported no association 

between higher alcohol outlet density and higher alcohol consumption.37, 94 

Limitations 

The limitations of our study should be noted.  First, we were unable to determine 

the direction of causality between retail mix and binge drinking given the cross-

sectional nature of our data. Although living in a neighborhood with only liquor stores 

and no food stores was associated with excessive drinking, the reverse may also be true; 

137  individuals with excessive drinking patterns may choose to live in areas with more 

liquor stores.  Future studies may wish to collect information on how individuals chose 

their neighborhoods to address this issue or whether individual drinking behavior 

changes in response to changing neighborhood conditions (e.g., opening a new grocery 

store).  Second, this study assumed that individuals shop in the same census tracts 

where they live, and this may not be the case. Individuals may purchase alcohol outside 

their census tract areas.117  Third, we used a multiple imputation method to account for 

the high number of non-responses for the household income variable. Thus, our results 

may reflect certain reporting bias.  Fourth, we did not assess the social or normative 

environment surrounding drinking (e.g., perceived norms of drinking in 

neighborhoods). Studies have found that more liberal drinking norms are associated 
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with greater alcohol consumption.138, 139  Future studies may wish to include such 

variables.   

Despite these limitations, our study has implications for developing 

interventions to reduce excessive drinking.  Our findings suggest that strategies to 

reduce excessive drinking should focus on the larger retail environment and not just the 

over-concentration of liquor stores in neighborhoods, e.g., encouraging a greater mix of 

retail stores.  Future studies are needed on the appropriate mix of liquor and food stores 

and other businesses in communities. 
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Conclusion 

 Features of the neighborhoods where people live may contribute to binge 

drinking.  One important factor to consider is the mix of liquor and food stores in 

neighborhoods.
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Table 4.1. Characteristics of SHAPE Participants and Neighborhood Level 

Variablesa 

 N Mean (SE)a  
or Percent 

Individual Level   
Total number of Adults 9641  
   
Female (%) 4974 51.6 
   
Age (years) 9641 42.7 (0.3) 
   
Born Outside of the U.S. (%)       1213 12.6 
   
Race/Ethnicityb (%) 9641  

Hispanic 488 5.1 
Non-Hispanic  White 6714 69.6 

     Non-Hispanic U.S. born Black  1321 13.7 
  African 325 3.4 

  Southeast Asian 264 2.7 
Other Asian Pacific Islander  112 1.2 

      American Indian 198 2.1 
Other/Don’t Know 219 2.2 

   
Education (%) 9477  

< High School 594 6.3 
High School Grad 2132 22.6 

Some College 2992 31.5 
College Grad or Higher 3759 39.6 

   
Household Income (%) 9453   

 <$25,000 1403 14.8 
$25k-$49,999 1993 21.1 
$50k-$74,999 2163 22.9 

$75,000 or higher 3894 41.2 
   

Marital Status (%) 9595  
Married or unmarried Couple 5898 61.4 

Separated/Divorced/Widowed/Other 1368 14.3 
Never Married 2330 24.3 

   
Fruit/vegetable Intake   
(mean # servings/ day) 

9753 3.9 (0.06) 

   
Alcohol Consumption   

Binge drinking (%)  1537 16.1 
Volume(mean # drinks/day) 9546 .45 (0.02) 
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TABLE 4.1 CONT’D. 
 
 

  
 

Mean or Percent  
Neighborhood Level Variables   
   
Socioeconomic Status   
Education   

   <High School (%)  11.3% 
High School Grad (%)  22.2% 

   Some College (%)  29.8% 
College Grad or Higher (%)          36.7% 

Household Income   
   <$15k (%)  11.6% 

   $15,000-$24,999 (%)  10.7% 
$25-$49,999 (%)  27.8% 
$50-$74,999 (%)  20.7% 

$75,000 or higher (%)  29.2% 
   
Alcohol Outlet Density (# liquor stores/mile2; mean (SD))  .72 (1.7) 
   
Mix of Liquor and Food Stores     

Liquor Stores only (%)   8.4% 
Liquor Stores and Food Stores (%)  29.5% 

No  Liquor Stores or Food Stores (%)  31.2% 
Food Stores only (%)   30.9% 

   
Abbreviations: -SD-Standard Deviation. SHAPE-Survey of the Health of All the Population and the Environment.  
a Individual level Estimates were weighted to account for the SHAPE complex survey design. 
b All Racial/ethnic  groups were mutually exclusive categories (Non-Hispanics). Hispanic/Latino and race are not mutually 
exclusive; a person of Hispanic/Latino ethnicity may be of any race.  
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Table 4.2 Multi-Level Analyses: Relationships between Neighborhood Level 
Variables and Binge Drinking (Dependent Variable) 

 Model 1 Model 2 Model 3 Model 4 
 RRa (95% CI) RRa,b (95% CI) RRa,b (95% CI) RRa,b (95% CI) 

     
Individual Level 
Variables 

    

Education     
< High School  .69* (.49,.96) .70* (.50,.97) .69* (.50,.97) 
High School Grad  1.01 (.84,1.21) 1.01 (.84,1.22) .99 (.82,1.20) 
Some College  .99 (.83,1.17) .99 (.83,1.17) .99 (.83,1.17) 
College Grad or 
Higher (reference 
group) 

  --  

     
Household Income      
 <$25,000  .82 (.64,1.04) .81 (.64,1.03) .81(.64,1.03) 
$25k-$49,999  .82* (.70,.96) .82* (.70,.96) .82* (.70,.96) 
$50k-$74,999  1.00 (.83,1.19) .99 (.83,1.19) 1.00 (.84,1.19) 
$75,000 or higher 
(reference group) 

 -- --  

     
Neighborhood 
Level Variables 

    

Household Income 
(%<$15k) 

1.88 (.92,3.85) 1.57 (.90,2.75) 1.39 (.81,2.39) 1.39 (.80,2.43) 

     
Alcohol Outlet 
Density  
(# liquor 
stores/mile2) 

  1.03 (.99,1.08)  

     
Mix of Liquor and 
Food Stores  

    

Liquor Stores only     1.46* (1.03,2.07) 
Liquor Stores and 

Food Stores  
   .88 (.75,1.02) 

No Liquor Stores  
or Food Stores 

   .91 (.75,1.09) 

Food Stores only 
(ref) 

   -- 

     
Abbreviations: CI-Confidence Interval. RR-Risk Ratio. SE-Standard Error. *p<0.05.   
Models: Model 1: Model with Neighborhood SES. 
 Model 2: Model with Neighborhood SES and individual covariates. 
 Model 3: Model with Neighborhood Neighborhood SES, Alcohol Outlet Density, and individual covariates. 
 Model 4: Model with Neighborhood Neighborhood SES, Retail Mix, and individual covariates.  
a Estimates were weighted to account for the SHAPE complex survey design. 

bAdjusted models controlled for individual age, sex, education, household income, race/ethnicity, immigrant status, marital status 
and fruit and vegetable intake.
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Table 4.3 Multi-Level Analyses: Relationships between Neighborhood Level 
Variables and Mean number of drinks per day (Dependent Variable) 
    
 Model 1 Model 2 Model 3 Model 4 

 Difference 
(95% CI) a 

Difference 
(95% CI) a,b 

Difference 
(95% CI)a,b 

Difference 
(95% CI)a,b 

     
Individual Level 
Variables 

    

Education     
< High School  -.06 (-.22,.09) -.06 (-.22,.09) -.06 (-.22,.09) 
High School Grad   .09 (-.05,.23)  .09 (-.05,.24)  .09 (-.05,.23) 
Some College   .02 (-.05,.10)  .02 (-.05,.10)  .02 (-.05,.10) 
College Grad or Higher 
(reference group) 

 -- --  

     
Household Income      
 <$25,000  -.03 (-.18,.13) -.03 (-.19,.13) -.03 (-.18,.13) 
$25k-$49,999  -.07 (-.19,.04) -.07 (-.19,.04) -.07 (-.19,.04) 
$50k-$74,999  -.07 (-.16,.01) -.07 (-.16,.01) -.07 (-.16,.01) 
$75,000 or higher 
(reference group) 

  --  

     
Neighborhood Level 
Variables 

    

     
Household Income  
(% <$15k) 

.05 (-.23,.34) .30 (-.06,.66) .25 (-.11,.62) .29 (-.06,.64) 

     
Alcohol Outlet Density  
(# liquor stores/mile2) 

  .02 (-.01,.04)  

     
Mix of Liquor and Food 
Stores  

    

Liquor Stores only     .06 (-.14,.27) 
Liquor Stores  and Food 

Stores  
   .03 (-.08,.14) 

No Liquor Stores  or Food 
Stores 

   -0.0 (-.10,.10) 

Food Stores only (ref)    -- 
Abbreviations: CI-Confidence Interval. RR-Risk Ratio SE-Standard Error.. *p<.05.   
Models: Model 1: Model with Neighborhood SES. 
 Model 2: Model with Neighborhood SES and individual covariates. 
 Model 3: Model with Neighborhood Neighborhood SES ,Alcohol Outlet Density,and individual covariates. 
 Model 4: Model with Neighborhood Neighborhood SES, Retail Mix, and individual covariates.  
a  Estimates were adjusted with survey weights to account for the SHAPE complex survey design. 
b Adjusted models controlled for individual age, sex, education, household income, race/ethnicity, immigrant status, 
marital status and fruit and vegetable intake. 
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Figure 4.1. Map of Census Tracts with Only Liquor Stores in Hennepin County, MN 
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Conclusion 
Overview  

The overarching goal of the dissertation was to test a conceptual model to 

explain excessive drinking (Figure 1.1).  The model suggests that individual and 

neighborhood characteristics are important in understanding alcohol consumption.  At 

the individual level, the model suggests that socioeconomic and lifestyle factors such as 

household income and diet may be critical to understanding excessive drinking.  At the 

neighborhood level, the model suggests that neighborhood SES is associated with 

excessive drinking, and select characteristics such as mix of liquor stores and food 

stores or alcohol outlet density may mediate the relationship between neighborhood 

SES and excessive drinking.  Each manuscript tested a particular aspect of the model. 

Figure 1.1. Conceptual Model Describing the Relationships Between Neighborhood Socioeconomic Status, 
Retail Environment, Individual Level Variables and Alcohol Consumption
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Manuscript 1  

 In Manuscript 1, we examined how individual lifestyle factors such as diet 

explain excessive drinking (relationships A and F in the model).  We hypothesized an 

inverse relationship between fruit and vegetable intake and alcohol consumption and 

that the relationship would differ by SES.  Study hypotheses were tested in a multi-

ethnic sample of 9,959 adults living in Hennepin County, MN using SHAPE data.  The 

SHAPE sample included approximately equal percentages of men and women (49% 

vs.51%).  The mean age of the sample was 43 years. Most respondents had household 

incomes greater than $50,000, and were highly educated (71% Some College or higher) 

(Table 2.1). The sample was also racially/ethnically diverse and included Non-Hispanic 

Whites (69%), Hispanics (5%), Non-Hispanic, U.S. born Blacks (14%), Africans (3%), 

Asian/Pacific Islanders (4%), Southeast Asians (3%), and American Indians (2%). 

Thirteen percent of the sample was born outside of the U.S.   Mean number of drinks 

per day and binge drinking served as our key outcomes.  Key independent variables 

included socioeconomic status and fruit and vegetable intake.   In Manuscript 1, we 

found that higher fruit and vegetable intake was associated with lower alcohol 

consumption and this relationship was significant only among low income individuals. 

Thus, relationships A and F were supported in our model.   

Manuscript 2 

In Manuscript 2, we analyzed the retail environment or food and alcohol 

access, and examined whether alcohol and food access were related (relationship B) and 

whether this relationship differed by neighborhood socioeconomic status (relationships 

B and C).   We hypothesized that number of food stores in each census tract would be 
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negatively associated with number of liquor stores, and that the negative relationship 

between food and alcohol access would be stronger in low SES neighborhoods.  Study 

neighborhoods were all 298 census tracts in the Hennepin County Metropolitan Area.  

Data on food and alcohol access were obtained from InfoUSA.   In Manuscript 2, we 

found that the relationship between food and alcohol access differed by neighborhood 

SES, with higher income neighborhoods having more supermarkets and grocery stores, 

and liquor stores (RR=1.47; 95% CI: 1.21, 1.80).   Thus, we found support for 

relationships B and C in our model.  However, we did not find that lower SES 

neighborhoods had more liquor and fewer food stores as hypothesized. 

Manuscript 3 

Manuscript 3 builds on Manuscript 1 and 2 and examined how environment 

variables such as neighborhood SES and the retail environment are associated with 

drinking after taking individual level factors into account (relationships A,B,C,D,E and 

F). We hypothesized that living in a neighborhood with lower socioeconomic status 

would be associated with higher alcohol consumption after controlling for individual 

SES.  Further, we hypothesized that the relationship between neighborhood SES and 

alcohol consumption would be mediated by alcohol outlet density or retail mix. 

Data from three sources were used to test study hypotheses: individual level data 

from the SHAPE survey (2002), and neighborhood level data using Census (2000) and 

InfoUSA (2002) business data.  Key individual level dependent variables included 

alcohol consumption: volume of alcohol consumed and binge drinking from the SHAPE 

survey.  Key independent neighborhood level variables included SES and the retail 

environment (alcohol outlet density and retail mix).  We measured neighborhood SES 
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as median annual household income using U.S. Census Decennial data.  Alcohol outlet 

density was measured using the number (i.e. count) of liquor stores divided by the 

census tract area (square miles).  The mix of liquor and food stores in neighborhoods 

was assessed using a categorical variable based on number (count) of liquor and number 

of food stores using data from InfoUSA.  Covariates included individual demographic 

and fruit and vegetable intake variables. In Manuscript 3, we found that individuals 

living in census tracts with only liquor stores had a 46% higher risk of binge drinking 

than individuals living in neighborhoods with only food stores (RR=1.46; 95% CI: 

1.03,2.07) after adjusting for individual factors and neighborhood SES.  We did not find 

that neighborhood SES was related to excessive drinking as hypothesized.  Thus, 

relationship E but not D was supported in the model.  

Figure 5.1. describes our revised model (post-analysis) based on study findings.  

Our revised model suggests that more proximal neighborhood characteristics such as 

retail environment may have a greater affect on individual level alcohol consumption 

than measures such as neighborhood SES which may capture many aspects of the social 

environment (e.g, poverty, limited retail 
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environment).

Figure 5.1 Post-Analysis Conceptual Model
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Significance of Findings 

Results from the dissertation are important for several reasons.  Results suggest 

that individual factors are important in understanding alcohol consumption, i.e., health 

behaviors cluster together.  Our findings that the relationship between higher fruit and 

vegetable intake and lower alcohol consumption was stronger among those of lower 

socioeconomic position, but not for individuals with higher household incomes, suggest 

that poor people may be more constrained by their financial resources, and therefore 

may be forced to choose between buying either food such as produce or alcohol.  By 

contrast, more affluent individuals may have the financial stability to buy and consume 

healthful foods as well as alcohol.  Thus, our findings suggest that economic constraints 

may dictate lifestyle choices. 



 

82 
 

Most importantly, our findings also suggest that neighborhood characteristics 

such as retail mix are important in understanding excessive drinking independent of 

individual lifestyle and demographic factors.  Neighborhood characteristics such as the 

mix of liquor and food stores are important because food and alcohol access issues are 

interconnected in certain neighborhoods.  In Manuscript 2, we found that number of 

food stores was associated with number in liquor stores in higher income 

neighborhoods.  Results from the dissertation have not been previously reported. 

Strengths and Limitations 

Several strengths should be noted regarding the dissertation.  First, we tested 

novel hypotheses that have not been previously tested and found support for several of 

them.  Second, we tested the hypotheses in a large multi-ethnic group of individuals 

from Hennepin County, Minnesota (n=9,959) and the data were robust to answer our 

proposed research questions.  Third, we used new measures of the retail environment to 

understand how the mix of food and liquor stores can shape drinking behavior.  

The dissertation has several limitations.  First, the cross-sectional design limited 

our ability in making causal inferences.  For example, although we found a relationship 

between retail mix and drinking behavior, we recognize also that the reverse may be 

true.137  Individuals with higher excessive drinking patterns may choose to live in areas 

with greater access to liquor stores and fewer supermarkets.  Future studies may collect 

information on how individuals chose their neighborhoods to address this issue. 

 Second, the study used a telephone-based survey method which may not 

capture individuals without land line telephones.140  Telephone coverage has been found 

to be lower among poorer households; thus, lower income respondents may be 
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underrepresented in the SHAPE sample.  However, this landline approach is a widely 

accepted approach for population samples.  In addition, non-response in telephone 

surveys is considered a lesser threat for bias than face-to face surveys since telephone 

hang ups, the largest type of non-response most often happen before the survey has ever 

been conducted.93 

Third, the list of the retail outlets in InfoUSA may have been incomplete.  For 

example, it is possible that we missed some food and liquor stores.  InfoUSA datasets 

are considered the best available data besides direct observation where trained 

researchers visit all retail outlets.  

Fourth, the SHAPE survey used only two of the six items from the Behavioral 

Risk Factor Surveillance System (BRFSS) to measure fruit and vegetable intake. 

Although the SHAPE measure of fruit and vegetable consumption included two items, 

the mean estimates of fruit and vegetable intake (servings/day) were reasonably 

comparable to 2002 BRFSS estimates (SHAPE (mean =3.9) vs. U.S. (mean=3.4)).91, 92  

Future studies may wish to replicate our study using the entire battery of fruit and 

vegetable items from the BRFSS.   

 Fifth, we did not examine whether other types of businesses, such as fast food 

restaurants were related to greater alcohol access.  Future studies in this area may wish 

to include full-service restaurants and fast food restaurants.   

Sixth, we did not assess the social or normative environment surrounding 

drinking (e.g., perceived norms of drinking in neighborhoods). Studies have found that 

more liberal drinking norms are associated with greater alcohol consumption.138, 139  
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 Seventh, for the analyses, the household income variable was imputed for 

observations with missing data (n=3,362).  Because this represented a large proportion 

of our data, we conducted the same analyses and excluded individuals with missing 

household income data.   

Finally, results from this dissertation may not be generalizable outside of 

Midwestern settings or populations.  Future studies may wish to test our hypotheses in 

other cities across the country and to examine a wider range of income levels in the 

population.  Our sample had a relatively higher income than the national average, with 

more than 60% of the population with an income of more than $50,000. 

Implications for Interventions and Policies 

Results from the dissertation have several implications for interventions and 

policies to improve health. 

Interventions.  Our results suggest that interventions that target individuals of 

lower socioeconomic status should focus on multiple healthful behaviors 

simultaneously.141  Intervention programs should develop strategies that further 

encourage and support healthy drinking and dietary practices as well. 

Second, results further suggest that population level interventions should target 

behaviors at several levels: at the individual as well as at the neighborhood level.  In our 

study, we found that neighborhood factors indeed matter for excessive drinking 

behavior above and beyond individual factors.  Intervention programs that integrate 

neighborhood or environmental strategies contemporaneously with individual level 

practices may have greater impact on multiple health behaviors, and in turn, overall 

health outcomes.109, 141 
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Policies.  In addition to recommendations for intervention programs, results 

from the dissertation have several implications for policy-making.  Our findings suggest 

that strategies to reduce binge drinking should focus on the number of liquor and other 

types of stores, and not just the over-concentration of liquor stores in neighborhoods.  It 

may be the case that land use policies that restrict the number of liquor stores within 

neighborhoods or moratoriums on new liquor licenses may not be enough to decrease 

binge drinking.  Introduction of other retail businesses such as grocery stores and major 

chain supermarkets that carry fresh fruits and vegetables may decrease the risk of 

excessive drinking in neighborhoods with only off-sale liquor stores.  Providing local 

communities with redevelopment funding or business plan support may encourage 

small businesses to locate in neighborhoods with only liquor stores.  Second, our 

findings suggest there is a need for better coordination of alcohol and food policies at 

the local level.  Programs for local communities should develop integrated strategies 

that retain and incorporate variety of businesses as opposed to only liquor outlets.  Land 

use policies that encourage retail mix of food stores and liquor stores may reduce binge 

drinking in neighborhoods. 
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_____  The proposed activities are a) not a systematic investigation and/or b) not designed to develop or 
contribute to generalizable knowledge [45CFR46.102(d)]. 
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_____ Although IRB review may not be required for case studies, you still may have HIPAA 
obligations.  Please contact the Privacy Office at 612-624-7447 for their requirements.    
 
__X__ Researchers will not obtain private identifiable information from living individuals [45 CFR 
46.102(f)]. 
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96 
 

 
Appendix B: SHAPE Study Geographic Sampling Strata and List of Areas 
 

 
Minneapolis 
1 Calhoun Isles 
2 Camden 
3 Central 
Longfellow Total 
4 Longfellow-A 
5 Longfellow-B 
6 Longfellow-C 
7 Near North 
Nokomis Total 
8 Nokomis-A 
9 Nokomis-B 
10 Northeast/St. Anthony 
Phillips Total 
11 Phillips-A 
12 Phillips-Little Earth 
13 Phillips-B 
Powderhorn Total 
14 Powderhorn-A 
15 Powderhorn-B 
16 Southwest 
University Total 
17 University-A 
18 University-Riverside Plaza 
19 University-B 
Suburban Hennepin County3-4 
South Suburban Total 
Bloomington, Edina, & Richfield Total 
Bloomington Total 
20 Bloomington-A 
21 Bloomington-B 
22 Edina 
Richfield Total 
23 Richfield-A 
24 Richfield-C 
25 Eden Prairie/Ft. Snelling 
Northwest Suburban Total 
Brooklyn Center, Brooklyn Park, & Osseo Total 
26 Brooklyn Center, Brooklyn Park, & Osseo-A 
27 Brooklyn Center, Brooklyn Park, & Osseo-B 
28 Northwest Area Remainder 
West Suburban Total 
29 West Area 
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Appendix C. NAICS Codes for Food and Alcohol Outlets (2002) 

______________________________________________________________ 

NAICS Code 
445110 Supermarkets and Other Grocery Stores 
4452-- Specialty Food Stores 
44523 Fruit and Vegetable Markets 
445310 Liquor Stores 
452111 Super-centers  

______________________________________________________________ 
 Source: Census.gov, http://www.census.gov/epcd/naics02/naicod02.htm 
 

http://www.census.gov/epcd/naics02/naicod02.htm�
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Appendix D. Summary of the Literature 

Manuscript 1 

                 

Reference  Sample   Data  Exposure Outcome Summary of Results 

   And Setting  Sources          
Relationship between Low Fruit and Vegetable Consumption and Alcohol Consumption 

Serdula (1996) 3   21,892 adults Behavioral Risk Factor Heavy  Fruit/vegetable intake Among men, lower odds of  
   U.S. sample Surveillance System Drinking   higher fruit and vegetable consumption   
     1990       associated with heavy drinking after
            adjusting for socio-demographic factors  
            (age, race and education). 
 
Barefoot (2002) 4  4435 adults North Carolina   Drinkers  FV  intake Vegetable servings were significantly
   North Carolina Alumni Heart Study     higher for drinkers compared to non 
     1994      drinkers, after controlling for   
           socioeconomic status. Fruit servings and  
           drinker relationship NS. 
                
Breslow (2006) 2  3729 adults National Health and Alcohol  Diet quality Alcohol use as measured by drinking 
quantity,   U.S. sample Examination Survey Use     quantity, frequency and volume were 
     1999-2000      associated with worse diet quality after 
            adjusting for socioeconomic and lifestyle 
            covariates. 
 
La Vecchia (1992) 1,774 adults Northern Italy Case Alcohol use FV intake Heavy alcohol consumption associated 
   Northern Italy Control Study       with lower consumption of fresh fruit and 
            green vegetables. 
Socioeconomic Position (SEP) and Fruit and Vegetable Consumption 

Miller (2005)69   36,722 adults Behavioral Risk Factor SEP FV intake   Lower income and no greater than high
  U.S. sample Surveillance Survey     school  education were associated with the
           consumption of fewer servings of fruit and
           vegetables per day after adjusting for age 
           and sex.  
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Reference  Sample Data   Exposure Outcome Summary of Results 

   And Setting Sources           
Shimakawa (1994) 65 15,800 adults Atherosclerosis Risk SEP  FV intake Lower mean estimates fruit and 
   4 States  in Communities Study     and vegetables alone were  

   1986-1989       associated with lower education  
           among men. Similar trends 

            were observed for women. 
 
Kant (2007) 67  36,000 adults National Health and SEP   FV intake Differences in poverty to income ratio  
   U.S. sample Examination Survey Poverty to Income  associated with lower fruit/vegetable

    I, II, and III      consumption. Lower education positively 
           associated with lower fruit/vegetable 
           intake. 

Socioeconomic Position (SEP) and Alcohol Consumption 
Mossakowski (2008) 24 12,686 youth U.S. Nat’l Longitudinal Poverty  Heavy Drinking Durations of poverty and 
   U.S. sample Survey of Youth  Unemployment   unemployment significantly predicted

    1979-1982      heavy drinking and frequency of heavy
           drinking at ages 27-35 after adjustment for 
           covariates. 

 
Karlamangla (2006) 27 14,127 adults National Health and  SEP  Heavy Drinking Heavy drinking was associated with <HS  
   U.S. sample Examination Survey I     education, male, single, lower income, and  
            smoking after adjusting for socio-  

           demographic variables. Higher SES was
           associated with higher alcohol  

            consumption after adjusting for socio 
            demographic variables.  
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Manuscript 2 
 
Reference Sample and Setting Food/Alcohol Sources  Exposures Data Sources  Summary of Results  
     Examined 
                 
Neighborhood Socioeconomic Status (SES) and Food Access 
Powell (2007) 41 28,050 zip codes  Chain/non-chain  SES  Dun and Bradstreet Lower income areas had  

 U.S. sample  supermarkets,       significantly fewer 
     grocery, and convenience      chain supermarkets vs. middle, 

    stores        high income 
             areas after controlling for  

            neighborhood race/ 
             ethnicity. Low income areas had 

            more non- chain and grocery
            stores vs. middle income  areas 
            after adjusting for neighborhood 
            race/ ethnicity. 

 
Moore (2006) 40 685 census tracts  Supermarkets,   Race/ethnicity InfoUSA; Census 2000 Low income tracts had 4 times as  
Diez-Roux        N.Carolina, Maryland grocery stores, other food outlets     many small grocery stores and  
   New York          half as many supermarkets as the 

            high income tracts. 
             
 
Zenk (2005) 42 4 communities  Supermarkets, grocery SES   MI Dept.Agriculture, Poor African American  
  Detroit, Michigan  stores     direct observation  neighborhoods 1.1 miles further

            from nearest supermarket vs.
            poor White neighborhoods. No  

             differences in distance to  
            supermarkets across  
            neighborhood SES levels.  

 
Baker (2006) 45 220 census tracts  Supermarkets, grocery Race/Ethnicity direct observation  White high poverty areas and all  
  St. Louis, Missouri stores, and other fd outlets Income     African  American areas with

            significantly fewer supermarkets 
            and grocery stores after adjusting 
            for population.  
               

________________________________________________________________________________________________________________________ 
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Reference Sample and Setting Food/Alcohol Sources  Exposures Data Sources  Summary of Results  
     Examined 
________________________________________________________________________________________________________________________ 
Neighborhood Socioeconomic Status (SES) and Alcohol Access 
Romley (2007) 439361 zip codes  liquor stores, bars  Race/Ethnicity Census Zip Code  Density of liquor stores and bars 
  U.S. sample       Business Patterns  lower in higher income areas vs.  
             lower income areas,  
             especially for non-Whites. 

            Density of liquor stores was 
            higher among non-Whites lower 
            income areas vs. Whites in lower 
            and higher income areas. 

                 
Pollack (2005) 3782 census tracts  Alcohol outlets  SES  Census 2000  Most deprived tracts had highest  
  Northern/Central          alcohol outlet density vs. least  
  California          deprived neighborhoods. No

            significant neighborhood  
            differences for on-sale outlets. 

 
Bluthenthal (2008) 44 187 census tracts Alcohol outlets  SES  Alcohol license lists Outlets per roadway mile was  
  New Orleans, Baton          positively associated with poverty

 Rouge, Los Angeles         level (p<0.0001).   African  
             American neighborhoods was 

            inversely associated with outlets 
            per roadway mile   

________________________________________________________________________________________________________________________ 
Neighborhood Socioeconomic Status (SES), Food and Alcohol Access 
Sturm (2007) 47 31,622 public   Restaurants, snack shops, Race/Ethnicity InfoUSA 2006  Schools in lower income  
    secondary schools liquor stores  SES  School Common Core communities had significantly  
             higher odds of any restaurant  
             after adjusting for school  

            characteristics. Not significant for 
            off-license outlets.  
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Morland (2002) 102  216 census tracts Supermarkets, restaurants Race/Ethnicity Health and State Dept. Supermarkets, gas stations  
     Bars and taverns  Income  of Agriculture  stores were more prevalent in

            high income tracts vs. low  
            income tracts. Poor  
            neighborhoods had more  
            bar/tavern vs. high income tracts. 

 
Moore/Diez-40    686 census tracts  Supermarkets, grocery stores  SES  InfoUSA; Census 2000 Liquor stores  more common  
Roux (2006) N.Carolina,Maryland liquor stores       in low income tracts. vs. high  
New York            income tracts. (NSS food stores 

            per 10k population=1.3; 95% CI: 
            1.0,1.6). 

 
Zenk (2005) 42 4 communities  Supermarkets, grocery SES   MI Dept.Agriculture,  Less affluent African American 
  Detroit, Michigan  stores     direct observation  community had more liquor

            stores and fewer grocery. 
            stores vs. the other three middle
            income racially-mixed  

             communities. 
               
 
Manuscript 3 
Reference Sample and Setting Food/Alcohol Sources   Data Sources   Summary of Results  
     or Exposure Examined 
                 
Neighborhood SES and Alcohol Consumption 
Cerda (2010)35 5,115 adults  Neighborhood   CARDIA sample   1% increase in proportion of  
  Coronary Artery Risk  poverty        in poverty associated with 86% 
  Development in Young Adults        increase in odds of binge  
             drinking. Living in a census tract  
             with higher mean percent  

            poverty, associated with 53% 
            increase in alcohol volume after  
            controlling for individual SES. 
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Reference Sample and Setting Food/Alcohol Sources   Data Sources   Summary of Results  
     or Exposure Examined 
                 
Stimpson (2007) 39  39,695 adults,   Neighborhood SES  NHANES III   Living in lower SES  
    US Sample          neighborhoods associated with  
  1988-1994          higher odds of binge  

            drinking, after  adjusting for 
            individual variables. 

 
Galea (2007)36  1355 adults  Neighborhood Income   Household Survey  High neighborhood income and  
  New York,NY  and Income Distribution  Census 2000   high income distribution  

            associated with greater 
            likelihood of alcohol  use after
            adjusting for individual factors. 

Mulia (2005) 26  6,631 adults National Alcohol Survey  Social  Heavy Drinking  Higher cumulative social 
  U.S. sample 2005   Disadvantage    disadvantage significantly  

             associated with heavy drinking
            after adjusting for socio- 
            demographic covariates. Below
            poverty not associated with heavy 
            drinking. 

 
Ecob (2000)136  1,355 adults  Neighborhood area deprivation West of Scotland   No association between   
Macintyre Glasgow,   and Inc.Distribution Twenty-07    Study neighborhood area 

 Scotland           deprivation and alcohol  
            consumption. 

 
                 
Neighborhood Retail Environment and Alcohol Consumption 
Schonlau (2008) 95 2,881 households Alcohol outlets   Calif.Dept.Alcohol Beverage Outlet density associated with the  
  281 census tracts   near respondent’s homes  Control and Louis.Dept.Alc  quantity of consumption among 

 California, Louisiana     individuals: telephone survey drinkers (Louisiana).  
             Density within 1 mi buffer and 

            census tract associated with 
            alcohol consumption.  

 
Truong (2007) 94 36,953 adults  Alcohol outlets   Calif.Dept. Alcohol Beverage On-sale outlets significantly  
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  1,600 census tracts     Control Alcohol Licenses   associated with excessive 
            drinking and heavy episodic 
            drinking. 

 
Pollack (2005) 378197 adults,  Neighborhood SES  Census 2000   Higher income tracts associated  
  82 census tracts  Alcohol outlets       with heavy drinking. Outlet  
  Northern/Central California        density did not mediate  

            association between 
            Neighborhood SES and alcohol 
            consumption. 
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4.Conclusions 

5.So What? 

 

WORD COUNTS 

Abstract: 218 

Text: 3147 

 

ABSTRACT 

Purpose:  We examined the relationships among fruit and vegetable intake, alcohol 

consumption, and socioeconomic status.  We hypothesized that fruit and vegetable 

consumption would be inversely associated with alcohol consumption and the 

relationship would differ by socioeconomic status (SES). 

Design: A cross-sectional analysis.  

Setting: large, urban Midwestern county. 

Subjects: A unique, racial/ethnically diverse sample of 9,959 adults (Response rate: 

66.3%). 

Measures: Fruit and vegetable intake (FV) was measured using two items that assessed 

servings per day. Alcohol consumption was measured in terms of volume of alcohol 

consumed and binge drinking. Individual measures of SES included education and 

household income. 
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Analysis: Weighted multivariate linear and Poisson regression were used to estimate 

effects.  

Results:  The relationship between fruit and vegetable intake and alcohol consumption 

varied by SES.  Those with lower household incomes who consumed 5 or more FV/day 

were less likely to engage in binge drinking relative to those consuming 0-1 FV 

servings/day (Risk Ratio =0.66; 95% Confidence Interval:0.46,0.95). No association 

was observed for higher household income individuals. 

Conclusion:  We observed an inverse relationship between fruit and vegetable 

consumption and alcohol intake in those with lower household incomes but not higher 

household incomes.  Results suggest that the relationship between diet and alcohol 

consumption may be more relevant in populations with more restricted economic 

choices.  Results are however based on cross-sectional data.  

KEY WORDS: diet, fruit and vegetable intake, alcohol consumption, binge drinking, 

excessive drinking, socioeconomic status 

INDEXING KEY WORDS: Manuscript format: research; Research purpose: 

descriptive;  

Study design: cross-sectional study; Outcome measure: behavioral--alcohol 
consumption;  
Setting: Midwestern county, local community; Health focus: nutrition, alcohol, social 

health; Strategy: behavior change; Target population age: adults; Target population 

circumstances: low income. 
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PURPOSE 

Two overarching goals for Healthy People 2020 are to improve health and 

reduce health disparities.1 Poor diet and excessive drinking are two of the three major 

causes of chronic disease and mortality; therefore changing these behaviors will be very 

important in reaching national health goals. In addition, these behaviors may 

independently and synergistically impact disease risk.  Both low fruit and vegetable 

consumption and heavy drinking are associated with a variety of health problems 

including hypertension, stroke, diabetes mellitus and some cancers (esophageal, 

stomach).2-10  

 Health behaviors such as poor diet and excessive drinking may cluster 

together.11-19 According to Problem Behavior theory20, health behaviors such as poor 

diet and excessive drinking cluster together, because they reflect an overall lifestyle 

pattern with common antecedents (e.g., poverty).21 

Several U.S. and European studies have examined the relationship between 

alcohol consumption and fruit and vegetable intake.11-19 Findings from these studies 

consistently suggest that higher levels of alcohol consumption are associated with lower 

levels of fruit and vegetable intake. Serdula and colleagues found that heavy drinking 

measured by 2 or more drinks per day was associated with lower consumption of fruit 

and vegetables among 21,892 U.S. adults.13  Breslow and colleagues similarly reported 

that higher alcohol volume was linked with lower fruit and vegetable quality in a 

sample of 15,870 U.S. adults.12 Further, a study by Breslow (2010) confirmed earlier 

findings that suggested that heavy drinkers also may have poor diet quality 11 Breslow 

found that alcohol use was negatively associated with diet quality among adult 
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respondents (n= 3,729) after adjusting for gender, age, race, education, smoking, BMI, 

and leisure physical activity.  

Results from research on alcohol consumption and fruit and vegetable intake 

have been compelling, but several gaps remain in the research. For example, no studies 

to date have examined whether the relationship between low fruit and vegetable intake 

and heavy drinking varies by socioeconomic status.  Socioeconomic status refers to 

those social and economic factors that influence what standing individuals or groups 

hold within society (e.g., income, education).22   Ecological studies of the food and 

alcohol environment also suggest that low income individuals often live in 

neighborhoods where there are many liquor stores and few chain grocery stores 23-28 

Differences in access to food and alcohol may create structural barriers in poor 

communities that lead to poor health behaviors and health inequalities.29  Low income 

individuals also face different economic constraints than high income individuals when 

it comes to eating healthfully or drinking excessively.  Fruits and vegetables can be 

expensive,30 and low income individuals must weigh how they will use their scarce 

resources.  In some instances, food may take priority; but in other instances this may not 

be the case.31 High income families may be more likely to have the  resources to both 

eat healthy and to drink more and therefore are less likely to be faced with these 

economic trade-offs.30  

Several studies have found a consistent association between socioeconomic 

status and fruit and vegetable intake.3, 32-34 Miller et al. (2005) found that having a lower 

income and no greater than a high school education were associated with the 

consumption of fewer servings of fruit and vegetables per day.32 In a similar study, Kant 
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and colleagues (2007) found that lower income and educational levels to be associated 

with lower fruit and vegetable intake.33  

Studies also have examined the relationship between socioeconomic status and 

alcohol consumption, but findings have been mixed.  Some studies have reported that 

higher alcohol consumption is more common among the poor,35-43 while others have 

found the reverse to be true (i.e., a positive relationship between income and higher 

alcohol consumption).44-46  For example, Karlamangla et al. (2006) examined the 

relationship between socioeconomic status and binge drinking (defined as ≥5 drinks per 

drinking day for men; ≥4 drinks per drinking day for women) among a national U.S. 

sample and found that binge drinking was associated with having less than a high 

school education, being male, being single, having a income below the median, and 

smoking.39  However, Karlamangla also found that higher socioeconomic status was 

associated with higher alcohol volume (drinks per day). The effects of socioeconomic 

status on alcohol consumption may differ depending on the alcohol consumption 

measure used or may be too population-specific to have external validity. 

Previous research has not adequately examined the relationship between fruit 

and vegetable consumption and alcohol consumption and how those relationships may 

differ by socioeconomic status.  There is some research to suggest that more 

economically deprived communities may have poorer access to full service grocery 

stores and greater access to alcohol outlets. 23-28, 47, 48   This condition would suggest that 

a stronger inverse relationship may be found between fruit and vegetable intake and 

alcohol consumption in economically challenged populations who live where alcohol 

access is abundant but where high quality fruits and vegetables may be limited.  It is 
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also possible that those with lower incomes must make more conscious choices between 

consumption patterns and may need to choose between spending money on fruits and 

vegetables or alcohol while those with higher incomes may choose to buy both fruits, 

vegetables and alcohol. 

The purpose of this research is to examine the relationships between fruit and 

vegetable intake, alcohol consumption, and SES. We hypothesized an inverse 

relationship between fruit and vegetable intake and alcohol consumption and that the 

relationship will differ by SES. Results from our study will further understanding of 

how health behaviors cluster together and whether certain health behaviors are more 

likely to cluster together in some socioeconomic groups than in others. 

METHODS 

Design 

The data for this study were drawn from the 2002 Survey of the Health of 

Adults, the Population, and the Environment (SHAPE), which was designed to examine 

individual, social, and environmental factors that affect the health of Hennepin County 

residents in Minnesota. Hennepin County is comprised of 10 cities including the city of 

Minneapolis.49  We used a cross-sectional observational study design to test our 

hypotheses.  Cross-sectional observational studies like SHAPE are excellent for 

studying multiple health behaviors at a single point in time.  This study was approved 

by the University of Minnesota Institutional Review Board.  

Sample 

The SHAPE study employed a stratified sampling design to recruit participants. 

First, geographic sampling areas (i.e., cities) were subdivided into 17 neighborhoods. 
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Second, census tracts within the 17 neighborhoods that had a high number of racial and 

ethnic minority groups were oversampled (African American, Hispanic, Hmong, 

Vietnamese, Somali, and American Indian). One adult per household was selected using 

the most recent birthday technique.50  A total of 15,231 persons were recruited, signed 

informed consent, and 9,959 agreed to participate in the SHAPE survey. One hundred 

thirty-nine participants were removed from the sample due to incomplete interviews, 

yielding an overall response rate of 66.3%, which is higher than average for telephone 

surveys.50, 51 

Respondents were interviewed by phone using a 30-minute structured 

questionnaire. In-person interviews (n=178) also were conducted to increase 

participation for hard-to-reach populations (e.g., American Indians; African-Born Black 

groups). Ten percent of the 9,959 completed surveys were conducted in a non-English 

language (n=991 Spanish, Hmong, Somali, and Vietnamese language interviews). The 

instrument was reviewed by experts from several local and national health organizations 

(e.g., CDC) and field-tested with staff from over 40 local health organizations serving 

minority and immigrant populations. The instrument covered a broad range of health 

topics including alcohol and tobacco use, fruit and vegetable intake, and physical 

activity.  

Measures 

Dependent variable. Alcohol consumption served as the key dependent variable. 

We assessed volume of alcohol consumed as well as binge drinking among participants.  

Alcohol volume.  Alcohol volume was defined as the number of drinks per day 

in the past 30 days and was derived by multiplying the number of drinks consumed per 
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day by the frequency of drinking days.  The quantity-frequency method is a widely-used 

approach for measuring alcohol use in the general population and has been used in 

previous studies examining diet and alcohol consumption.11-14  

Binge drinking. Binge drinking was selected to characterize excessive alcohol 

drinking patterns.  Binge drinking was based on a separate item and was defined as 

consuming 5 or more drinks during a single occasion in the past 30 days.52, 53 We 

focused on this drinking pattern because volume alone may not adequately capture 

excessive drinking patterns such as binge drinking.54, 55 

Independent variables. Key independent variables included fruit and vegetable 

intake and socioeconomic status. Two items were used to assess fruit/vegetable intake: 

“how many servings of fruit did you eat yesterday (including 100% fruit juice)?” and 

“how many servings of vegetables did you eat yesterday (not including french fries)?” 

The two items were summed to obtain the total number of servings of fruit and 

vegetables per day for each respondent. The items used to measure fruit/vegetable 

consumption were based on two items from the Behavioral Risk Factor Surveillance 

Survey (BRFSS).36  Typically, six BRFSS items are used to measure fruit and vegetable 

intake, but only these two items were available from the SHAPE data.56  

Measures of individual SES included education (< High School, High School 

Grad, Some College, College Grad or Higher) and household income (<$25,000, $25k-

$49,999, $50k-$74,999, $75,000 or higher). These variables were chosen because they 

have been used widely in previous studies examining the association between SES and 

health behavior.57, 58 
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Other covariates. Other covariates included age (18-24, 25-34, 35-44, 45-54, 

55-64, 65+), gender, race/ethnicity (Hispanic, Non-Hispanic White, Non-Hispanic U.S. 

Born Black, African, Southeast Asian, Asian Pacific Islander, American Indian, Other), 

immigrant status (Born outside of U.S.,U.S. Citizen), and marital status (Married or 

Unmarried Couple, (Single/Separated/Divorced/Widowed/Other, Never Married)). 

These variables served as categorical covariates in the adjusted models because studies 

have shown that these variables are related to alcohol use and/or to fruit and vegetable 

intake.12, 37, 38, 59-62 

Analyses 

All analyses were conducted using STATA IC 10.0.  First, we examined bi-

variate associations between study variables using chi-squared tests. Second, we 

estimated separate unadjusted and adjusted linear regression models to test our 

hypothesis that fruit and vegetable intake would be inversely associated with alcohol 

consumption. Third, we ran separate unadjusted and adjusted poisson regression models 

to compute risk ratios and 95% confidence intervals for the association between fruit 

and vegetable intake and binge drinking.  Given that binge drinking was not rare 

(16.3%), we used Poisson regression to estimate effects.63 Adjusted linear and poisson 

models controlled for age, gender, race/ethnicity, education, household income, 

immigrant status, and marital status.  Fourth, we used separate linear (alcohol volume) 

and Poisson models (binge drinking) stratified by our socioeconomic variables 

(education, household income) to test the hypothesis that the relationship between fruit 

and vegetable intake and alcohol consumption differed by socioeconomic status.  
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Adjusted stratified models controlled for age, gender, race/ethnicity, marital status, and 

immigrant status. 

We used multiple imputation of missing data to account for the high number of 

non-responses for the household income variable (3,362 of 9,959 missing responses).64  

We executed a STATA procedure called multiple imputation by chained equations 

(MICE) to create the imputed household income variable.64  The MICE procedure is an 

iterative process using multiple simulations that imputes the most plausible household 

income value  based on main study covariates (age, gender, immigrant status, education, 

marital status) and main dependent variable (binge drinking).  The iterative process 

assumes that data are missing at random; that is, that the missingness does not depend 

on unobserved covariates.   This method is appropriate for large sample surveys such as 

ours.65  All analyses used sampling weights that account for the complex sampling 

design and make the SHAPE dataset generalizable to the  Hennepin County 

population.50 

 

RESULTS 

Sample Characteristics  

The SHAPE sample included approximately equal percentages of men and 

women (49% vs.51%).  The mean age of the sample was 43 years. Most respondents 

had household incomes greater than $50,000, and were highly educated (71% Some 

College or higher) (Table 1). The sample was also racially/ethnically diverse and 

included Non-Hispanic Whites (69%), Hispanics (5%), Non-Hispanic, U.S. Born 

Blacks (14%), Africans (3%), Asian/Pacific Islanders (4%), Southeast Asians (3%), and 
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American Indians (2%). Thirteen percent of the sample was born outside of the U.S.  

Adults had a mean intake of 4 servings of fruits and vegetables per day and consumed 

one half of a drink of alcohol per day.  Over 16% of the respondents had engaged in 

binge drinking in the past 30 days. 

Descriptive Analyses  

Overall, higher alcohol consumption and binge drinking were associated with 

being young, male, and born in the U.S. (Table 2). Higher mean alcohol consumption 

was more common among U.S. born non-Hispanic Whites and Hispanics. Binge 

drinking was more common in Hispanic and American Indians as compared to the other 

race/ethnic groups.  

Higher fruit and vegetable intake was associated with lower alcohol 

consumption and binge drinking in these bivariate analyses.  Individuals with the 

highest fruit and vegetable intake (5 or more servings or more per day) had the lowest 

mean number of drinks per day and were less likely to engage in binge drinking (Table 

2).  

 The association between fruit and vegetable intake and alcohol consumption 

differed by household income for both drinking measures. In stratified descriptive 

analysis, higher fruit and vegetable intake was associated with lower mean number of 

drinks per day and risk of binge drinking among lower income individuals but not 

among higher income individuals (Table 3).  For those with a lower household income 

as mean intake of fruits and vegetables increased, mean number of drinks per day 

decreased and as fruits and vegetable intake increased, the risk of binge drinking 

decreased.  However, those relationships were not significant in the higher income 
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sample.  We examined the relationships stratifying by education but saw no relationship 

in consumption patterns by education (results not shown).  

Multivariate Analyses  

Fruit and vegetable intake and alcohol consumption. Higher fruit and vegetable 

intake was significantly associated with lower mean alcohol volume in adjusted 

analyses (Table 4).  Individuals who consumed 5 or more servings per day reported the 

lowest mean number of drinks per day (Table 4).   Fruit and vegetable intake was not 

significantly associated with binge drinking in adjusted analyses. 

 Relationships among fruit and vegetable intake, alcohol consumption, and 

socioeconomic status.  The relationship between fruit and vegetable intake and alcohol 

consumption varied by socioeconomic status in adjusted analyses.  Among individuals 

with lower household income, higher fruit and vegetable intake (5 or more 

servings/day) was significantly associated with lower mean alcohol consumption as 

well as lower risk of binge drinking controlling for other demographic characteristics 

(Table 5). This was not the case for individuals with higher household income. As in bi-

variate analyses, the relationship between fruit and vegetable intake and alcohol 

consumption did not differ by education (results not shown).  

 In our models, household income was imputed for observations with missing 

data (n=3,362).  Because this represented a large proportion of our data, we ran the 

same regression models described above and excluded individuals with missing 

household income data.  The results in these models were the similar to those that used 

an imputed household income variable. 

Conclusions 
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Problem behavior theory suggests that that behaviors are likely to cluster 

together.20  In our study, we found that higher fruit and vegetable intake was associated 

with lower mean number of drinks per day in adjusted analyses.  Our results on the 

relationship between diet and alcohol consumption are consistent with previous studies 

that have reported an association between alcohol use and fruit and vegetable intake.11-

13, 15, 16, 66, 67    

However, we found that the relationship between higher fruit and vegetable 

intake and lower alcohol consumption was evident only in the lower income sample.  

Among individuals with lower household income, higher fruit and vegetable intake (5 

or more servings/day) was significantly associated with lower mean alcohol 

consumption as well as lower risk of binge drinking (Table 5). This was not true for 

individuals with higher household incomes.  Our findings on the relationships between 

fruit and vegetable intake, alcohol consumption, and socioeconomic status have not 

been previously reported. They suggest that poor people may be more constrained by 

their financial resources, and therefore may be forced to choose between buying either 

food such as produce or alcohol. Our findings suggest that when asked to make this 

choice,  lower income individuals do choose to consume fruits and vegetables over 

alcohol.  By contrast, more affluent individuals may have the financial stability to buy 

and consume healthful foods as well as alcohol and are not “forced” to choose.  

Limitations of our study should be noted.  First, the SHAPE survey used only 

two of the six items from the BRFSS to measure fruit and vegetable intake. Although 

the SHAPE measure of fruit and vegetable consumption included two items, the mean 

estimates of fruit and vegetable intake (servings/day) were reasonably comparable to 
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2002 BRFSS estimates (SHAPE (mean =3.9) vs. U.S. (mean=3.4)).68, 69  Future studies 

may wish to replicate our study using the entire battery of fruit and vegetable items 

from the BRFSS.  Second, our study used a telephone-based survey method which may 

not have captured individuals without land line telephones.50 However, telephone-based 

surveys are a widely accepted approach for population samples such as ours.  Non-

response in telephone surveys is considered a lesser threat for bias than face-to face 

surveys since telephone hang ups, the largest type of non-response most often happen 

before the survey has ever been conducted.70  Third, we did not examine neighborhood 

characteristics such as alcohol and food access that may affect individual drinking and 

diet patterns.71-76 Differences in physical access to alcohol and food among poor 

neighborhoods may contribute to excessive drinking above and beyond individual 

lifestyle factors such as fruit and vegetable intake.71-75  Future studies may wish to 

conduct multilevel analyses to test this hypothesis.  Fourth, our findings may be 

generalizable to midwestern cities like Minneapolis.  Future studies may wish to test our 

hypotheses in other cities across the country and to examine a wider range of income 

levels in the population.  Our sample is still relatively higher income with more than 

60% of the population with an income of more than $50,000. 

Despite these limitations, our study has implications for developing 

interventions to improve health.  Our findings suggest that health interventions that 

target individuals of lower socioeconomic status should focus on multiple health 

behaviors simultaneously.  In our study, individuals of lower socioeconomic status were 

most likely to consume more fruits and vegetables and drink less in the presence of 

scarce resources. 



 

121 
 

SO WHAT? 

What is already known on this topic? 

While studies in the U.S. and Europe have shown that poor diet is linked with higher 

alcohol consumption, no studies to date have examined whether the relationship differ 

by socioeconomic status (SES). 

 

What does this article add? 

This paper adds to our understanding of the clustering of health behaviors among 

individuals of lower socioeconomic status. 

 

What are the implications for health promotion practice or research? 

Our findings suggest that health interventions that target individuals of lower 

socioeconomic status should focus on multiple health behaviors simultaneously.  In our 

study, individuals of lower socioeconomic status were most likely to consume more 

fruits and vegetables and drink less in the presence of scarce resources. 
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Table 1. Sample Characteristics of SHAPE Participants (n=9,959)         
    

 N Mean (SE)*or Percent  
    
Total number of Adults 9959   
    
Female (%) 5123 51.4  
    
Age (years) 9959 42.6 (0.3)  
    
Born Outside of the U.S.(%)       1264 12.7  
    
Race/Ethnicity† (%) 9959   

Hispanic 495 5.0  
Non-Hispanic  White 6899 69.2  

     Non-Hispanic U.S. Born Black  1363 13.6  
  African 343 3.4  

Asian Pacific Islander  398 3.9  
  Southeast Asian 272 2.7  

      American Indian 225 2.2  
    

Education (%) 9779   
< High School 628 6.4  

High School Grad 2189 22.4  
Some College 3098 31.7  

College Grad or Higher 3864 39.5  
    
Household Income (%) 9768    

 <$25,000 1546 15.8  
$25k-$49,999 2043 20.9  
$50k-$74,999 2206 22.6  

$75,000 or higher 3973 40.7  
    

Marital Status (%) 9913   
Married or Unmarried Couple 5994 60.5  

Separated/Divorced/Widowed/Other 1431 14.4  
Never Married 2488 25.1  

    
Fruit/vegetable Intake   
(mean # servings/day) 

9753 3.9 (.1)  

    
Alcohol Use    

Volume(mean # drinks/day) 9833 .5 (.1)  
Binge Drinking (%)  1602 16.3  

Abbreviations: SE-Standard Error. SHAPE-Survey of the Health of All the Population and the Environment. 
*
Estimates were weighted to account for the SHAPE complex survey design. 
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†
All Racial/ethnic groups were mutually exclusive categories (Non-Hispanics). Hispanic/Latino and race are not 

mutually exclusive; a person of Hispanic/Latino ethnicity may be of any race. African Born Black category included 
people born in Somalia, Ethiopia, Sudan and other countries. Asian Pacific Islanders included persons who self-
identified as either Asian alone or Native Hawaiian or Other Pacific Islander alone. Southeast Asian category included 
people born in Laos, Vietnam, Cambodia, Thailand, Malaysia, the Philippines, Burma, Singapore, or Brunei. 
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Table 2. Bivariate Relationship Between Demographic Variables, Fruit/Vegetable 
Intake and Alcohol Consumption (n=9,959) 
 n Mean 

Number of 
Drinks/Daya 

(SE) 

p 
value 

Binge 
Drinkinga   

(%) 

p 
value 

Total number of Adults               9959   1602  
      
Age (years)      

18-24 1389 .53 (.08) **** 
 (trend) 

26.4 **** 
 (trend) 

25-34 2218 .49 (.04)  25.6  
35-44 2236 .49 (.04)  16.6  
45-54 1920 .46 (.04)  11.6  
55-64 1033 .34 (.03)  5.6  

65+ 1164 .34 (.03)  2.8  
      
Gender      

Male 4836 .66 (.04) **** 24.6 **** 
Female 5123 .27 (.01)  8.5  

Born outside of U.S. (%)       
Yes 1264 .23 (.04) *** 9.3 **** 
No 8695 .49 (.02)  17.3  

      
Race/Ethnicity (%)b           

Hispanic 495 .50 (.09) NS 21.4 **** 
Non-Hispanic White (ref)  6899 .51 (.02) -- 17.7  

 Non-Hispanic  U.S. Born Black  1363 .28 (.04) *** 10.7  
  African Born 343 .07 (.01) *** 5.1  

  Asian Pacific Islander  398 .28 (.10) NS 15.6  
   Southeast Asian 272 .29 (.14) NS 7.7  

   American Indian 225 .62 (.21) NS 23.3  
      
Education (%)      

< High School  628 .32 (.09) NS 12.4 NS 
High School  2189 .47 (.05) NS 15.7  

Some College 3098 .49 (.03) NS 18.6  
College Grad or Higher(ref) 3864 .46 (.02) -- 16.0  

      
Household Income (%)      

 <$25,000 1546 .40 (.04)     NS 
 (trend) 

14.9 NS 
(trend) 

$25k-$49,999 2043 .45 (.04)  16.8  
$50k-$74,999 2206 .44 (.04)  16.3  

$75,000 or higher 3973 .50 (.03)  16.9  
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Abbreviations:. CI-Confidence Interval. NS=Not significant. SE-Standard 
Error.*p<0.05.**p<0.01.***p<0.001.****p<0.0001. 
†Estimates were weighted to account for the SHAPE complex survey design. 
‡All Racial/ethnic groups were mutually exclusive categories (Non-Hispanics). Hispanic/Latino and race are not 
mutually exclusive; a person of Hispanic/Latino ethnicity may be of any race. African Born Black category included 
people born in Somalia, Ethiopia, Sudan and other countries. Asian Pacific Islanders included persons who self-
identified as either Asian alone or Native Hawaiian or Other Pacific Islander alone. Southeast Asian category 
included people born in Laos, Vietnam, Cambodia, Thailand, Malaysia, the Philippines, Burma, Singapore, or 
Brunei. 
 

 
 
Table 2 Cont’d      
 n Mean 

Number of 
Drinks/Day† 

(SE) 

p 
value 

Binge 
Drinking† 

(%) 

p 
value 

Marital Status (%)      
Married/Member  Unmarried 

Couple 
5994 .41 (.03) *** 12.1 *** 

Separated/Divorced/Widowed/Other 1431 .35 (.03)  11.1  
Not Married 2488 .64 (.06)  29.5  

      
Fruit/vegetable Intake  
(mean # servings/day; (95% CI)) 

     

0-1 503 .59 (.41,.78) *** 
 (trend) 

24.5 ** 
 (trend) 

1-<3 2357 .51 (.44,.57)  18.2  
3-<5 3423 .49 (.41,.57)  15.5  

5 or more  3505 .37 (.32,.41)  14.7  
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Table 3.   Bivariate Relationship between Fruit and Vegetable Intake, 
Alcohol Consumption by Household Income 

    

  
Mean Number of Drinks/Dayb (95% CI) 

 
Binge Drinking RR (95%CI) b 

  Lower  
incomea 

p value 
(trend) 

Higher  
income 

p value 
(trend)   

Lower 
incomea  

p value  
(trend) 

Higher 
income 

p value  
(trend) 

          
Fruit 
/vegetable 
Intake  
(mean # 
servings/
day) 

         

0-<1  .69 (.41,.97) *** .45 (.25,.65) NS ref ** ref NS 
1-<3  .51 (.41,.62)  .50 (.41,.58)  .67(.44,1.0)    .96(.50,1.83)  
3-<5  .39 (.33,.46)  .60 (.45,.74)  .44 (.29,.67)  1.04(.55,1.97)  
5 or 

more  
 .34 (.28,.40)  .40 (.33,.47)  .49 (.31,.78)     .86(.45,1.63)   

          
Abbreviations: CI-Confidence Interval.  RR=Risk Ratio.  SE-Standard Error. *p<0.05.**p<0.01.***p<0.001. 
a Lower and higher SES are median splits based on household income levels (<$60,376, ≥$60,376).    
b  Estimates were weighted to account for the SHAPE complex survey design. 
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Table 4. Multivariate Analyses: Relationship Between Fruit and Vegetable Intake and 
Alcohol Consumption.  
 
 Mean Number  

of Drinks/Day 
 Binge Drinking 

 
 Difference †, ‡ (95% 

CI) 
p 

value  
(trend)   

 RR †, ‡ (95% 
CI) 

p 
value  

(trend)   
       
Fruit/vegetable 
Intake  
(mean # servings/day) 

     

0-<1 (ref)   -- **  -- NS 
1-<3 -.13 (-.31,.05)   .75 (.57,1.00)  
3-<5 -.11 (-.29,.07)   .73 (.55,.97)  

5 or more  -.21 (-.39,-.04)   .70 (.51,.94)  
      

 Abbreviations: CI=Confidence Interval. NS=Not significant. RR=Risk Ratio.  *p<0.05.**p<0.01. 
 †Adjusted models controlled for education, household income, age, gender, race/ethnicity, immigrant 
status, and marital status.    
 ‡Estimates were weighted to account for the SHAPE complex survey design.  
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Table 2.5. Adjusted Relationships between Fruit and Vegetable Intake, Alcohol Consumption and Household Income  

  Difference in 
Mean Number of 
Drinks/Dayb (95% CI) 

  Binge Drinking RR 
(95%CI) b 

 

 Lower  
incomea 

p value 
(trend) 

Higher  
income 

p 
value 

(trend) 

Lower 
incomea 

p value 
(trend) 

Higher  
income 

p 
value 

(trend) 
         

         
Fruit 
/vegetable 
Intake  
(mean # 
servings/day) 

-- ** -- NS -- * -- NS 

0-<1 (ref) -.18 (-.43,.07)  -.01 (-.22,.19)  .77(.56,1.06)    .84(.47,1.53)  
1-<3 -.27 (-.50,-.03)   .12 (-.11,.35)  .60 (.43,.83)  1.02 (.57,1.82)  
3-<5 -.31 (-.55,-.07)  -.05 (-.25,.16)  .66 (.46,.95)    .83 (.46,1.50)  
5 or more          
         

Abbreviations:  CI=Confidence Interval. *p<0.05.**p<0.01.NS-Not significant. 
a Lower and higher SES are median splits based on household income levels (<$60,376, ≥$60,376).    
b Stratified models controlled for age, gender, race/ethnicity, immigrant status, and marital status. 

c. Estimates were weighted to account for the SHAPE complex survey design.
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Food and Alcohol Access in Neighborhoods of Varying Socioeconomic Status 

 
Abstract 

 
 Background. Studies in the diet and alcohol literatures have traditionally studied 
food and alcohol access as separate and distinct public health issues.  However, access 
to food and alcohol may be closely linked, especially in poor neighborhoods.   
 Purpose. Our study examined the relationship between food and alcohol access 
by neighborhood socioeconomic status (SES) in a large urban county in Minnesota 
(n=298 census tracts).  We hypothesized that number of food stores in each census tract 
would be negatively associated with number of liquor stores, and that the negative 
relationship between food and alcohol access would be stronger in poorer 
neighborhoods.   
 Methods. The number (i.e., count) of off-sale liquor stores within each census 
tract was used to measure alcohol access (e.g., stores selling alcoholic beverages for 
consumption off the premises), while the number of food stores within each census tract 
was used to measure food access.  Alcohol access served as the dependent variable and 
food access was the primary independent variable.  Poisson regression was used to 
estimate effects.   
 Results. We found that the relationship between food and alcohol access 
differed by neighborhood SES, with higher income neighborhoods having more 
supermarkets and grocery stores and liquor stores (RR=1.47; p<.0001).   
 Conclusions. Results suggest food and alcohol access are interconnected and 
should be treated as related rather than distinct public health issues.  Future studies 
should explore what constitutes a “healthy mix” of food and liquor stores in 
communities and whether the mix of food and liquor stores is associated with poor diet 
and excessive drinking. 
 
 
KEYWORDS: food access, alcohol access, neighborhoods, socioeconomic status, built 
environment, diet, alcohol 
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Introduction 

Poor diet and excessive drinking are two of the three major causes of chronic 

disease and mortality in the U.S.1  Low fruit and vegetable consumption and heavy 

drinking are associated with several health problems including hypertension, stroke, 

diabetes mellitus and some cancers (e.g., esophageal, stomach) 1-9 and these health 

conditions are more likely to afflict racial/ethnic minorities, those who live in urban 

areas, and those who live in neighborhoods with low socioeconomic status.10-13 

Health behaviors such as poor diet and heavy drinking do not occur in a 

vacuum.  The neighborhoods where people live can shape the dietary and alcohol 

choices they make.10-14  This may be particularly true in less affluent neighborhoods, 

where food and alcohol access may be closely linked.13, 15, 16 

Surprisingly, there are no studies in the published literature that have examined 

whether there is a relationship between food and alcohol access and whether the 

relationship between food and alcohol access differs by the socioeconomic 

characteristics of neighborhoods.17-19   Studies have examined food and alcohol issues 

separately.19-26  These studies typically use ecological study designs where the unit of 

analysis is a geographical unit (e.g., neighborhood, census tract, zip code).   

Studies in the diet literature have found that that there are fewer supermarkets 

and chain grocery stores in low socioeconomic status (SES) neighborhoods.19-23  For 

example, Powell et al. (2007) investigated the association between neighborhood 

median household income, racial/ethnic neighborhood composition, and density of food 
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retail outlets in the U.S. (n=28,050 zip code areas).  Food retail outlets included chain 

supermarkets, non-chain supermarkets, grocery stores, and convenience stores.  Powell 

and colleagues found that low-income areas had significantly fewer chain supermarkets 

than middle-income and high-income zip codes after controlling for neighborhood 

racial/ethnic composition.  Low income areas tended to have more non-chain grocery 

stores as compared to middle income neighborhoods.  Moore and Diez-Roux (2006) 

also examined the association between neighborhood socioeconomic characteristics and 

food retail store density in North Carolina, Maryland, and New York as part of the 

Multi-Ethnic Study of Atherosclerosis (MESA).19  They found that the lowest-income 

tracts had significantly fewer supermarkets, natural food stores and specialty food 

stores, but more small-scale grocery stores than the highest income tracts. 

While chain grocery stores and supermarkets are less concentrated in poor 

neighborhoods, liquor stores are often over-concentrated in impoverished 

neighborhoods.24-26  Several studies in the alcohol literature have shown that 

neighborhood SES is associated with the number of liquor stores in a community.24-26  

Romley et al. (2007) studied the relationship between neighborhood socioeconomic 

status and alcohol outlet density (i.e., number of liquor stores per zip code) and found 

the density of liquor stores was greater among predominantly minority, non-whites in 

lower-income areas than among predominantly whites in lower-and higher-income 

areas.  Bluthenthal et al. (2008) similarly investigated the association between 

community socioeconomic and demographic characteristics and alcohol access in New 
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Orleans, Baton Rouge, and Los Angeles 26  and found that household poverty was 

positively associated with the number of alcohol outlets per roadway mile.  

A few studies have examined whether neighborhood socioeconomic status 

(SES) is associated with both food and alcohol access separately (e.g., SES and food 

access, SES and alcohol access).18, 27   However, these studies did not statistically test 

the association between food access and alcohol access.  For example, Morland et al. 

(2002) compared the neighborhood characteristics and food and alcohol environments 

of census tracts (n=216 Census tracts) in Mississippi, North Carolina, Maryland, and 

Minnesota.27  Morland found that supermarkets were more prevalent in high income 

tracts compared to low income tracts after controlling for population density and study 

site.  Further, lower income neighborhoods had three times as many bars/taverns than 

high income neighborhoods.  Zenk and colleagues (2006) investigated the relationship 

between neighborhood characteristics and the access to food and liquor stores among 

four communities in Detroit, Michigan.18  They found that the less affluent African 

American community had more liquor stores and fewer grocery stores compared to the 

other three middle income racially-mixed communities.  However, Zenk and colleagues 

did not have sufficient power to examine whether number of chain supermarkets and 

grocery stores was associated with number of liquor stores.    

Various explanations have been given for why fewer chain grocery stores and 

more liquor stores may be present in poor neighborhoods.  For example, supermarkets 

and larger-scale grocery store chains may chose not to locate in impoverished 

neighborhoods where crime rates are typically higher.28-32 In addition to crime concerns, 
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stores may be concerned about their profit margins.23  Retailers may perceive that they 

may not gain as much profit from sales in poor neighborhoods as more affluent 

neighborhoods.  When major chain stores choose not to locate in poor neighborhoods, 

other businesses also may be reluctant to locate in these neighborhoods.33, 34  Liquor 

stores may thrive in these types of neighborhoods because they face little competition 

from other stores.33, 34 

In summary, no studies in the current diet and alcohol literatures to date have 

examined the association between food and alcohol access and whether the relationship 

between food and alcohol access differs by neighborhood characteristics.  Our study 

examined the relationship between food and alcohol access and neighborhood 

socioeconomic status in a large predominantly metropolitan county in Minnesota.  In 

Minnesota, alcoholic beverages with alcoholic content greater than 3.2% are sold only 

in liquor stores.  We hypothesized that: 1) number of food stores would be negatively 

associated with number of liquor stores (e.g., fewer supermarkets and grocery stores 

would be associated with more liquor stores), and 2) the negative relationship between 

food and alcohol access would be stronger in poorer neighborhoods.  In our study, 

neighborhood food and alcohol access refer to the physical availability of food and 

liquor stores within one’s neighborhood.19-26 

Methods 

Data 

Data for our study were drawn from two main sources:  the U.S. Census (2000) 

and InfoUSA Business Dataset (2002). Census Decennial data were acquired from the 
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U.S. Census to assess neighborhood socioeconomic status (Summary Files 1 and 3).35  

Data from the InfoUSA business dataset were used to estimate GIS-derived counts of 

food and liquor stores (n=497) 36  InfoUSA included geocoded information on food 

stores (supermarket and grocery stores, fruit and vegetable markets, super-centers) and  

liquor stores.36  We linked the two sources by census tract codes in Hennepin County, 

Minnesota.  Thus, the main unit of analysis was the census tract, a land area that 

typically contains on average of 1000 households or on average 4000 persons.37 

Study Neighborhoods 

 Study neighborhoods were operationalized as all 298 census tracts in the 

Hennepin County Metropolitan Area (Census 2000).35  The Hennepin County 

Metropolitan Area contains the Minneapolis metropolitan area and surrounding 

suburbs; it is 557 square miles and has a population of about 1,140,988 people or 

456,129 households.35 

Measures 

Alcohol and Food Access.  The number (i.e., count) of off-sale liquor stores 

within each census tract was used to measure alcohol access (e.g., stores selling 

alcoholic beverages for consumption off the premises), while the number (i.e., count) of 

food stores within each census tract was used to measure food access.  Alcohol access 

served as the dependent variable and food access was the primary independent variable. 

We used the North American Industry Classification System codes (NAICS #, 

2002) to classify liquor and food stores.  Food store categories included supermarket 
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and grocery stores (NAICS Code #445110), fruit and vegetable markets (#44523), and 

supercenters (#445211).36  We included fruit and vegetable markets and supercenters 

because they are known to carry healthful foods such as fruits and vegetables.38, 39 

NAICS codes have been widely used in previous studies of grocery stores and alcohol 

outlets.17, 40, 41  Additionally, NAICS codes are routinely updated by the U.S. federal 

government to account for changes in how businesses are classified to minimize 

misclassification errors.36 

Neighborhood SES.  The primary measure to assess neighborhood SES was 

median annual household income (% less than $15,000).  We selected this measure 

because it has been widely used in previous ecological studies that  examined the 

association between neighborhood SES and food access or neighborhood SES and 

alcohol access.9, 10, 12, 21, 40, 42-48  In addition, we explored the use of other indicators of 

neighborhood SES such as education (% less than high school, % high school graduate, 

% some college, % college graduate or higher), and poverty (% poverty). 

Other covariates. Secondary demographic covariates included neighborhood 

racial/ethnic concentration (% Non-Hispanic Asian Pacific Islander; % Non-Hispanic 

Black; % Hispanic; % Non-Hispanic White,% Non-Hispanic Other) and population (per 

census tract).  In addition, we measured commercial land use area (square miles) from 

parcel data provided by the Metropolitan Council (2000).49 Studies have shown that 

these variables are associated with food and alcohol outlet availability.9, 12, 21, 40, 43-48 
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Analyses 

First, to test the hypothesis that number of food stores would be negatively 

associated with number of liquor stores, we used Poisson regression (e.g., counts of 

grocery stores and supermarkets and counts of liquor stores).  Alcohol access served as 

the dependent variable and food access was the primary independent variable.  Second, 

to test the hypothesis that the relationship between lower food access and higher alcohol 

access would differ by neighborhood SES, we stratified our analysis by neighborhood 

SES and used Poisson regression.  All models were adjusted for potential confounding 

variables (e.g., neighborhood racial/ethnic concentration and commercial land use). We 

included total population as an offset to control for census tract population.  P values 

less than .05 were considered statistically significant for main analyses; for stratified 

models, p values less than .10 were considered statistically significant.  All analyses 

were conducted in SAS version 9.2 (SAS, Cary, NC) 50 and ArcGIS 9.3 (Esri, Redlands, 

CA).51  Poisson models were conducted using SAS PROC GENMOD.50   

In addition, spatial autocorrelation for the dependent variable (number of liquor 

stores within census tracts) was evaluated by using the Moran’s I spatial autocorrelation 

tool in ArcGIS 9.3. 51  Spatial autocorrelation refers to measure of the degree to which a 

set of spatial features with similar attribute values tend to be clustered together in space, 

therefore it is important to account for this possible issue.51  We found that the number 

of liquor stores was not spatially correlated among adjacent neighborhoods (i.e., nearby 

neighborhoods did not have similar numbers of liquor stores;  Moran’s I = 0.08).51  In 

general, a Moran's Index value near +1.0 indicates clustering while an index value near 
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-1.0 indicates dispersion.51  Since spatial autocorrelation was near zero in this study, we 

did not adjust for spatial autocorrelation in our analyses.32  Also, we explored 

overdispersion for poisson models, but this was not an issue (e.g., presence of greater 

variability in dependent variable than expected). 

Results 

Demographic Characteristics of Study Neighborhoods 

Our neighborhoods or census tracts were on average more highly educated and 

less racially and ethnically diverse than national estimates.  Study neighborhoods had 

higher median household income levels ($53,000) than the approximate $42,000 

national average (Table 1).35   

There were 152 off-sale liquor stores and 301 supermarkets and grocery stores 

in Hennepin County (Table 1).  In addition, there were 15 fruit/vegetable markets and 

29 super-centers that included large outlets with groceries or membership warehouse 

stores (Table 1). The map in Figure 1 shows where food and liquor stores were located 

in the county.  In general, food and liquor stores were located in more populated areas 

of the county. 

Multivariate Analyses 

 Food and alcohol access   Number of food  stores was not significantly 

associated with  number of liquor stores in pooled analyses (Table 2). Covariates such 

as neighborhood racial/ethnic composition and population were also not significantly 

associated with alcohol access. 
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 Food  access, alcohol access, and neighborhood SES.  However, the 

relationship between food and alcohol access varied by neighborhood SES (Table 2).  

Number of food stores was positively associated with the number of liquor stores 

among higher income neighborhoods (Table 2).  This was not the case for lower income 

neighborhoods, where we observed no association between number of food stores and 

number of liquor stores.   We also examined whether other indicators of neighborhood 

SES might modify the relationship observed between food and alcohol access.  The 

relationship between number of food and liquor stores also differed by neighborhood 

education, with neighborhoods with higher levels of education having both more food 

and liquor stores (data not shown).  

Conclusions 

 We hypothesized that number of food stores would be negatively associated 

with number of liquor stores (i.e., fewer food stores would be associated with more 

liquor stores) and that the relationship between food and alcohol access would vary by 

neighborhood socioeconomic status.  We found that number of food stores was 

positively associated with number of liquor stores in high income SES census tracts 

only.   

There are several reasons why supermarkets and grocery stores may reside in 

similar areas as liquor stores in high income neighborhoods.   First, businesses owners 

or investors in food and alcohol stores may select neighborhoods that may have strong 

consumer vitality and economic sustainability as well as be zoned for commercial 

use.49, 52  Second, food and alcohol retailers may choose to locate in business districts 
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close to neighborhoods with higher real estate values and disposable income.  Plantinga 

and Bernell (2007) suggest that household income and real estate values are higher at 

locations closer to central business districts.53  Third, city planners may propose goals 

and set policies for land use that bring in businesses to certain areas, (e.g., higher 

income neighborhoods).  In the city of Minneapolis, urban planners have adopted land 

use plans to “develop and maintain a land use pattern that strengthens the vitality, 

quality and urban character of its downtown core, commercial corridors, industrial 

areas, and neighborhoods.”52 

 We did not find a negative association between number of food stores and 

number of liquor stores in lower income neighborhoods.  One explanation for this 

finding is that low income neighborhoods in Hennepin County are less impoverished 

and have a greater mix of retail businesses than low income neighborhoods in other 

regions of the country.  On average, our study neighborhoods had higher median 

household income levels ($53,000) than the approximate $42,000 national average.  

Additional analyses also showed that 34% of low income census tracts had 

supermarkets, grocery stores, and liquor stores; only 9% had liquor stores but no 

supermarkets and grocery stores (data not shown).  

  Our findings add to a growing body of research in the diet and alcohol 

literatures that have examined food and alcohol access issues separately in the U.S.18-26   

Our findings suggest that food and alcohol access issues are linked and should be 

treated as related rather than distinct public health issues.  Studies that do so may 

advance research in both the diet and alcohol fields and encourage greater collaboration 
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among diet and alcohol researchers.  For example, studies examining the link between 

food and alcohol access may further understanding of what constitutes a ‘healthy mix’ 

of food, alcohol, and other types of retail stores in neighborhoods  and what mix of food 

and liquor stores is associated with poor diet and heavy drinking.   Limitations of this 

study should be noted.  First, the list of the retail outlets in InfoUSA may have been 

incomplete.  For example, it is possible that we missed some food and liquor stores.  

InfoUSA datasets are considered the best available data besides direct observation 

where trained researchers visit all retail outlets.  Second, we did not examine whether 

other types of businesses, such as fast food restaurants are related to greater alcohol 

access.  Future studies in this area may wish to include full-service restaurants and fast 

food restaurants.  Third, our study is cross-sectional and therefore we cannot infer 

causality, i.e., more food stores leads to more liquor stores or vice-versa. Future studies 

should validate the findings from our research using longitudinal data to determine 

whether an increase in the number food stores leads to an increase in liquor stores in 

neighborhoods  

 In summary, our findings suggest that food and liquor stores cluster in high SES 

neighborhoods, but not in low income neighborhoods.  Studies are needed to determine 

what constitutes a ‘healthy mix’ of food and liquor stores and what mix of food and 

liquor stores is associated with poor diet and excessive drinking.  Because low income 

neighborhoods may look different across the U.S., future studies may also wish to 

examine the association between food and alcohol access in more impoverished 

neighborhoods than in this study.
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Table I.  Neighborhood and Store Characteristics (n=298 census tracts) 

Variable  Mean Std 
Dev. 

Min. Max. 

Population (per census tract)  3745.6 1515.9 128.0 10020.0 
      
Commercial land use area  
(square miles) 

 0.1 0.1 0.001 0.63 

      
Racial/Ethnic Composition      

Non-Hispanic Asian Pacific Islander 
(%) 

 4.8% 4.1% 0% 26.5% 

Non-Hispanic Black (%)  10.4% 14.3% 0.001% 66.4% 
Hispanic (%)a  4.7% 6.1% 0.5% 34.5% 

Non-Hispanic White (%)  76.2% 23.3% 3.3% 97.3% 
Non-Hispanic Other (%)  3.9% 4.0% 0.5% 48.0% 

      
Socioeconomic Status      
Education      

<High School (%)  11.3% 9.6% 0.0% 48.9% 
High School Grad (%)  22.2% 8.7% 3.0% 42.2% 

Some College (%)  29.8% 5.7% 14.8% 44.7% 
College Grad or Higher (%)  36.7% 17.7% 3.7% 78.7% 

      
Household Income      

<$15,000 (%)  11.6% 10.7% 0.0% 51.5% 
$15,000-$24,999 (%)  10.7% 5.8% 0.0% 28.7% 

$25-$49,999 (%)  27.8% 8.8% 3.3% 57.1% 
$50-$74,999 (%)  20.7% 6.3% 0.0% 35.1% 

$75,000 or higher (%)  29.2% 18.4% 0.0% 83.8% 
      
Poverty Level      

< Poverty Level (%)b  9.9% 11.3% 0% 51.9% 
      
Store Characteristics     
 n 

# 
stores 

    

Liquor Stores (Off-Sale) 152 0.5 0.8 0 5 
Supermarkets and Grocery Stores c 301 1.0 1.2 0 9 

Fruit/Vegetable Markets 15 0.05 0.31 0 3 
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Super-centersd 29 0.10 0.35 0 2 
 

a. Hispanic is not a mutually exclusive category. 
b.The 1999 Federal Poverty Level for a household of 4 is $17,029. 
c.Includes chain supermarkets and grocery stores. 

 d.Includes supercenters, large outlets with groceries, or membership warehouse stores (e.g., 
Target, Walmart, Kmart, Costco and Sam’s Club). 
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Table II. Relationship between Food Access and Alcohol Access by Socioeconomic 
Status 
  
 

Study Variables 
 

 
 

Pooled Low SESa 

 
High SES 

 

 
Relative Riskb 

(95%CI) 
Relative Riskc 

(95%CI) 
Relative Risk 

(95%CI) 
 

Supermarkets and Grocery 
Stores(counts) 

 
 

1.10 (0.97,1.24) 

 
 

0.93 (0.80,1.08) 

 
 

1.47***(1.21,1.80) 
 

 CI=Confidence Interval   ***p<0.0001. 
 a. Low and high SES are median splits based on % <$15,000 household income levels.    

b.Adjusted for education, household income, commercial land use area, and racial/ethnic 
composition (% Hispanic).  

c. Stratified models adjusted for commercial land use area and racial/ethnic composition 
(% Hispanic).  
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Figure 1. Map of Liquor Stores, Supermarkets and Grocery Stores, Fruit and 
Vegetable Markets, and Supercenters in Hennepin County by Census Tract  
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Does the Retail Environment Mediate the Effects of Neighborhood Socioeconomic 
Status on Excessive Drinking? 

Abstract 

Objective. Our study examined whether select neighborhood social conditions 
are associated with excessive drinking.  We hypothesized that living in a neighborhood 
with lower socioeconomic status would be associated with higher alcohol consumption 
after controlling for individual level socioeconomic status.  Further, we hypothesized 
that the relationship between neighborhood SES and alcohol consumption would be 
mediated by alcohol outlet density or retail mix.  

 
Methods. We used two self-report measures to assess excessive drinking: heavy 

episodic drinking and volume of alcohol consumed in a multi-ethnic sample of 9,959 
adults.  We measured neighborhood SES as median annual household income based on 
U.S. Census data.   Alcohol outlet density was measured using the number (i.e. count) 
of liquor stores divided by the census tract area (square miles).  The mix of liquor and 
food stores in neighborhoods was assessed using a categorical variable based on the 
number (count) of liquor and number of food stores using data from InfoUSA.  
Weighted hierarchical linear and Poisson regression were used to test study hypotheses.  

 
Results. Neighborhood SES and alcohol outlet density were not associated with 

excessive drinking.  However, retail mix was associated with heavy episodic drinking.  
Individuals living in census tracts with only liquor stores had a 46% higher risk of 
heavy episodic drinking than individuals living in neighborhoods with only food stores 
only.   

 
 Conclusion. Neighborhood characteristics such as retail mix may partly explain 
rates of excessive drinking in communities.  Future research on social conditions 
influencing alcohol consumption should explore the mix of stores, not just the over-
concentration of liquor stores in neighborhoods. Our finding on the relationship 
between retail mix and binge drinking has not been previously reported. 

 

 
Keywords: alcohol outlet density, heavy episodic drinking, excessive drinking, alcohol 
consumption, alcohol retail environment  
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Introduction 

Excessive drinking is a significant public health problem in the U.S.  

Approximately two-thirds of adults in the U.S. consume some alcohol.1  Studies suggest 

that about 15 percent of Americans engage in excessive drinking, defined as a pattern of 

alcohol consumption of 5 or more drinks on a single occasion for men or 4 or more 

drinks on a single occasion for women.1  Excessive drinking contributes to 79,000 

excess deaths annually2 and is associated with cardiovascular disease, several cancers, 

liver cirrhosis3-7 and social problems including drinking and driving, homicide, and 

other types of crime.2, 6, 8-12 

Features of the neighborhoods where people live may contribute to excessive 

drinking. Two neighborhood characteristics in particular may be important in 

understanding alcohol consumption--neighborhood socioeconomic status (SES), and the 

retail environment in neighborhoods (e.g., alcohol outlet density and the mix of liquor 

and food stores).  Studies have found that living in a low SES neighborhood is 

associated with higher alcohol consumption.11, 13-17,39,  In a recent prospective study, 

Cerda and colleagues (2010) found that a one percent increase in proportion of adult 

residents living in poverty was associated with an 86% increase in odds of heavy 

episodic drinking.13  They also found that neighborhood cumulative poverty (mean 

percent poverty, for 6 time periods from 1985-2001) was significantly associated with a 

53% increase in number of drinks per week after controlling for individual 

socioeconomic status.  Similarly, Stimpson and colleagues (2007) reported that higher 

neighborhood deprivation was positively associated with higher odds of excessive 
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drinking after controlling for age, gender, education, income, employment status, 

race/ethnicity, marital status, body mass index, and number of chronic conditions.17 

One potential explanation for the higher levels of excessive drinking in low SES 

neighborhoods is that liquor stores are often over-concentrated in low SES 

neighborhoods,15, 18-21  and higher alcohol outlet density (i.e, number of alcohol outlets 

per population) is associated with higher levels of alcohol of consumption.9, 22-25  Thus, 

alcohol outlet density may mediate the relationship between neighborhood SES and 

alcohol consumption. Romley et al. (2007) studied the relationship between 

neighborhood socioeconomic and alcohol outlet density (i.e., number of liquor stores 

per zip code) and found the density of liquor stores was greater among predominantly 

minority, non-white lower-income areas than among predominantly white lower-and 

higher-income areas.  Schonlau and colleagues (2008) examined the relationship 

between the density of off-premise alcohol outlets and alcohol consumption in Los 

Angeles County and Southern Louisiana and found that the density of off-premise 

alcohol outlets within census tracts and within 1 mile buffers in Louisiana was 

positively associated with alcohol consumption after adjusting for age, race/ethnicity, 

gender, and household income.22  Truong and Sturm (2007) in the largest study to date 

examined the relationship between alcohol outlet density and heavy drinking among 

36,953 adults within 1,600 census tracts and found that the number of on-sale 

establishments was associated with heavy drinking episodes after controlling for 

employment, marital status, education, age, race/ethnicity, and household income;23  

however, off-sale outlet density was not associated with heavy drinking.   
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Although studies in the alcohol literature suggest that alcohol outlet density may 

mediate the relationship between low neighborhood SES and alcohol consumption, only 

one study that we are aware of has tested this hypothesis.  Pollack and colleagues found 

a positive association between neighborhood SES and heavy drinking, however alcohol 

outlet density was not significantly associated with heavy drinking, and thus did not 

mediate the relationship between neighborhood deprivation and heavy alcohol 

consumption.15  The study by Pollack however did not test whether other aspects of the 

retail environment medicated the relationship between neighborhood deprivation and 

heavy drinking.  

Other aspects of the retail environment such as the mix of liquor and food stores 

may be particularly important in understanding excessive drinking in low SES 

neighborhoods, but no studies to date have tested this hypothesis.  As previously 

mentioned studies in the alcohol literature have found that low SES neighborhoods tend 

to have more liquor stores. 15, 18-21  Studies in the food literature suggest that low SES 

neighborhoods also tend to have fewer chain grocery stores.19-23  Powell et al. (2007) 

investigated the association between neighborhood median household income, 

racial/ethnic neighborhood composition, and density of food retail outlets in the U.S. 

(n=28,050 zip code areas).26  Food retail outlets included chain supermarkets, non-chain 

supermarkets, grocery stores, and convenience stores.  Powell and colleagues found that 

low-income areas had significantly fewer chain supermarkets than middle-income and 

high-income zip codes after controlling for neighborhood racial/ethnic composition.  

When low SES neighborhoods have many liquor stores and few or no chain food stores, 
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heavy drinking may be more likely to be viewed as acceptable behavior and alcohol 

may take priority over making healthy lifestyle choices.  

In this manuscript, we examined whether living in neighborhoods that are low 

SES was associated with excessive drinking after controlling for individual 

socioeconomic status.  Further, we examined whether retail environment factors such as 

alcohol outlet density or retail mix would mediate the relationship between 

neighborhood SES and alcohol consumption in a large urban county in Minnesota.  In 

Minnesota, beverages with alcohol content greater than 3.2% are only sold in liquor 

stores. We hypothesized that living in a neighborhood with lower socioeconomic status 

would be associated with higher alcohol consumption after controlling for individual 

SES, and the relationship between neighborhood SES and alcohol consumption would 

be mediated by alcohol outlet density or retail mix. 

Our study builds on current research on neighborhood characteristics and 

drinking behavior.  While previous studies have examined the relationship between 

neighborhood SES and drinking behavior,11, 13-17,39, no studies have explored how the 

mix of liquor and food stores may mediate the relationship between neighborhood SES 

and alcohol consumption.  Results from our study will therefore further understanding 

how the larger retail environment in neighborhoods affects drinking behavior.  
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Methods 

Study Design  

A cross-sectional, multilevel study design was used to test our study hypotheses. 

Multilevel study designs permit the researcher to analyze characteristics at the level of 

the individuals (e.g., alcohol consumption) and at the level of the neighborhoods (e.g., 

retail environment) simultaneously, while also accounting for the correlation of 

individuals within neighborhoods. 

Data Collection 

Individual level data.  Individual data for this study were drawn from the 2002 

Survey of the Health of Adults, the Population, and the Environment (SHAPE), which 

was designed to examine individual, social, and environmental factors that affect the 

health of Hennepin County residents in Minnesota.  Hennepin County is comprised of 

10 cities including the city of Minneapolis.27  The SHAPE sample is unique in that it 

includes a large and racial/ethnically diverse sample of residents including some of the 

major immigrant groups in Minnesota (e.g., Hmong, Vietnamese, Somali).  

The SHAPE study employed a stratified sampling design to recruit participants. 

First, geographic sampling areas (i.e., cities) were subdivided into 17 neighborhoods. 

Second, census tracts within the 17 neighborhoods that had a more racial and ethnic 

minority groups were oversampled (African American, Hispanic, Hmong, Vietnamese, 

Somali, and American Indian). One adult per household was selected using the most 
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recent birthday technique.28 A total of 15,231 persons were recruited and 9959 agreed to 

participate in the SHAPE survey. One hundred thirty-nine participants were removed 

from the sample due to incomplete interviews, yielding an overall response rate of 

66.3%.28 

Respondents were interviewed by phone using a 30-minute structured 

questionnaire. In-person interviews (n=178) also were conducted to increase 

participation for hard-to-reach populations (e.g., American Indians; African-Born Black 

groups). Ten percent of the completed surveys were conducted in a language other than 

English (n=991 Spanish, Hmong, Somali, and Vietnamese language interviews). The 

instrument was reviewed extensively by experts from several local and national health 

organizations (e.g., CDC) and field-tested with staff from over 40 local health 

organizations serving minority and immigrant populations. The instrument covered a 

broad range of health topics including alcohol and tobacco use, and fruit and vegetable 

intake.  This study was approved by the University of Minnesota Institutional Review 

Board (#0911E74635). 

Neighborhood level data.   Neighborhood level data on Hennepin County where 

SHAPE respondents resided were drawn from two main sources:  the U.S. Census 

(2000) and InfoUSA Business Dataset (2002). Census Decennial data were acquired 

from the U.S. Census to assess neighborhood socioeconomic status (Summary Files 1 

and 3).27  Data from the InfoUSA business dataset were used to estimate GIS-derived 

counts of food (n=345) and liquor stores (n=152) stores (n=497).29  InfoUSA included 
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geocoded information on food stores (supermarket and grocery stores) and liquor 

stores.29 We linked the two sources by census tract codes in the Hennepin County 

Metropolitan Area, Minnesota (n=298). 27  The Hennepin County Metropolitan Area is 

557 square miles and has a population of about 1,140,988 people or 456,129 

households.27   

 Measures 

Individual Level Measures  

Dependent variables.  Alcohol consumption served as the primary dependent 

variable. Two measures of excessive drinking were used: heavy episodic drinking and 

volume of alcohol consumed. Heavy episodic drinking was selected to characterize 

excessive alcohol drinking patterns and was defined as consuming five or more drinks 

during a single occasion in the past 30 days and was assessed by asking respondents: 

“Considering all types of alcoholic beverages, how many times during the past 30 days 

did you have five or more drinks on an occasion?“30, 31  We focused on this drinking 

pattern because volume alone may not adequately capture excessive drinking patterns 

such as heavy episodic drinking.32, 33  Alcohol volume was defined as the number of 

drinks per day in the past month and was derived by multiplying the quantity of drinks 

consumed per day by the frequency of drinking days.  Respondents were asked two 

questions: “”During the past 30 days, how often have you had at least one drink of any 

alcoholic beverage?” and “On the days when you drank, about how many drinks did 

you drink on average?” The quantity-frequency method is a widely-used approach for 
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measuring alcohol use in the general population and has been used in previous studies 

examining diet and alcohol consumption.34-37  

Covariates. Covariates included age, gender, race/ethnicity (Hispanic, Non-

Hispanic White, Non-Hispanic U.S. born Black, African, Asian Pacific Islander, 

Southeast Asian, American Indian), education (< High School, High School Grad, 

Some College, College Grad or Higher), household income (<$25,000, $25k-$49,999, 

$50k-$74,999, $75,000 or higher), immigrant status (born outside of U.S., U.S. 

Citizen), and marital status (Married or Unmarried Couple, 

Separated/Divorced/Widowed/Other, Never Married).  These variables served as 

covariates in the adjusted models because studies have shown that these variables are 

related to alcohol use.35, 38-43  In addition to demographic variables, we also controlled 

for lifestyle factors such as fruit and vegetable intake, because a prior analysis using 

SHAPE data found that fruit and vegetable intake was significantly associated with 

alcohol consumption (Shimotsu et al., under review). 

Neighborhood-Level Measures  

Neighborhood SES and the neighborhood retail environment were the primary 

independent variables.  Below we described how these variables were measured. 

Neighborhood SES.  The primary measure to assess neighborhood SES was 

median household income (% less than $15,000).  We selected this continuous measure 

because it has been widely used in previous multilevel studies that examined the 

association between neighborhood SES and alcohol consumption.11, 13-17   In addition, 
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we examined the use of other indicators of neighborhood SES such as education (% less 

than high school, % high school graduate, % some college, % college graduate or 

higher), and poverty (% poverty). 

 Retail Environment.  Two measures of the neighborhood retail environment 

were used:  alcohol outlet density and the mix of liquor and food stores.  To measure 

alcohol outlet density, we constructed a measure that computed the number (i.e. count) 

of liquor stores divided by the census tract area (square miles).  This variable served as 

alcohol outlet density measure because the measure is widely used to examine alcohol 

availability and drinking.7, 15  To measure the mix of liquor and food stores, we 

constructed a categorical variable based on the number (count) of liquor stores and 

number (count) of food stores by census tract (liquor stores only, food stores only, both 

liquor and food stores, neither liquor stores nor food stores).  We used the North 

American Industry Classification System (NAICS) codes to classify liquor and food 

stores. Food store categories included supermarket and grocery stores (NAICS Code 

#445110), fruit and vegetable markets (#44523), and supercenters (#445211).29  We 

included fruit and vegetable markets and supercenters because they are known to carry 

healthful foods such as fruits and vegetables.44, 45  NAICS codes have been widely used 

in previous studies of grocery stores and alcohol outlets.46-48  Additionally, NAICS 

codes are routinely updated by the U.S. federal government to account for changes in 

how businesses are classified to minimize misclassification errors.29 
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Analyses 

First, we used separate Poisson regression models to test hypothesis that living 

in a neighborhood with lower socioeconomic status would be associated with higher 

alcohol consumption after controlling for individual level SES.  Given that binge 

drinking was not rare (16.7%), we used Poisson regression to estimate effects.49  We ran 

separate unadjusted and adjusted Poisson models to compute risk ratios and 95% 

confidence intervals.  Our primary dependent variable was excessive drinking and our 

primary independent variable was neighborhood SES.  Second, separate Poisson models 

were fit including retail environment variables to test the hypothesis that the 

relationship between neighborhood SES and alcohol consumption would be mediated 

by alcohol outlet density or retail mix, .50, i.e., the relationship between neighborhood 

SES and excessive drinking would disappear or be reduced  after the inclusion of retail 

environment variables in the models  We fit separate models for alcohol outlet density 

and retail mix because these variables were too highly correlated and would only enable 

us to analyze areas with some liquor stores.  We included a random intercept for census 

tract to account for the clustering of individuals within census tracts.  All individual 

estimates were weighted to account for the SHAPE complex survey design.28, 51  

Adjusted models also controlled for individual age, sex, education, household income, 

race/ethnicity, immigrant status, marital status and fruit and vegetable intake.  All 

analyses were conducted in STATA 10.0 (Stata Corporation, College Station, TX) using 

generalized linear latent and mixed models (GLLAMM) procedure.52 
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We conducted multiple imputation of missing data to account for the high 

number of non-responses for the household income variable (3,362 of 9,959 missing 

responses) using multiple imputation by chained equations (MICE) in STATA to create 

the imputed household income variable.53  The MICE procedure is an iterative process 

using multiple simulations that imputes the most plausible household income value 

based on main study covariates (age, gender, race/ethnicity, immigrant status, 

education, marital status) as well as the main dependent variable (heavy episodic 

drinking).  The iterative process assumes that data are missing at random; that is, that 

the missingness does not depend on unobserved covariates.  This method is appropriate 

for large sample surveys such as ours.54 

 

Results 

Sample Characteristics 

The SHAPE sample included approximately equal percentages of men and 

women (49% vs.51%).  The mean age of the sample was 43 years. Most respondents 

had household incomes greater than $50,000, and were highly educated (71% some 

college or higher) (Table 1).  The sample was also racially/ethnically diverse and 

included Non-Hispanic Whites (70%), Hispanics (5%), Non-Hispanic, U.S. born Blacks 

(14%), Africans (3%), Other Asian/Pacific Islanders (1%), Southeast Asians (3%), and 

American Indians (2%).  Thirteen percent of the sample was born outside of the U.S.  

Adults had a mean intake of four servings of fruits and vegetables per day and 
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consumed one half of a drink of alcohol per day.  Over 16% of the respondents had 

engaged in heavy episodic drinking in the past 30 days. 

Demographic Characteristics of Study Neighborhoods  

Our neighborhoods or census tracts were on average more highly educated and 

less racially and ethnically diverse than nationally.  Study neighborhoods had higher 

median household income levels on average ($53,000) than the approximate $42,000 

national average (Table 1). 27  On average, study neighborhoods had approximately less 

than one alcohol outlet per square mile.  About 31% of census tracts had food stores 

only and 31% of census tracts had neither liquor stores nor food stores. Thirty percent 

had both liquor stores and food stores and 8% had liquor stores only (See Figure 1). 

Multivariate Analyses 

In multi-level analyses, model 1 (Table 2), showed that living in a low SES 

neighborhood was not significantly associated with heavy episodic drinking.  When we 

added individual SES variables to the model (Model 2), only education and income 

were significantly related to heavy episodic drinking.  Individuals with less than a high 

school education were less likely to engage in heavy episodic drinking compared to 

individuals with a college degree or higher.  Also, individuals with household incomes 

of $25,000 to $49,000 were less likely than individuals making $75,000 or higher to 

engage in heavy episodic drinking. Because neighborhood SES was not associated with 

heavy episodic drinking, we did not test whether retail environment variabies mediated 

the relationship between low neighborhood SES and excessive drinking. 
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Model 3 (Table 2), which adjusted for individual SES and other covariates, 

shows that alcohol outlet density was not independently associated with heavy episodic 

drinking; However, Model 4 shows that the mix of liquor and food stores in 

neighborhoods was independently associated with heavy episodic drinking even after 

adjusting for individual level education, household income, age, sex, race/ethnicity, 

immigrant status, marital status, neighborhood SES, and fruit and vegetable intake 

(Table 2).  Individuals living in census tracts with only liquor stores had a 46% higher 

risk of heavy episodic drinking than individuals living in neighborhoods with only food 

stores. 

Neither neighborhood SES, alcohol outlet density nor the mix of liquor and food 

stores in neighborhoods was associated with volume of alcohol consumed (data not 

shown). 

Discussion 

We found that neighborhood SES was not associated with heavy episodic 

drinking whether we measured neighborhood SES by income or education.  Our results 

on the relationship between neighborhood SES and alcohol consumption are consistent 

with a study by Macintyre (2000) who also did not find an association between higher 

area level deprivation and mean number of  drinks in the past week.55  We did find 

however that individual level measures of socioeconomic status were associated with 

lower alcohol consumption.  In our study, having less than a high school education and 

a lower household income between $25,000 to $49,000 were associated with lower 
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alcohol consumption.   Thus, in neighborhoods such as ours, individual SES may be 

more strongly associated with excessive drinking than neighborhood SES.  

 We also found that having liquor stores, but not food stores in neighborhoods 

was independently associated with heavy episodic drinking after taking individual 

factors into account.  This finding has not been previously reported.  Neighborhoods 

with only liquor stores and no grocery stores may send a message that excessive 

drinking is appropriate and encourage unhealthy choices.  This may be particularly true 

for individuals with more financial resources in low SES neighborhoods.  

Surprisingly, we did not find that living in a neighborhood with higher alcohol 

outlet density was independently associated with heavy episodic drinking or alcohol 

volume.  When alcohol is sold only in liquor stores as in the case of Minnesota, alcohol 

outlets may not become over-concentrated and alcohol may simply be less available.  In 

Hennepin County a majority of census tracts did not have any liquor stores (185 of 298) 

and approximately 2/3 of our sample lived in census tracts without a liquor store 

(n=5,689). It is important to note that other studies have also reported no association 

between higher alcohol outlet density and higher alcohol consumption.15, 23 

Limitations 

The limitations of our study should be noted.  First, we were unable to determine 

the direction of causality between retail mix and heavy episodic drinking given the 

cross-sectional nature of our data. Although living in a neighborhood with only liquor 

stores and no food stores was associated with excessive drinking, the reverse may also 
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be true; 56  individuals with excessive drinking patterns may choose to live in areas with 

more liquor stores.  Future studies may wish to collect information on how individuals 

chose their neighborhoods to address this issue or whether individual drinking behavior 

changes in response to changing neighborhood conditions (e.g., opening a new grocery 

store).  Second, this study assumed that individuals shop in the same census tracts 

where they live, and this may not be the case. Individuals may purchase alcohol outside 

their census tract areas.57  Third, we used a multiple imputation method to account for 

the high number of non-responses for the household income variable.  Thus, our results 

may reflect certain reporting bias.  Fourth, we did not assess the social or normative 

environment surrounding drinking (e.g., perceived norms of drinking in 

neighborhoods). Studies have found that more liberal drinking norms are associated 

with greater alcohol consumption.58, 59  Future studies may wish to include such 

variables.   

Despite these limitations, our study has implications for developing 

interventions to reduce excessive drinking.  Our findings suggest that strategies to 

reduce excessive drinking should focus on the larger retail environment and not just the 

over-concentration of liquor stores in neighborhoods, e.g., encouraging a greater mix of 

retail stores.  Future studies are needed on on the appropriate mix of liquor and food 

stores and other businesses in communities. 
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Conclusion 

Features of the neighborhoods where people live may contribute to heavy 

episodic drinking.  One important factor to consider is the mix of liquor and food stores 

in neighborhoods. 
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Table 1. Characteristics of SHAPE Participants and Neighborhood Level 

Variablesa 

 N Mean (SE)a or Percent 
Individual Level   
Total number of Adults 9641  
   
Female (%) 4974 51.6 
   
Age (years) 9641 42.7 (0.3) 
   
Born Outside of the U.S. (%)       1213 12.6 
   
Race/Ethnicityb (%) 9641  

Hispanic 488 5.1 
Non-Hispanic  White 6714 69.6 

     Non-Hispanic U.S. born Black  1321 13.7 
  African 325 3.4 

  Southeast Asian 264 2.7 
Other Asian Pacific Islander  112 1.2 

      American Indian 198 2.1 
Other/Don’t Know 219 2.2 

   
Education (%) 9477  

< High School 594 6.3 
High School Grad 2132 22.6 

Some College 2992 31.5 
College Grad or Higher 3759 39.6 

   
Household Income (%) 9453   

 <$25,000 1403 14.8 
$25k-$49,999 1993 21.1 
$50k-$74,999 2163 22.9 

$75,000 or higher 3894 41.2 
   

Marital Status (%) 9595  
Married or unmarried Couple 5898 61.4 

Separated/Divorced/Widowed/Other 1368 14.3 
Never Married 2330 24.3 

   
Fruit/vegetable Intake   
(mean # servings/ day) 

9753 3.9 (0.06) 
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 Alcohol Consumption   
Heavy episodic drinking (%)  1537 16.1 
Volume(mean # drinks/day) 9546 .45 (0.02) 

   
   
   
   
   
   
Neighborhood Level Variables   
   
Socioeconomic Status   
Education   

   <High School (%)  11.3% 
High School Grad (%)  22.2% 

   Some College (%)  29.8% 
College Grad or Higher (%)          36.7% 

Household Income   
   <$15k (%)  11.6% 

   $15,000-$24,999 (%)  10.7% 
$25-$49,999 (%)  27.8% 
$50-$74,999 (%)  20.7% 

$75,000 or higher (%)  29.2% 
   
Alcohol Outlet Density (# liquor stores/mile2; 
mean (SD)) 

 .72 (1.7) 

   
Mix of Liquor and Food Stores     

Liquor Stores only (%)   8.4% 
Liquor Stores and Food Stores (%)  29.5% 

No  Liquor Stores or Food Stores (%)  31.2% 
Food Stores only (%)   30.9% 

   
Abbreviations: -SD-Standard Deviation. SHAPE-Survey of the Health of All the Population and the Environment.  
a Individual level Estimates were weighted to account for the SHAPE complex survey design. 
b All Racial/ethnic  groups were mutually exclusive categories (Non-Hispanics). Hispanic/Latino and race are not 
mutually exclusive; a person of Hispanic/Latino ethnicity may be of any race.  
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Table 2 Multi-Level Analyses: Relationships between Neighborhood Level 
Variables and Heavy Episodic Drinking (Dependent Variable) 

 Model 1 Model 2 Model 3 Model 4 
 RRa (95% CI) RRa,b (95% 

CI) 
RRa,b (95% 
CI) 

RRa,b (95% 
CI) 

     
Individual Level 
Variables 

    

Education     
< High School  .69* (.49,.96) .70* (.50,.97) .69* (.50,.97) 
High School Grad  1.01 (.84,1.21) 1.01 (.84,1.22) .99 (.82,1.20) 
Some College  .99 (.83,1.17) .99 (.83,1.17) .99 (.83,1.17) 
College Grad or Higher 
(reference group) 

  --  

     
Household Income      
 <$25,000  .82 (.64,1.04) .81 (.64,1.03) .81(.64,1.03) 
$25k-$49,999  .82* (.70,.96) .82* (.70,.96) .82* (.70,.96) 
$50k-$74,999  1.00 (.83,1.19) .99 (.83,1.19) 1.00 (.84,1.19) 
$75,000 or higher 
(reference group) 

 -- --  

     
Neighborhood Level 
Variables 

    

Household Income 
(%<$15k) 

1.88 (.92,3.85) 1.57 (.90,2.75) 1.39 (.81,2.39) 1.39 (.80,2.43) 

     
Alcohol Outlet Density  
(# liquor stores/mile2) 

  1.03 (.99,1.08)  

     
Mix of Liquor and 
Food Stores  

    

Liquor Stores only     1.46* 
(1.03,2.07) 

Liquor Stores and Food 
Stores  

   .88 (.75,1.02) 

No Liquor Stores  or 
Food Stores 

   .91 (.75,1.09) 

Food Stores only (ref)    -- 
     

Abbreviations: CI-Confidence Interval. RR-Risk Ratio. SE-Standard Error. *p<0.05.   
Models: Model 1: Model with Neighborhood SES. 
 Model 2: Model with Neighborhood SES and individual covariates. 
 Model 3: Model with Neighborhood Neighborhood SES, Alcohol Outlet Density,and individual covariates. 
 Model 4: Model with Neighborhood Neighborhood SES, Retail Mix, and individual covariates.  
a Estimates were weighted to account for the SHAPE complex survey design. 
bAdjusted models controlled for individual age, sex, education, household income, race/ethnicity, immigrant status, 
marital status and fruit and vegetable intake.
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Figure 4.1. Map of Census Tracts with Only Liquor Stores in Hennepin County, 
MN 

 
 
 


	A DISSERTATION
	Scott Toshiro Shimotsu
	IN PARTIAL FULFILLMENT OF THE REQUIREMENTS
	FOR THE DEGREE OF
	DOCTOR OF PHILOSOPHY
	Dr. Rhonda Jones-Webb, Advisor
	Dr. Jean Forster, Co-Advisor
	Acknowledgements
	Dedication
	Abstract
	Objective.  Excessive drinking contributes to 79,000 excess deaths annually and is associated with cardiovascular disease, several cancers, liver cirrhosis and social problems including drinking and driving, homicide, and other types of crime.  The ov...
	Methods.  In Manuscript 1, we investigated the relationship between fruit and vegetable intake and alcohol consumption, and whether the inverse relationship between low fruit and vegetable intake and higher alcohol consumption was more pronounced amon...

	Table of Contents
	List of Tables
	Excessive drinking is a significant public health problem in the U.S.  Approximately two-thirds of adults consume any alcohol in the U.S.12  Studies suggest that about 15 percent of Americans engage in excessive drinking.12  Excessive drinking contrib...

	Studies have often focused on individual factors (e.g., individual socioeconomic status) and alcohol consumption12, 24-34, or neighborhood characteristics (e.g., neighborhood SES, alcohol outlet density) and excessive drinking.22, 35-39,39  However, f...
	The overarching goal of this dissertation was to test a conceptual model that examined the relationships between individual and neighborhood level characteristics and excessive drinking.  Each manuscript tested a particular aspect of the model.
	Individual Level Factors
	In Manuscript 1, we examined the role of individual factors such as diet and SES in explaining excessive drinking among adult residents in Hennepin County, MN.  Although excessive drinking and low fruit and vegetable intake contribute significantly to...
	Organization of the Dissertation
	Manuscript 1: Individual Level Analysis.  Manuscript 1 investigated the relationships between fruit and vegetable intake, socioeconomic status, and alcohol consumption in a large multi-ethnic sample of 9,959 adults from Hennepin County, MN, U.S. It ex...
	(1)  Fruit and vegetable intake will be inversely associated with alcohol consumption, and
	(2)  The inverse relationship between low fruit and vegetable intake and higher alcohol consumption will differ by SES.
	Manuscript 2: Ecological Analysis.  Manuscript 2 examined the relationships between food and alcohol access and neighborhood socioeconomic status using census tract data and geographical business data for Hennepin County.  It examined the relationship...
	Prevalence of Fruit and Vegetable Intake and Alcohol Consumption
	Low fruit and vegetable consumption is known to contribute to a variety of health problems including cardiovascular disease (e.g., coronary heart disease, stroke, and total circulatory disease), diabetes mellitus, some cancers (e.g., pancreas, stomach...
	Approximately two-thirds of Americans consume alcohol in the U.S.12  Studies suggest that about 15 percent of Americans engage in excessive drinking.12  Excessive drinking contributes to 79,000 excess deaths annually .13  It is associated with cardiov...



	Health behaviors such as poor diet and excessive drinking may cluster together. According to Problem Behavior theory, individuals who engage in one behavior may also be more likely to engage in other problem behaviors.50  Proponents of this theory arg...
	The Relationship Between Low Fruit and Vegetable Intake and Higher Alcohol Consumption
	A consistent number of studies have shown that socioeconomic variables such as lower education and low income may increase the risk of inadequate fruit and vegetable intake.54, 65-68.  Miller and colleagues (2005) investigated the relationship between...
	In a similar study, Kant and colleagues (2007) used data from NHANES I (1971-1975), II (1976-1980) and III (1988-1994).  The nationally-representative U.S. sample included adult men and women aged 25-74 (n=36,000).  Data on fruit and vegetable intake ...
	Studies also have examined the relationship between socioeconomic status and alcohol consumption, but findings have been mixed.  Some studies have reported that higher alcohol consumption is more common among the poor12, 24-31, while others have found...
	Karlamangla and colleagues (2006) examined the relationship between socioeconomic position and heavy drinking among a national U.S. sample of 14,127 men and women aged 25-70 (1971-1974).27  Alcohol use was measured in terms of the on quantity and freq...

	Independent variables. Key independent variables included fruit and vegetable intake and socioeconomic status.  Two items were used to assess fruit/vegetable intake: “how many servings of fruit did you eat yesterday (including 100% fruit juice)?” and ...
	Measures of individual SES included education (< High School, High School Grad, Some College, College Grad or Higher) and household income (<$25,000, $25k-$49,999, $50k-$74,999, $75,000 or higher).  These variables were chosen because they have been u...
	A cross-sectional ecological study design was used to test study hypotheses.  Ecological study designs are appropriate for studying population level data such as ours.  However, ecologic studies are subject to ecologic fallacy, a potential source for ...
	Measures
	Features of the neighborhoods where people live may contribute to excessive drinking.  Two neighborhood characteristics in particular may be important in understanding alcohol consumption--neighborhood socioeconomic status (SES), and the retail enviro...

	Data
	Study Design
	A cross-sectional, multilevel study design was used to test our study hypotheses. Multilevel study designs permit the researcher to analyze characteristics at the level of the individuals (e.g., alcohol consumption) and at the level of the neighborhoo...
	Measures
	Individual Level Measures
	Neighborhood-Level Measures
	Neighborhood SES and the neighborhood retail environment were the primary independent variables.  Below we described how these variables were measured.
	Retail Environment.  Two measures of the neighborhood retail environment were used:  alcohol outlet density and the mix of liquor and food stores.  To measure alcohol outlet density, we constructed a measure that computed the number (i.e. count) of li...
	Appendix C. NAICS Codes for Food and Alcohol Outlets (2002)
	______________________________________________________________
	NAICS Code


	Several U.S. and European studies have examined the relationship between alcohol consumption and fruit and vegetable intake.11-19 Findings from these studies consistently suggest that higher levels of alcohol consumption are associated with lower leve...
	Several studies have found a consistent association between socioeconomic status and fruit and vegetable intake.3, 32-34 Miller et al. (2005) found that having a lower income and no greater than a high school education were associated with the consump...
	Independent variables. Key independent variables included fruit and vegetable intake and socioeconomic status. Two items were used to assess fruit/vegetable intake: “how many servings of fruit did you eat yesterday (including 100% fruit juice)?” and “...
	Measures of individual SES included education (< High School, High School Grad, Some College, College Grad or Higher) and household income (<$25,000, $25k-$49,999, $50k-$74,999, $75,000 or higher). These variables were chosen because they have been us...
	1. US Department of Health and Human Services. Healthy People 2020. Washington D.C.: U.S. Government Printing Office; 2010.
	2. Mokdad AH, Marks JS, Stroup DF, Gerberding JL. Actual causes of death in the United States, 2000. Jama. Mar 10 2004;291(10):1238-1245.
	3. Casagrande SS, Wang Y, Anderson C, Gary TL. Have Americans increased their fruit and vegetable intake? The trends between 1988 and 2002. Am J Prev Med. 2007;32(4):257-263.
	4. Block G, Patterson B, Subar A. Fruit, vegetables, and cancer prevention: a review of the epidemiological evidence. Nutr Cancer. 1992;18(1):1-29.
	5. Ness AR, Powles JW. Fruit and vegetables, and cardiovascular disease: a review. Int J Epidemiol. Feb 1997;26(1):1-13.
	6. Corrao G, Bagnardi V, Zambon A, La Vecchia C. A meta-analysis of alcohol consumption and the risk of 15 diseases. Prev Med. May 2004;38(5):613-619.
	7. Rehm J, Room R, Monteiro M, et al. Alcohol as a risk factor for global burden of disease. Eur Addict Res. Oct 2003;9(4):157-164.
	8. Rehm JT, Bondy SJ, Sempos CT, Vuong CV. Alcohol consumption and coronary heart disease morbidity and mortality. Am J Epidemiol. Sep 15 1997;146(6):495-501.
	9. Alaniz ML. Alcohol availability and targeted advertising in racial/ethnic minority communities. Alcohol Health and Research World. 1998;22(4):286-289.
	10. Scribner R, Cohen D, Kaplan S, Allen SH. Alcohol availability and homicide in New Orleans: conceptual considerations for small area analysis of the effect of alcohol outlet density. J Stud Alcohol. May 1999;60(3):310-316.
	11. Breslow RA, Guenther PM, Juan W, Graubard BI. Alcoholic beverage consumption, nutrient intakes, and diet quality in the US adult population, 1999-2006. J Am Diet Assoc. Apr 2010;110(4):551-562.
	12. Breslow RA, Guenther PM, Smothers BA. Alcohol drinking patterns and diet quality: the 1999-2000 National Health and Nutrition Examination Survey. Am J Epidemiol. Feb 15 2006;163(4):359-366.
	13. Serdula MK, Byers T, Mokdad AH, Simoes E, Mendlein JM, Coates RJ. The association between fruit and vegetable intake and chronic disease risk factors. Epidemiology. Mar 1996;7(2):161-165.
	14. Barefoot JC, Gronbaek M, Feaganes JR, McPherson RS, Williams RB, Siegler IC. Alcoholic beverage preference, diet, and health habits in the UNC Alumni Heart Study. Am J Clin Nutr. Aug 2002;76(2):466-472.
	15. La Vecchia C, Negri E, Franceschi S, Parazzini F, Decarli A. Differences in dietary intake with smoking, alcohol, and education. Nutr Cancer. 1992;17(3):297-304.
	16. Kesse E, Clavel-Chapelon F, Slimani N, van Liere M. Do eating habits differ according to alcohol consumption? Results of a study of the French cohort of the European Prospective Investigation into Cancer and Nutrition (E3N-EPIC). Am J Clin Nutr. S...
	17. Mannisto S, Uusitalo K, Roos E, Fogelholm M, Pietinen P. Alcohol beverage drinking, diet and body mass index in a cross-sectional survey. Eur J Clin Nutr. May 1997;51(5):326-332.
	18. Veenstra J, Schenkel JA, van Erp-Baart AM, et al. Alcohol consumption in relation to food intake and smoking habits in the Dutch National Food Consumption Survey. Eur J Clin Nutr. Jul 1993;47(7):482-489.
	19. Schroder H, Marrugat J, Elosua R, Covas MI. Tobacco and alcohol consumption: impact on other cardiovascular and cancer risk factors in a southern European Mediterranean population. Br J Nutr. Sep 2002;88(3):273-281.
	20. Jessor R, Graves TD, Hanson RC, Jessok SL. Society, Personality, and Deviant
	Behavior: a study of a tri-ethnic community: New York, Holt, Rinehan &
	Winston.; 1968.
	21. Jessor R. Risk behavior in adolescence: a psychosocial framework for understanding and action. J Adolesc Health. Dec 1991;12(8):597-605.
	22. Braveman P, Cubbin C, Marchi K, Egerter S, Chavez G. Measuring socioeconomic status/position in studies of racial/ethnic disparities: maternal and infant health. Public Health Rep. Sep-Oct 2001;116(5):449-463.
	23. Romley JA, Cohen D, Ringel J, Sturm R. Alcohol and environmental justice: the density of liquor stores and bars in urban neighborhoods in the United States. J Stud Alcohol Drugs. Jan 2007;68(1):48-55.
	24. Pollack CE, Cubbin C, Ahn D, Winkleby M. Neighbourhood deprivation and alcohol consumption: does the availability of alcohol play a role? Int J Epidemiol. Aug 2005;34(4):772-780.
	25. Bluthenthal RN, Cohen DA, Farley TA, et al. Alcohol availability and neighborhood characteristics in Los Angeles, California and southern Louisiana. J Urban Health. Mar 2008;85(2):191-205.
	26. Moore LV, Diez Roux AV. Associations of neighborhood characteristics with the location and type of food stores. Am J Public Health. Feb 2006;96(2):325-331.
	27. Powell LM, Slater S, Mirtcheva D, Bao Y, Chaloupka FJ. Food store availability and neighborhood characteristics in the United States. Prev Med. Mar 2007;44(3):189-195.
	28. Zenk SN, Schulz AJ, Hollis-Neely T, et al. Fruit and vegetable intake in African Americans income and store characteristics. Am J Prev Med. Jul 2005;29(1):1-9.
	29. Krieger N. Theories for social epidemiology in the 21st century: an ecosocial perspective. Int J Epidemiol. Aug 2001;30(4):668-677.
	30. Drewnowski A, Specter SE. Poverty and obesity: the role of energy density and energy costs. Am J Clin Nutr. Jan 2004;79(1):6-16.
	31. Armour BS, Pitts MM, Lee CW. Cigarette smoking and food insecurity among low-income families in the United States, 2001. Am J Health Promot. Jul-Aug 2008;22(6):386-392.
	32. Miller RR, Sales AE, Kopjar B, Fihn SD, Bryson CL. Adherence to heart-healthy behaviors in a sample of the U.S. population. Prev Chronic Dis. Apr 2005;2(2):A18.
	33. Kant AK, Graubard BI. Secular trends in the association of socio-economic position with self-reported dietary attributes and biomarkers in the US population: National Health and Nutrition Examination Survey (NHANES) 1971-1975 to NHANES 1999-2002. ...
	34. De Irala-Estevez JD, Groth M, Johansson L, Oltersdorf U, Prattala R, Martinez-Gonzalez MA. A systematic review of socio-economic differences in food habits in Europe: consumption of fruit and vegetables. Eur J Clin Nutr. Sep 2000;54(9):706-714.
	35. Mossakowski KN. Is the duration of poverty and unemployment a risk factor for heavy drinking? Soc Sci Med. Sep 2008;67(6):947-955.
	36. (CDC) CfDCaP. Behavioral Risk Factor Surveillance System Survey Data. Available at: http://www.cdc.gov/brfss/technical_infodata/surveydata.htm.
	37. Dawson DA, Grant BF, Chou SP, Pickering RP. Subgroup variation in U.S. drinking patterns: results of the 1992 national longitudinal alcohol epidemiologic study. J Subst Abuse. 1995;7(3):331-344.
	38. Mulia N, Ye Y, Zemore SE, Greenfield TK. Social disadvantage, stress, and alcohol use among black, Hispanic, and white Americans: findings from the 2005 U.S. National Alcohol Survey. J Stud Alcohol Drugs. Nov 2008;69(6):824-833.
	39. Karlamangla A, Zhou K, Reuben D, Greendale G, Moore A. Longitudinal trajectories of heavy drinking in adults in the United States of America. Addiction. Jan 2006;101(1):91-99.
	40. Casswell S, Pledger M, Hooper R. Socioeconomic status and drinking patterns in young adults. Addiction. May 2003;98(5):601-610.
	41. Greenfield TK, Midanik LT, Rogers JD. A 10-year national trend study of alcohol consumption, 1984-1995: is the period of declining drinking over? Am J Public Health. Jan 2000;90(1):47-52.
	42. Droomers M, Schrijvers CT, Mackenbach JP. Educational differences in starting excessive alcohol consumption: explanations from the longitudinal GLOBE study. Soc Sci Med. May 2004;58(10):2023-2033.
	43. Droomers M, Schrijvers CT, Stronks K, van de Mheen D, Mackenbach JP. Educational differences in excessive alcohol consumption: the role of psychosocial and material stressors. Prev Med. Jul 1999;29(1):1-10.
	44. Hilton ME. Demographic characteristics and the frequency of heavy drinking as predictors of self-reported drinking problems. Br J Addict. Aug 1987;82(8):913-925.
	45. Hilton ME. A Note on Measuring Drinking Problems in the 1984 Alcohol Survey. In: University S, ed. Alcohol in America: Drinking Practices and Problems. Albany,New York: New York Press; 1991.
	46. Lantz PM, Lynch JW, House JS, et al. Socioeconomic disparities in health change in a longitudinal study of US adults: the role of health-risk behaviors. Soc Sci Med. Jul 2001;53(1):29-40.
	47. Baker EA, Schootman M, Barnidge E, Kelly C. The role of race and poverty in access to foods that enable individuals to adhere to dietary guidelines. Prev Chronic Dis. Jul 2006;3(3):A76.
	48. Chung C, Meyers S. Do the poor pay for more food? An analysis of grocery store availability and price disparities. J Consumer Affairs. 1999;33:276-296.
	49. Census. U.S. Census Bureau Decennial Data. Available at: http://www.census.gov/geo/www/cen_tract.html.
	50. Unit. A. SHAPE Methodology Report-Human Services and Public Health Department. Minneapolis: Hennepin County Assessment Unit, Human Services and Public Health Department; 2004.
	51. Dillman DA, Phelps G. Response rate and measurement differences in mixed-mode surveys using mail, telephone, interactive voice response (IVR) and the Internet. Social Science Research. 2009;38(1):1-18.
	52. Stahre M, Naimi T, Brewer R, Holt J. Measuring average alcohol consumption: the impact of including binge drinks in quantity-frequency calculations. Addiction. Dec 2006;101(12):1711-1718.
	53. Naimi TS, Brewer RD, Mokdad A, Denny C, Serdula MK, Marks JS. Binge drinking among US adults. Jama. Jan 1 2003;289(1):70-75.
	54. Midanik LT. Comparing usual quantity/frequency and graduated frequency scales to assess yearly alcohol consumption: results from the 1990 US National Alcohol Survey. Addiction. Apr 1994;89(4):407-412.
	55. Greenfield TK, Kerr WC. Alcohol measurement methodology in epidemiology: recent advances and opportunities. Addiction. Jul 2008;103(7):1082-1099.
	56. Resnicow K, Odom E, Wang T, et al. Validation of three food frequency questionnaires and 24-hour recalls with serum carotenoid levels in a sample of African-American adults. Am J Epidemiol. Dec 1 2000;152(11):1072-1080.
	57. Krieger N, Williams DR, Moss NE. Measuring social class in US public health research: concepts, methodologies, and guidelines. Annu Rev Public Health. 1997;18:341-378.
	58. Lynch J, Kaplan G. Socioeconomic Position. In: L.F. B, Kawachi I, eds. Social Epidemiology. Vol 1. Oxford,: Oxford University Press; 2000.
	59. Singh GK, Siahpush M. Ethnic-immigrant differentials in health behaviors, morbidity, and cause-specific mortality in the United States: an analysis of two national data bases. Hum Biol. Feb 2002;74(1):83-109.
	60. Ball K, Crawford D, Mishra G. Socio-economic inequalities in women's fruit and vegetable intakes: a multilevel study of individual, social and environmental mediators. Public Health Nutr. Aug 2006;9(5):623-630.
	61. George SM, Park Y, Leitzmann MF, et al. Fruit and vegetable intake and risk of cancer: a prospective cohort study. Am J Clin Nutr. Jan 2009;89(1):347-353.
	62. Caetano R. Alcohol-related health disparities and treatment-related epidemiological findings among whites, blacks, and Hispanics in the United States. Alcohol Clin Exp Res. Aug 2003;27(8):1337-1339.
	63. McNutt LA, Wu C, Xue X, Hafner JP. Estimating the relative risk in cohort studies and clinical trials of common outcomes. Am J Epidemiol. May 15 2003;157(10):940-943.
	64. Royston P. Multiple Imputation of Missing Values. The Stata Journal. 2004;4(3):227-241.
	65. Rubin DB. Multiple Imputation for Nonresponse in Surveys. New York.; 1987.
	66. Randall E, Marshall JR, Graham S, Brasure J. High-risk health behaviors associated with various dietary patterns. Nutr Cancer. 1991;16(2):135-151.
	67. Le Marchand L, Kolonel LN, Hankin JH, Yoshizawa CN. Relationship of alcohol consumption to diet: a population-based study in Hawaii. Am J Clin Nutr. Mar 1989;49(3):567-572.
	68. Serdula MK, Gillespie C, Kettel-Khan L, Farris R, Seymour J, Denny C. Trends in fruit and vegetable consumption among adults in the United States: behavioral risk factor surveillance system, 1994-2000. Am J Public Health. Jun 2004;94(6):1014-1018.
	69. Blanck HM, Gillespie C, Kimmons JE, Seymour JD, Serdula MK. Trends in fruit and vegetable consumption among U.S. men and women, 1994-2005. Prev Chronic Dis. Apr 2008;5(2):A35.
	70. Greenfield TK, Midanik LT, Rogers JD. Effects of telephone versus face-to-face interview modes on reports of alcohol consumption. Addiction. Feb 2000;95(2):277-284.
	71. Truong KD, Sturm R. Alcohol outlets and problem drinking among adults in California. J Stud Alcohol Drugs. Nov 2007;68(6):923-933.
	72. Schonlau M, Scribner R, Farley TA, et al. Alcohol outlet density and alcohol consumption in Los Angeles county and southern Louisiana. Geospat Health. Nov 2008;3(1):91-101.
	73. Scribner R, Mason K, Theall K, et al. The contextual role of alcohol outlet density in college drinking. J Stud Alcohol Drugs. Jan 2008;69(1):112-120.
	74. Gruenewald PJ, Johnson FW, Treno AJ. Outlets, drinking and driving: a multilevel analysis of availability. J Stud Alcohol. Jul 2002;63(4):460-468.
	75. Scribner RA, Cohen DA, Fisher W. Evidence of a structural effect for alcohol outlet density: a multilevel analysis. Alcohol Clin Exp Res. Feb 2000;24(2):188-195.
	76. Lytle LA. Measuring the food environment: state of the science. Am J Prev Med. Apr 2009;36(4 Suppl):S134-144.
	Table 1. Sample Characteristics of SHAPE Participants (n=9,959)
	Methods
	Data
	Data for our study were drawn from two main sources:  the U.S. Census (2000) and InfoUSA Business Dataset (2002). Census Decennial data were acquired from the U.S. Census to assess neighborhood socioeconomic status (Summary Files 1 and 3).35  Data fro...
	Measures
	Excessive drinking is a significant public health problem in the U.S.  Approximately two-thirds of adults in the U.S. consume some alcohol.1  Studies suggest that about 15 percent of Americans engage in excessive drinking, defined as a pattern of alco...
	Features of the neighborhoods where people live may contribute to excessive drinking. Two neighborhood characteristics in particular may be important in understanding alcohol consumption--neighborhood socioeconomic status (SES), and the retail environ...

	Study Design
	A cross-sectional, multilevel study design was used to test our study hypotheses. Multilevel study designs permit the researcher to analyze characteristics at the level of the individuals (e.g., alcohol consumption) and at the level of the neighborhoo...
	Data Collection
	Individual level data.  Individual data for this study were drawn from the 2002 Survey of the Health of Adults, the Population, and the Environment (SHAPE), which was designed to examine individual, social, and environmental factors that affect the he...
	Neighborhood level data.   Neighborhood level data on Hennepin County where SHAPE respondents resided were drawn from two main sources:  the U.S. Census (2000) and InfoUSA Business Dataset (2002). Census Decennial data were acquired from the U.S. Cens...
	Measures
	Individual Level Measures
	Neighborhood-Level Measures
	Neighborhood SES and the neighborhood retail environment were the primary independent variables.  Below we described how these variables were measured.
	Retail Environment.  Two measures of the neighborhood retail environment were used:  alcohol outlet density and the mix of liquor and food stores.  To measure alcohol outlet density, we constructed a measure that computed the number (i.e. count) of l...



