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Abstract
Background—The neighborhood distribution of education (education inequality) may influence
substance use among neighborhood residents.

Methods—Using data from the New York Social Environment Study (conducted in 2005; n=4,000),
we examined the associations of neighborhood education inequality (measured using Gini
coefficients of education) with alcohol use prevalence and levels of alcohol consumption among
alcohol users. Analyses were adjusted for neighborhood education level, income level, and income
inequality, as well as for individual demographic and socioeconomic characteristics and history of
drinking prior to residence in the current neighborhood. Neighborhood social norms about drinking
were examined as a possible mediator.

Results—In adjusted generalized estimating equation regression models, one-standard-
deviationhigher education inequality was associated with 1.18 times higher odds of alcohol use
(logistic regression odds ratio = 1.18, 95% confidence interval 1.08–1.30) but 0.79 times lower
average daily alcohol consumption among alcohol users (Poisson regression relative rate = 0.79, 95%
confidence interval 0.68–0.92). The results tended to differ in magnitude depending on respondents’
individual educational levels. There was no evidence that these associations were mediated by social
drinking norms, although norms did vary with education inequality.

Conclusions—Our results provide further evidence of a relation between education inequality and
drinking behavior while illustrating the importance of considering different drinking outcomes and
heterogeneity between neighborhood subgroups. Future research could fruitfully consider other
potential mechanisms, such as alcohol availability or the role of stress; research that considers
multiple mechanisms and their combined effects may be most informative.
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1. Introduction
Alcohol use is the third leading preventable cause of death in the United States (Naimi et al.,
2003). Excessive alcohol use is associated with a host of public health problems including
cancers, hepatitis, fetal alcohol syndrome, unintentional injuries, and violence (Lindberg and
Amsterdam, 2008; Naimi et al., 2003; Standridge et al., 2004). Patterns of alcohol consumption
vary widely with individual education levels: higher educational attainment is associated with
more overall drinking but less binge or heavy drinking (Karlamangla et al., 2006; Kerr et al.,
2009; Naimi et al., 2003; Standridge et al., 2004; Substance Abuse and Mental Health Services
Administration, 2008). Alcohol use also varies with neighborhood education levels: the overall
prevalence of alcohol use tends to be higher in neighborhoods with high proportions of more
highly educated residents (Chuang et al., 2007; Heslop et al., 2009), while heavy drinking is
more prevalent in neighborhoods characterized by lower education levels (Bernstein et al.,
2007; Hill and Angel, 2005; Mulia et al., 2008).

The neighborhood distribution of education (education inequality) may also influence health
and health behaviors such as alcohol use, independent of the neighborhood level of education.
The relation between the distribution of income (income inequality) and health has been widely
examined over the last fifteen years (Beckfield, 2004; Daly et al., 1998; Kahn et al., 1999;
Kawachi and Kennedy, 1999; Lynch et al., 2004; Subramanian and Kawachi, 2004; Wilkinson,
1994; Wilkinson and Pickett, 2006) and a number of potential mechanisms through which area
income inequality could negatively affect health have been proposed (Kawachi and Kennedy,
1999). These mechanisms are pertinent to education inequality in a general sense. However,
just as individual income and education may influence health in interconnected but different
ways (Adler and Newman, 2002; Ross and Wu, 1995; Singh-Manoux et al., 2002), so may
income inequality and education inequality. For example, the psychosocial ill effects of relative
deprivation hypothesized to accompany income inequality (Kawachi and Kennedy, 1999;
Wilkinson and Pickett, 2006) may not accompany education inequality if class identity is
defined more by income than by education.

The results of two previously published studies support an association between neighborhood
education inequality and health that differs from the association between income inequality
and health. In an ecological analysis of neighborhoods, Galea and Ahern (2005) found that
high education inequality (i.e., a wide range of educational attainment levels among residents)
was associated with positive outcomes on health indicators that are susceptible to short-term
changes in the neighborhood social environment: homicide, lack of prenatal care, low birth
weight, and infant mortality. This result contrasts with studies associating higher income
inequality with worse population health (Subramanian and Kawachi, 2004). In a multilevel
analysis, Galea et al. (2007a) found that higher neighborhood education inequality was
associated with a higher prevalence of alcohol use, but among drinkers was associated with
consuming fewer drinks. In a separate study of the same population, higher income inequality
was also associated with a higher prevalence of alcohol use but was associated with higher
alcohol consumption among drinkers (Galea et al., 2007b).

One way neighborhood education inequality may influence alcohol use is by affecting social
norms about drinking. Neighborhoods with high education inequality may have weaker social
norms because high education inequality is indicative of a heterogeneous population whose
members may be less likely to share the same values and individual norms (Caetano and Clark,
1999; Winkleby et al., 1992). Neighborhood social norms about drinking have been
demonstrated to influence residents’ alcohol use (Ahern et al., 2008; Greenfield and Room,
1997; Moore et al., 2005).
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The most common pattern of alcohol use in the United States is moderate consumption; that
is, neither abstention nor heavy consumption (Moore et al., 2005; Substance Abuse and Mental
Health Services Administration, 2008). If education inequality influences alcohol use among
residents through weakened neighborhood social norms, we might expect greater departures
from this normative pattern in neighborhoods with high education inequality. While these
departures could occur in either direction, the findings of Galea et al. (2007a) suggest an
association of high education inequality with higher alcohol-use prevalence but lower
consumption among drinkers. If neighborhood norms mediate a relation between education
inequality and drinking behavior, regardless of direction, we would expect a modeled statistical
association between them to be attenuated with the addition of norms into the model (Baron
and Kenny, 1986; Petersen et al., 2006).

Drinking behavior may be influenced not only by neighborhood norms, but also by norms
specific to neighborhood subgroups. For example, studies of college drinking have found
drinking behavior to be more closely related to descriptive drinking norms when the referent
group is more specific to the respondent (Larimer et al., 2009; Perkins, 2002) and differences
in drinking behavior among racial/ethnic subgroups mirror differences in alcohol norms
(Caetano and Clark, 1999). In neighborhoods with high education inequality, population
subgroups with different norms may come into contact and influence one another. Thus,
education inequality may influence drinking behavior not only by affecting overall
neighborhood drinking norms but by increasing subgroups’ contact and affecting group-
specific norms.

The variation in drinking patterns between groups with different levels of education (Substance
Abuse and Mental Health Services Administration, 2008) suggests that individual educational
attainment levels may delineate neighborhood subgroups whose norms differ; any influence
of education inequality on drinking behavior through changed norms might therefore also differ
between education groups. If this is the case, the modeled association between education
inequality and drinking behavior may vary between strata defined by educational attainment
levels. Furthermore, if education inequality affects drinking through subgroup-specific norms,
the overall association would be more sensitive to adjustment for subgroup-specific norms than
to overall neighborhood norms. Analyses by education strata would reveal the subgroups in
which the education inequality and drinking relation was explained by norms.

In this study, we empirically assessed the relation between neighborhood education inequality
and alcohol use in New York City. We explicitly examined the role of overall and education-
subgroup-specific neighborhood drinking norms as possible mediators between education
inequality and alcohol use.

2. Methods
2.1 Data

The data used for this study were from the New York Social Environment Study (NYSES), a
population-based study of 4,000 New York City residents who were interviewed by phone
between June and December 2005. Households were contacted using random-digit dialing.
One adult aged 18 or over, selected by choosing the adult who most recently celebrated or
would next celebrate a birthday, was interviewed in each household. The survey consisted of
a structured questionnaire conducted in either Spanish or English. To account for respondents’
probability of selection for the interview, responses were weighted by the ratio of the number
of people to the number of phone lines in the respondent’s household.
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2.2 Measures
Drinking behavior was measured using the World Mental Health Comprehensive International
Diagnostic Interview alcohol module (Kessler et al., 2004; Kessler and Ustun, 2004).
Respondents were asked at what age they had their first drink, at what age they started drinking
at least 12 drinks per year, and the frequency of their drinking over the previous 12 months.
For this analysis, overall alcohol use was measured by a binary variable reflecting whether a
respondent reported drinking at least 12 drinks in the previous 12 months. The level of alcohol
consumption for each drinker was calculated by multiplying the average number of days the
respondent reported drinking per month by the average number of drinks he/she reported
drinking on each drinking day and then dividing by 30 to give the average number of drinks
per day.

To define neighborhoods, respondents’ addresses were geo-coded to New York City’s 59
community districts. The community districts were initially defined as proxies for
neighborhoods in 1975 after a process organized by the Department of City Planning involving
consultations with residents (New York City Department of City Planning, 2008). The districts
are well defined and each has an administrative community board. Because of differences in
population density, some community districts may contain several resident-defined
neighborhoods. Nonetheless, previous studies have found evidence that the community
districts represent neighborhoods whose characteristics may affect the health and behavior of
their residents (Ahern et al., 2008; Bernstein et al., 2007; Galea and Ahern, 2005; Galea et al.,
2007a).

The education Gini coefficient was calculated as a measure of education inequality at the
neighborhood level using data from the 2000 U.S. Census. The education Gini coefficient is a
relative measure of inequality ranging from 0 to 1, where 0 represents perfect equality and 1
represents perfect inequality; an analogous measure has been used extensively in the income
inequality literature (Thomas et al., 2000). It is given by

where E is the education Gini coefficient, μ is the population average educational attainment,
n is the number of education levels, yi and yj represent the years of education at two different
education levels, and pi and pj represent the proportions of the population who have attained
those two levels (Galea and Ahern, 2005; Thomas et al., 2000). The years of education
associated with each education level is either the midpoint or the most likely value of each
category (Galea and Ahern, 2005).

Restrictive drinking norms were measured using questions modified from the National Survey
on Drug Use and Health (Substance Abuse and Mental Health Services Administration,
2007). Respondents were asked if they felt it was unacceptable for adults to drink alcoholic
beverages; response options were “acceptable,” “unacceptable,” and “don’t care.” The
neighborhood norms measure was the proportion of respondents in the neighborhood who felt
it was unacceptable for adults to drink alcoholic beverages. Education-subgroup-specific
norms measures were calculated by aggregating the responses separately for each level of
individual educational attainment within each neighborhood. The subgroup-specific measure
was restricted to within-neighborhood education subgroups containing at least two
respondents.
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Individual-level confounders included in the analysis were educational attainment, sex, race,
marital status, gender, household income, student status, and alcohol use prior to moving to
the current neighborhood of residence. Neighborhood-level mean educational attainment,
median income, and income inequality (measured using income Gini coefficients) were
calculated from 2000 U.S. census data.

2.3 Analysis
Because of the strong negative correlation between neighborhood-level average educational
attainment and education inequality (r = -0.84, p < 0.001), we used linear regression to adjust
education Gini values for mean educational attainment (in years) before conducting the
analysis. Therefore, the primary explanatory variable in the analysis models is interpretable as
education Gini values for a fixed level of neighborhood-level mean educational attainment.
While the results were similar when education Gini and mean educational attainment were
included as separate explanatory variables, this method allowed for a more precise adjustment
for mean educational attainment and facilitated interpretation of the results.

Generalized estimating equation (GEE) regression models were used to examine the
association between neighborhood education inequality and alcohol use while controlling for
confounders and accounting for possible correlations between respondents in the same
neighborhoods (Hanley et al., 2003; Zeger and Liang, 1986). Overall alcohol use and the
average number of drinks per day among drinkers were respectively analyzed using logistic
and Poisson regression. As an initial test of the hypothesis that social norms mediate an
association between education inequality and drinking behavior, models were run both without
and with the norms variables (Baron and Kenny, 1986; Petersen et al., 2006). There was no
interaction between education inequality and norms in our data, thus this approach can be used
to estimate the direct effect of education inequality(Petersen et al., 2006) Attenuation of an
association between education inequality and drinking behavior following adjustment for
overall neighborhood drinking norms would suggest that drinking behavior may differ in
neighborhoods with different levels of education inequality because of varying neighborhood
drinking norms. Similarly, attenuation of the association following adjustment for education-
subgroup-specific norms would suggest the influence of subgroup-specific drinking norms
that, at least for some subgroups, vary with education inequality. Separate mediation analyses
were conducted for each of the individual educational attainment strata. This permitted us to
explicitly examine differences between subgroups in the association between education
inequality and drinking behavior, as well as the mediation of these associations by overall and
subgroup-specific neighborhood norms.

3. Results
The respondent population was demographically similar to the overall population of New York
City . Sociodemographic characteristics of the study population and neighborhoods are
presented in table 1. Out of a total of 4,000 respondents, the study population for the analysis
of overall alcohol use comprised 3,888 respondents who did not have missing information; the
analyses of alcohol consumption quantity included 1,541 respondents who reported being
drinkers. The cooperation rate for the survey ((participated + screened out)/(participated +
screened out + refused)) was 54%; the response rate ((completed + screened out)/(completed
+ screened out + refused + non-contacted)) was 37.3%.

Education Gini values ranged from 0.09 to 0.26, with a median value of 0.16. Neighborhoods
with low education inequality tended to have higher mean educational attainment and median
income (table 2). Respondents living in neighborhoods with low education inequality were
more likely to report higher levels of individual educational attainment and annual household
income, being White or Black, not being Hispanic, and using alcohol prior to moving to their
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neighborhoods of residence. They also tended to be older and were somewhat more likely to
report being married.

Thirty-nine percent of the respondents reported being drinkers. Overall alcohol-use prevalence
varied markedly by individual educational attainment (figure 1). Twenty-two percent of
respondents with less than a high school degree reported using alcohol; the proportion of
drinkers was higher with each successive level of educational attainment, reaching 59% among
respondents who had completed some graduate-level work. The mean number of drinks
consumed per day among drinkers was inversely related to education level, ranging from 1.0
(standard deviation 1.8) among drinkers with less than a high school education to 0.6 (standard
deviation 1.0) among drinkers who had completed some graduate-level work.

The proportion of respondents in a neighborhood reporting that they felt it was unacceptable
for an adult to drink alcoholic beverages ranged from 3% to 61%, with a median of 34%.
Restrictive drinking norms were slightly higher in neighborhoods with low education
inequality (adjusting for mean educational attainment) than in ones with high education
inequality (35% vs. 30%). Subgroup-specific restrictive drinking norms were stronger for
lower education levels and were more divergent in neighborhoods with higher education
inequality (figure 2). The average number of residents contributing to the subgroup-specific
neighborhood norms variable varied from 9 among respondents with less than a high school
degree to 16 among respondents with a high school degree but no further education.

The analysis of the relation between neighborhood education inequality and overall alcohol
use prevalence is presented in table 3 (GEE logistic regression models). In the first adjusted
model (model 2), one-standard-deviation-higher education inequality was associated with 1.18
times higher odds of alcohol use (odds ratio (OR) = 1.18, 95% confidence interval (CI) 1.08–
1.30). There was no attenuation of the association when neighborhood-wide restrictive drinking
norms were included (model 3: OR = 1.21, 95% CI 1.11–1.32), nor with the additional inclusion
of education-specific neighborhood norms (model 4: OR = 1.23, 95% CI 1.12–1.34).

The strength of the association between education inequality and overall alcohol use tended to
increase with higher individual educational attainment (table 4(a)). There was no significant
association between education inequality and overall alcohol use among the respondents with
less than a high school education (model 2: OR = 0.87, 95% CI 0.66–1.16). In the other four
groups there was evidence that higher education inequality was associated with higher odds of
alcohol use, although the results were at borderline levels of standard statistical significance.
Among respondents who completed each level of education, adjusted ORs for a one-standard-
deviation-higher education Gini value were OR = 1.24 (95% CI 0.97–1.59) for high school or
a GED, OR = 1.27 (95% CI 0.99–1.62) for some college work, OR = 1.32 (95% CI 1.03–1.69)
for a completed college degree, and OR = 1.31 (95% CI 1.01–1.70) for graduate-level work.
As in the unstratified models, these associations were not attenuated with the inclusion of
drinking norms (models 3 and 4).

The analysis of the relation between neighborhood education inequality and average daily
alcohol consumption among drinkers is presented in table 5 (GEE Poisson regression models).
In the first adjusted model (model 2), one-standard-deviation-higher education inequality was
associated with 0.79 times fewer average drinks per day (relative rate (RR) = 0.79, 95% CI
0.68–0.92). This association was not attenuated by inclusion of neighborhood-wide norms
(model 3: RR = 0.79, 95% CI 0.69–0.90) or the additional inclusion of education-specific norms
(model 4: RR = 0.80, 95% CI 0.70–0.91). In contrast to the results for overall alcohol use, the
magnitude of the association between education inequality and average daily consumption
tended to decrease with higher educational attainment, although CIs were wide due to small
stratum-specific sample sizes. Adjusted relative rates for each education level were RR = 0.71
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(95% CI 0.47–1.08) for less than high school, RR = 0.74 (95% CI 0.59–0.94) for high school
or a GED, RR = 0.73 (95% CI 0.57–0.95) for some college work, RR = 0.80 (95% CI 0.52–
1.24) for a college degree, and RR = 0.99 (95% CI 0.81–1.20) for graduate-level work (table
4(b), model 2). As in the unstratified models, these associations were not attenuated with the
inclusion of drinking norms (models 3 and 4).

4. Discussion
In an analysis of data from a population-representative survey of residents of New York City,
neighborhood-level education inequality was positively associated with alcohol-use
prevalence and negatively associated with average daily alcohol consumption among drinkers.
While the strength of the association with alcohol-use prevalence tended to increase with
increasing individual educational attainment, the strength of the association with the level of
alcohol consumption among drinkers tended to decrease with increasing individual educational
attainment. None of the associations between education inequality and drinking behavior were
attenuated when overall and education-subgroup-specific neighborhood drinking norms were
included in models.

Our results provide further evidence of a relation between education inequality and drinking
behavior but underscore its complexity. Neighborhood drinking norms varied with education
inequality, such that neighborhoods with lower education inequality (after accounting for mean
education) had more restrictive norms. Norms in educational attainment subgroups within
neighborhoods suggested an interesting pattern of a wider disparity in norms accompanying
higher education inequality: higher education inequality was related to more restrictive norms
among the subgroup with the lowest education level but more permissive norms among
subgroups with higher education levels. This suggests that contact within a neighborhood
between groups with different norms leads to a strengthening of typical norms in those
subgroups. Despite these interesting patterns, education-subgroup norms did not appear to
mediate the relation between education inequality and the drinking outcomes.

Future research examining other potential mechanisms may help us better understand the
relations between education inequality and drinking behavior. In light of the differences
between education subgroups suggested by our results, research should consider how these
mechanisms might differentially affect people with different education levels. For example,
education inequality may influence drinking behavior by affecting the density or type of
alcohol-selling establishments in the neighborhood (Galea et al., 2007a; Schonlau et al.,
2008). In New York City, socioeconomically advantaged neighborhoods have fewer liquor
stores but a higher overall density of alcohol-selling establishments because of a higher density
of bars and restaurants (Galea et al., 2007a). The presence of some highly educated residents
may therefore result in fewer liquor stores in a neighborhood but more bars and restaurants
catering to these residents. Any resulting effect on alcohol use would depend on how residents
used the different types of establishments (Gruenewald, 2007).

Higher education inequality may also indirectly mitigate psychological stress from physical or
social disorder in disadvantaged neighborhoods that can contribute to heavy drinking among
residents (Bernstein et al., 2007; Hill and Angel, 2005; Mulia et al., 2008). More highly
educated individuals may have greater access to individuals in power and be more able to
successfully navigate social and political institutions, securing improvements such as better
recreational facilities, transportation service, and infrastructure (Galea and Ahern, 2005; Galea
et al., 2007a) that would be shared by all neighborhood residents. This mechanism is supported
by our finding of an inverse association between education inequality and average daily alcohol
consumption, with the association tending to be more pronounced among subgroups with lower
education levels.
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It may also be informative to consider measures of perceived inequality. Residents’ perceptions
of the neighborhood social environment, and the environment’s possible effects on their health,
may be influenced not only by inequality as measured objectively but by residents’ perceived
socioeconomic standing relative to their neighbors (Schieman and Pearlin, 2006).

There are several limitations to this analysis. Response bias is a concern in any population-
level survey; however, participation rates in this study were comparable to other major large
population-based studies and the study population for this study was demographically similar
to the general population of New York City (Galea and Tracy, 2007). Respondents may also
have underreported alcohol use, although substance use may tend to be less underreported
during phone interviews than in person (Midanik et al., 2001). If alcohol use was underreported
to a similar extent across all neighborhoods, any relations would likely be underestimated in
this analysis. Because of the cross-sectional design of this study, it is not possible to definitively
ascertain whether respondents’ drinking habits predated their residence in their neighborhoods.
However, because we were able to control for past drinking behavior, the results are less likely
to have been affected by social selection processes than would otherwise have been the case.
Norms were measured in just one of many possible ways, and the group drinking norm variables
were calculated from questions originally designed to assess individual norms. Finally, there
are some limitations to the generalizability of this analysis since the study sample comprises
residents of a single city: drinking behavior and its determinants may differ between regions
and between rural and urban areas (Naimi et al., 2003; Nelson et al., 2004; Substance Abuse
and Mental Health Services Administration, 2008).

The results of this analysis are consistent with those of Galea and Ahern (2005) and Galea et
al. (2007a) and extend this previous research in two ways. They suggest that the relation
between neighborhood education inequality and health may vary with individual educational
attainment. They also suggest that mediators other than drinking norms likely explain the
relation between education inequality and drinking behavior. Future research could fruitfully
consider other potential mediators. Different mediators may operate differently among
neighborhood subpopulations, and more than one mediator may be acting at the same time.
Therefore, research that considers multiple mechanisms and their combined effects may be
most informative. Our results also provide further evidence that the relation between education
inequality and health is independent of and differs from the relation between income inequality
and health. While our analysis does not lead to immediate policy recommendations, research
that identifies characteristics that affect neighborhood population health, as well as the
mechanisms through which they operate, is important to increasing understanding of the
processes underlying population health and to informing the development of approaches to
improve it.
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Figure 1.
Prevalence of alcohol use in the past 12 months by individual educational attainment levels,
New York Social Environment Study, New York, New York, 2005. Alcohol use was self-
reported and was defined as drinking 12 or more drinks in the past 12 months.
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Figure 2.
Average neighborhood proportion of respondents reporting they feel it is unacceptable for
adults to drink alcohol, by neighborhood education Gini residual and individual education
levels, New York Social Environment Survey, New York, New York, 2005. A high education
Gini residual indicates a wider education distribution per level of neighborhood mean
educational attainment, while a low education Gini residual indicates a narrower education
distribution per level of neighborhood mean educational attainment. Respondents with higher
education levels were less likely to report restrictive individual drinking norms. This pattern
was more pronounced in neighborhoods with high education inequality than in neighborhoods
with low education inequality.
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Table 1

Sociodemographic characteristics for sample population, New York Social Environment Study, New York, New
York, 2005

N %

Educational Attainment 3923

 Less than high school 508 13

 High school or GED 923 24

 Some college/vocational school 879 22

 College graduate 883 23

 Graduate work 730 19

Gender 4000

 Female 2120 53

 Male 1880 47

Race 3888

 White 1616 42

 Black or African American 1055 27

 Asian 164 4

 Hispanic 958 25

 Other 95 2

Age (years) 3960

 18-24 350 9

 25-34 685 17

 35-44 815 21

 45-54 808 20

 55-64 612 15

 65+ 690 17

Marital Status 3943

 Married 1632 41

 Divorced 479 12

 Separated 208 5

 Widowed 354 9

 Never been married 1270 32

Annual Household Income 3307

 <= $40,000 1605 47

 $40,001-$80,000 1093 32

 > $80,000 722 21

Drinking Before Moved to Neighborhood 4000

 No 1346 34

 Yes, < 12 drinks/yr 706 18

 Yes, >= 12 drinks/yr 1948 49

Student 4000

 No 3881 97
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N %

 Yes 119 3
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