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Abstract: Substance use disorders are widely recognized as one of the most pressing global public
health problems, and recent research indicates that environmental factors, including access and
exposure to substances of abuse, neighborhood disadvantage and disorder, and environmental
barriers to treatment, influence substance use behaviors. Racial and socioeconomic inequities in the
factors that create risky substance use environments may engender disparities in rates of substance
use disorders and treatment outcomes. Environmental justice researchers, with substantial experience
in addressing racial and ethnic inequities in environmental risk from technological and other hazards,
should consider similar inequities in risky substance use environments as an environmental justice
issue. Research should aim at illustrating where, why, and how such inequities in risky substance use
environments occur, the implications of such inequities for disparities in substance use disorders and
treatment outcomes, and the implications for tobacco, alcohol, and drug policies and prevention and
treatment programs.
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1. Introduction

One of the fundamental aims of environmental justice research is to investigate if, how, and
why environmental risks are distributed inequitably with regards to race and socioeconomic status.
Academic research in environmental justice has expanded from its early focus on environmental risks
due to exposure to technological hazards to a variety of other outcomes [1,2], such as vulnerability
to natural hazards [3,4], accessibility to environmental amenities [5,6], and consequential health
conditions, such as asthma [7,8]. The environmental justice framework has also been applied to address
racial and socioeconomic disparities in access to health resources such as recreational opportunities
and healthy food that can promote healthy behaviors, such as engaging in regular physical activity and
healthy eating [9–11]. In the present paper, we build on this research to address the environmental risks
associated with another important health behavior that, as yet, has been given only sparse attention by
environmental justice researchers—substance use and addiction.

Substances such as alcohol, nicotine, and illicit and prescription drugs affect the pleasure and
reward circuitry of the brain, and long-term, heavy use can permanently change the structure and
function of the brain [12]. Addiction to substances is a chronic brain disease that affects judgment and
behavior by altering cognitive functions such as learning, memory formation, and impulse control [13].
Addiction is characterized by intense craving for substances and a compulsion to acquire and use
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substances, even when there are substantial negative consequences to doing so [14]. Addiction often
co-occurs with, and may contribute to, many other adverse health conditions, such as heart disease
and cancer, as well as such mental health problems as depression and other mood disorders [15].

Substance abuse and addiction represent an enormous threat to human health, with approximately
246 million people between the ages of 15 and 64 years old worldwide estimated to have used an illicit
drug in 2013, including the use of cannabis, opioids/opiates, cocaine, amphetamine-type stimulants,
and other drugs. Of these 246 million users, more than one out of ten can be considered problem
drug users, and drug use can be attributed to approximately 187,000 deaths in 2013 alone [16]. In the
U.S., approximately 10.2% of the population age 12 years and over had used an illicit drug in the past
month, which represents an increase over the past decade [17]. Notably, more Americans suffer from
addiction to tobacco, alcohol, or other drugs than suffer from diabetes, cancer, or heart conditions [15].
While evidence-based treatment for addictive disorders has been shown to be effective, with outcomes
comparable to other chronic diseases such as diabetes and asthma [18], few of those suffering from
substance use disorders receive it. In the U.S., for example, only approximately 11% of those who
need treatment receive it at a specialty facility [19], and the rate is likely much lower in developing
countries. Of those that do complete treatment, there is a substantial likelihood of relapse back into
substance use because of the chronic nature of this disease.

While substance use disorders are known to affect people of all regions, races, and socioeconomic
statuses, certain segments of the population are more likely to use particular substances. According to
recent 2013 statistics available for the U.S., rates of past-month illicit drug use by those aged 12 years
and older was highest among African Americans, followed by whites, Hispanics, and Asians,
respectively—a pattern that has remained constant over the past decade [19]. Substance use is also
more likely among those with lower educational attainment, among those who are unemployed,
and those residing in urbanized areas [19]. Overall alcohol use, on the other hand, was higher for
whites, those with full-time employment, those with higher educational attainment, and those living
in urbanized regions, as compared to other groups [19]. Rates of tobacco use were slightly higher for
whites as compared to African Americans, and lower for Hispanics and Asians [19]. Tobacco use was
also higher for those with lower educational attainment and those who were unemployed, as well
as those living in rural areas [19]. Rates of substance use disorder treatment completion also show
substantial disparities by race and socioeconomic status in the U.S., with whites, the employed, and
those with higher educational attainment generally having a higher likelihood of treatment completion
as compared to other groups [20].

Initiation into substance use may stem from a variety of factors, including genetic, biological,
cognitive, affective, family, and peer characteristics [21]. Of particular interest for environmental justice
researchers, however, are the environmental factors related to substance use. Contextual characteristics
of the neighborhood environment within which individuals reside have long been theorized to affect
human development [22,23] and health [24], and this framework has been extended to address
substance use behaviors specifically, including the initiation, continued use, and abuse of alcohol,
tobacco, and illicit drugs [25,26]. Recent research on place and behavior that utilizes geographic
methods and technologies has provided evidence to support these theories, and has shown that certain
environments embody greater risk regarding substance use [27,28]. The environmental effects on
substance use are particularly troubling for adolescents, given the vulnerability of youth to contextual
environmental influence on substance use initiation, and the multiple negative health consequences of
early substance use initiation throughout adulthood [29]. In addition, early drug use in adolescence is
associated with an increased likelihood for later substance dependence [30].

There is a straightforward connection between more “conventional” environmental justice
research on disparities in exposure to environmental hazards and research on disparities in exposure
to environmental characteristics that may encourage substance use and addictive behaviors. While
substantial research has shown that the spatial distribution of environmental risks regarding air
pollution and other industrial environmental hazards are inequitably distributed with regards to
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race and class [31], many of these same characteristics of the built and socioeconomic environment
which are associated with technologically generated environmental risks are also associated with
risky substance use behaviors, including factors associated with land use and neighborhood level
indicators of socioeconomic status [25]. Thus, it follows that the distribution of risky environments
with regards to substance use is also inequitably distributed according to race and socioeconomic
status. Such inequities may produce, in concert with other factors, racial and socioeconomic disparities
in substance use behaviors, treatment outcomes, and associated health outcomes.

Below, we detail the contextual characteristics of the built and socioeconomic environments
that may encourage or facilitate substance use, or reduce the effectiveness of substance use disorder
treatment, environments that we refer to here as ‘risky substance use environments’. The connections
between characteristics of risky substance use environments with race and socioeconomic status are
discussed, as are the substantive, methodological, and policy questions that may direct environmental
justice research in this area. We focus our discussion primarily on evidence drawn from studies in
the U.S., though we note that the fundamental principles we describe are widely applicable to other
countries and regions.

2. Characteristics of Risky Substance Use Environments

2.1. Access to Substances

Perhaps the most basic manner in which a risky environment can be considered to affect substance
use behaviors is by facilitating access to substances of abuse. Ready access to substances lowers the
barriers to acquiring, using, and abusing substances, thus facilitating substance use initiation and
potential abuse. A substantial body of research indicates that the presence of, proximity to, and
density of alcohol outlets (i.e., stores and/or bars selling liquor, wine, and/or beer) is associated with
increased alcohol-related mortality [32,33] and alcohol consumption among teenagers [34,35], college
students [36], and adults [37]. Proximity to alcohol sales has also been found to be associated to other
negative outcomes, including violence in the home and in the community [38,39].

Similar results have been found for tobacco, where exposure to tobacco outlets, including
convenience stores, gas stations, pharmacies, and other stores that typically sell tobacco products, is
associated with increased rates of smoking initiation among youth [40,41] and young adults [42].
The mechanism for tobacco use initiation stems not only from access to tobacco but also from
exposure to tobacco advertisements, promotions, and marketing, which are often concentrated at the
point-of-sale, particularly in countries where there are restrictions on tobacco advertising on television
and other media, such as in the U.S. [43]. Such advertising can glamorize smoking and increase
the intention to smoke among youth [44–46], a strong predictor of future smoking behavior [47].
Similar effects have been found for alcohol advertising on consumption [48].

For those suffering from substance use disorders, environments with high accessibility to tobacco,
alcohol, and illicit drugs can not only facilitate the acquisition of substances but can also contain
environmental cues that trigger substance craving [49]. Such environmental cues can have substantially
negative consequences for those in treatment for substance use disorders as well as for those in long
term recovery who are attempting to maintain abstinence from substance use. Research suggests
that simply the exposure to the visual cues involved in seeing alcohol or tobacco outlets or other
places associated with prior substance acquisition and use can activate craving for those substances
among those in recovery [49]. Evidence indicates, for example, that the likelihood of smoking cessation
among smokers is lower among those living near to tobacco outlets as compared to those living farther
away [50,51].

Research suggests that racial and socioeconomic inequities persist in the residential proximity
to, and density of, stores selling tobacco and alcohol. Many U.S.-based studies at the state,
metropolitan area, and county levels have found that stores selling tobacco are disproportionately
located in neighborhoods with higher percentages of minorities, particularly African Americans
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and Hispanics [52–54], and lower income [55–57]. Similar patterns of racial and economic inequity
have been found for alcohol outlets [58–60]. Evidence indicates that racial and economic inequities
also persist not only for stores selling alcohol and tobacco but also for alcohol and tobacco
advertising [61–63]. Though stores or dispensaries legally selling marijuana, for medical or recreational
purposes, are still limited to certain states in the U.S., preliminary evidence indicates a higher
prevalence of legal marijuana outlets in minority and impoverished neighborhoods [64,65].

Because data on the locations of illicit drug selling are more difficult to collect as compared to
alcohol and tobacco sales (which can be acquired from databases of business listings or alcohol and
tobacco licensing), research on exposure to illicit drug markets is more limited. However, research
suggests that proximity to illicit drug sales and consumption is associated with higher rates of illicit
drug use [66] and relapse among those in substance use disorder treatment [67].

2.2. Neighborhood Concentrated Disadvantage and Disorder

Neighborhoods with concentrated disadvantage, or economic deprivation, are generally
characterized by low income, low educational attainment, and high unemployment.
Concentrated disadvantage embodies the idea that such neighborhoods are not only impoverished
economically but also removed from mainstream economic activity such that there are few
opportunities for economic advancement, and thus residents of neighborhoods characterized by
concentrated disadvantage are caught in a vicious cycle of poverty from which it is difficult to
escape [68]. Notably, neighborhood disadvantage and other community level characteristics have
important implications for health beyond that of the socioeconomic status of individuals and families.
The additive effect of neighborhood level disadvantage on health, as a burden levied on top of
individual-level poverty, has been referred to as “deprivation amplification”, i.e., the negative effect of
individual-level poverty on health is amplified by also residing in an impoverished neighborhood [69].

Neighborhood concentrated disadvantage is also often associated with neighborhood
disorder. Disordered environments are typified by indicators of a lack of social control over the
environment, including graffiti, trash, noise, vandalism, and dilapidated or abandoned infrastructure,
as well as the presence of violence and crime in the community. Residing in neighborhoods
characterized by disadvantage and disorder can produce chronic stress due to the trauma of continuous
economic struggle and exposure to this disorder, violence, and crime in the community [70–72].
Substance use is often employed as a coping mechanism to deal with such chronic stress [73], and
a number of studies have found that exposure to, and perceptions of, neighborhood disadvantage
and disorder are associated with higher levels of stress and substance use [74–76], particularly among
adolescents [27,71,77].

In the U.S. and many other nations, segregation by race and/or ethnicity is an important
component of neighborhood concentrated disadvantage, where a legacy of racism and restrictive land
use and development policies have encouraged the creation of highly disadvantaged neighborhoods
composed primarily of certain racial and ethnic minorities with little access to the economic and other
resources available to other population groups [78]. The consequence of such segregation is that
minorities and the poor reside disproportionally in disadvantaged and disordered neighborhoods as
compared to non-minorities and the non-poor, and thus may be more prone to environmentally-based
chronic stress mechanisms of substance abuse [28,79,80].

Neighborhood social cohesion, or the strength of social relationships among community members,
may also influence substance use. Research indicates that high social cohesion among neighbors can
mitigate the stress associated with disadvantaged and disordered neighborhoods, and thus lower the
deleterious effects of neighborhood disadvantage and disorder on substance use via chronic stress [81].
High social cohesion can facilitate the ability of neighbors to cooperate and work together to address
community problems, such as the presence of crime or graffiti in a community, as well as deviant
behavior, such as substance use [82]. The social relationships that high social cohesion affords can
also provide resources and pro-social influences regarding substance use cessation or abstinence,
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though the opposite effect may be observed in social networks where substance use is common or
socially accepted [83]. Unfortunately, however, social cohesion tends to be lower in disadvantaged
neighborhoods, due in part to the prevalence of residential instability in such neighborhoods where
housing tenure is relatively short, people are inclined to move residences often, and there is a low rate
of homeownership as compared to rentals [84].

Disadvantaged neighborhoods may also be characterized by a lack of access to pro-social and
environmental resources, such as libraries, recreation centers, parks and other greenspaces, and medical
and social services [6]. Recreation centers, libraries, and after school programs can offer alternative
leisure activities in structured social settings that act to discourage substance use, particularly for
youth. Research has shown an association between access to places of worship and lower rates of
substance use, with evidence suggesting that the social supports available to individuals with access
to religious institutions play a key role [85]. Exposure to greenspace has been shown to alleviate
psychological stress and have a calming effect [86,87], thus countering, to a limited extent, the stressful
conditions of disadvantaged neighborhoods [88] and consequent substance use as a coping behavior.
The effect of such resources, however, may be moderated by other community level characteristics.
For instance, the presence of crime in a park, drug markets on a residential street, or a recreation center
where violence among youth is common, may engender greater, not lesser, stress and/or deviant
behavior, such as substance use.

2.3. Environmental Barriers to Substance Use Disorder Treatment

Environmental characteristics can also play an important role in substance use disorder treatment
completion and abstinence from substance use. Travel to treatment is one of the most fundamental
environmental influences on treatment, as the majority of substance use disorder treatments occur
via outpatient versus residential treatment programs [20], such that clients must travel from their
homes to the treatment location. For the poor, who are less likely to own a car, access to public
transportation from both the home and the outpatient treatment program may be an important
contributor to attending treatment. Research indicates that distance and travel time from the home to
the treatment program can affect treatment attendance and completion [89,90], which is itself a key
indicator of post-treatment success regarding future abstinence from substance use, employment, less
involvement in the criminal justice system, and other positive outcomes [91].

In addition to the physical distance and time required to attend outpatient treatment, another
environmental characteristic concerns the degree to which attending treatment requires traveling from
one’s own neighborhood to a neighborhood with a different cultural or socioeconomic orientation.
Research indicates that culturally sensitive treatment settings engender treatment success, and that
clients feel more comfortable and are more responsive to treatment settings in which they are not
socially, culturally, or linguistically isolated [92,93]. These same issues extend to geographic differences
between home and outpatient treatment locations, where clients traveling to neighborhoods socially
and culturally different than their own may be less likely to attend or complete treatment [89,94].
In addition, for those who receive brief inpatient treatment for their substance use disorders and then
are discharged to outpatient treatment in their community, such environmental factors as living in
greater proximity to alcohol outlets and in areas with high vacant housing rates represent particular
environmental risk factors that can act to reduce the likelihood of treatment continuity [95,96].

These environmental barriers to treatment may contribute to the observed racial inequities in
overall access to treatment and treatment attendance. Several studies have shown that minorities in
the U.S. tend to have poorer access to substance use disorder treatment, lower utilization rates, and
are less satisfied with treatment as compared to whites [97–99]. Consequently, there are marked racial
and ethnic disparities in measures of treatment completion, where African Americans and Hispanics
in the U.S. are less likely to complete treatment as compared to whites [100,101]. Though admittedly,
completion represents only one type of treatment outcome, as discussed above, it is an important one
that is highly predictive of longer term positive outcomes.
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2.4. Moderating Factors among Environment, Race and Poverty, and Substance Use Outcomes

While there is ample evidence that greater access and exposure to the sale and advertising of
substances, residing in neighborhoods characterized by concentrated disadvantage and disorder, and
various barriers to accessing treatment for substance use disorders all influence substance use behaviors
and treatment outcomes, it should be noted that other factors may moderate these relationships.
For instance, evidence indicates that contextual environmental conditions differ in their effect based
on such individual characteristics as gender and age [77,102] and level of motivation, and such social
characteristics as parental supervision and peer behaviors and attitudes [103].

Of particular interest here, however, are factors that may moderate the relationships among risky
substance use environments, substance use and treatment outcomes, and race and socioeconomic
status. Research suggests that the association between risky substance use environments and substance
use is stronger in poorer neighborhoods for tobacco and alcohol [50,104,105]. Certain substances of
abuse are also more popular among certain racial and ethnic groups; for instance, among adults
in the U.S. seeking treatment for substance use disorders, alcohol use disorder is more common
among whites than other racial groups, while cannabis use disorder is more common among
African Americans [101]. The intersection of race and choice of substance of abuse has implications for
treatment, where environmental conditions may play a differential role depending on the substance
of abuse. For instance, race itself has been shown to moderate the effect of treatment modality on
treatment completion, where whites have been shown to accrue greater benefits from residential, as
compared to outpatient treatment [20], which may be due to the predominance of risky substance use
environments in the residential neighborhoods of many minorities.

3. Research Questions for the Environmental Justice of Substance Use

3.1. Where and Why Does Inequity in Risky Substance Use Environments Occur?

As with other domains of environmental justice research, racial and socioeconomic inequities in
the distribution of risky substance use environments engender similar types of research questions.
These questions encompass substantive issues, methodological issues, and policy implications.
Regarding substantive issues, perhaps the most fundamental question is where, and for what types of
environmental risk, is there racial and/or socioeconomic inequity in risky substance use environments?
Research in environmental justice has shown that types of environmental risk due to technological
hazards, and their relationships with certain population subgroups, vary from place to place [31].
Certainly, we would expect similar variations in risky substance use environments. Indeed, while
certain national level studies in the U.S. have shown broad associations between indicators of risky
substance use environments and race and class [54], other research has shown that such associations
differ in form and strength across different regions and metropolitan areas [52,53], and even states
in regard to treatment outcomes [100]. Understanding how, and why, the particular regulatory and
socioeconomic development legacies of particular regions have (or have not) produced patterns of
risky substance use environment inequity is important.

One question that has been central to environmental justice research on industrial hazards
addresses the distinction between race and class as mechanisms of environmental inequity [106], with
some researchers suggesting that when left to compete statistically for explanation, racial inequities
are artifacts of the effect of socioeconomic status on environmental risk [107]. While later research
argued that race and class cannot be neatly divided, and that explanations of environmental inequity
should incorporate the historical narratives of how race and class intertwine in legacies of urban
land development [108], the relationship between race and class is also of interest to studies of risky
substance use environments. For instance, socioeconomic status may moderate the relationship
between race and indicators of risky substance use environments or between indicators of risky
substance use environments and substance use outcomes.
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Finally, there is the question of why racial and socioeconomic inequities in risky substance use
environments occur. We might consider several theoretical explanations drawn from the environmental
justice literature [108–110]. First, there might be discrimination on the part of businesses that sell
alcohol or tobacco, where such sales or advertising are targeted towards minorities and/or the
poor, or on the part of agencies that regulate such sales and advertising. Second, businesses selling
alcohol and tobacco, or attendant advertising, may choose to locate in neighborhoods that lack the
political power to fight the presence of stores selling liquor and tobacco (though we note that such
stores, which may include supermarkets, pharmacies, and convenience stores, may be perceived as
innocuous and also provide benefits to the community). Third, economic processes, such as those
that drive commercial development and residential real estate prices, may play a role in creating
neighborhoods where minority residents and poverty coincide with alcohol and tobacco sales and
advertising. Fourth, structural and historical racism may play a role in creating disadvantaged and
disordered neighborhoods that put minorities and the poor at risk for chronic stress and subsequent
risk for substance use.

3.2. How Should Environmental Justice Analyses of Risky Substance Use Environments Be Conducted?

Methodological questions analogous to those that have been addressed in more conventional
environmental justice analyses [111] also arise when studying risky substance use environments,
including how to represent and measure exposure to risk, and what health outcomes can be connected
to such exposure. Specifically, research should inquire how environmental risk for substance use
should be quantified. Measures of access or exposure to sales and advertising of substances generally
utilize metrics of distance to, or density of, stores selling tobacco or alcohol [46], whereas measures of
neighborhood concentrated disadvantage and disorder generally rely on spatially aggregated census
or other survey data [28,77,96]. Sometimes, subject perceptions of neighborhood disorder or social
cohesion are employed [71]. However, no standard approach for quantifying the level of environmental
risk for substance use has yet emerged.

In addition, questions remain as to how indicators of risky substance use environments should
be linked to exposure for individuals. The majority of environmental justice research has employed
aggregated population data and, consequently, developed risk measures estimated according to
spatial units of population enumeration [109]. While these same strategies can be employed with
exposure to risky substance use environments, most research on substance use outcomes uses data at
the individual level. Challenges persist in linking exposure to risky substance use environments to
individual substance use and treatment outcomes. Given that individuals have different substance use
histories and experiences, identifying unique, individualized risky substance use environments may
be of greatest utility for treatment and long term recovery purposes.

A common approach to estimating an environmental exposure for an individual is to identify the
characteristics of the neighborhood within which that individual resides, where the neighborhood is
often defined by political jurisdiction (e.g., U.S. municipalities), census enumeration (e.g., U.S. Census
Bureau tracts), or postal code (e.g., U.S. Postal Service zip codes) [80]. However, such approaches
have been criticized for failing to capture the actual environmental exposures experienced by
individuals [112]. In addition, behavioral health researchers have recognized that measurements
of environmental exposure should incorporate not only the home neighborhood but also the locations
of friends and family, work, and leisure which they frequent throughout their daily lives [27,113].
This constellation of places where one resides and regularly travels to engage in daily activities is
referred to as an individual’s activity space [113,114].

Recent advances in integrating geospatial technologies, such as global positioning systems (GPS)
and geographic information systems (GIS), with ecological momentary assessment (EMA), an approach
for collecting survey data on individuals’ moods, behaviors, and social interactions in real-time via
mobile phone, show promise in this regard. Studies have employed geospatially-enabled EMA to
capture the exposure to risky substance use environments, not only at an individual’s residence but
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also throughout their activity space [103,115]. These geographic and longitudinal data can be used to
develop statistical models representing the causal mechanisms that link exposure to risky substance
use environments to consequent substance use behaviors [116], as well as incorporate the moderating
or mediating role of other mechanisms, such as peer and family relationships, that can shed light on
how risky substance use environments produce substance use outcomes.

3.3. What Are the Policy Implications for the Environmental Justice of Risky Substance Use Environments?

The environmental justice community has been successful in bringing environmental justice
issues to bear in federal and state environmental regulations. Likewise, there are substantial regulatory
and policy implications of the environmental justice of risky substance use environments. If, indeed,
racial and socioeconomic inequity in the access and exposure to tobacco, alcohol, and illicit drugs
contributes to health disparities in substance use disorders and treatment outcomes, then regulatory
agencies might consider racial and socioeconomic factors in licensing and siting alcohol and tobacco
stores and advertising. While sales and advertising of tobacco and alcohol are already substantially
regulated, such regulations are typically not considered within an environmental justice frame [117].
Environmental justice researchers should explore how regulations on land development that affects
the access and exposure to tobacco and alcohol can be adapted to address racial and socioeconomic
inequities, as well as vulnerable populations, such as children and adolescents.

Addressing problems of concentrated disadvantage and disorder clearly encompasses policy
implications beyond substance use and addiction. However, environmental justice researchers should
investigate the role of such environmental factors in substance use policies. Of particular relevance here
are policies related to the criminalization of drug use and the consequent disproportionate incarceration
of minorities in the U.S. for drug crimes. A recent 2014 National Research Council report [118] details
some of these inequalities. With about 2.2 million adults in county jails and state and federal prisons,
the U.S. has both the largest incarcerated population and the highest rate of incarceration in the world.
These prisoners tend to come from the most disadvantaged areas of the nation, and minority groups
are greatly overrepresented, comprising about 60% of the incarcerated population [119]. Moreover, the
rate of incarceration among African Americans is six times that of whites, and for Hispanics three
times that of whites. In fact, among recent cohorts of African American male high school dropouts, it
has been estimated that 70% have been incarcerated at some point in their young lives [118].

Federal and state drug policies, and harsher sentencing laws for drug crimes, are the primary
contributors to this mass incarceration that has so disproportionally impacted minorities and the
disadvantaged. Recently, there has been a greater recognition and public discourse about this
problem, with various legislative and policy efforts aimed at reducing these extremely high levels of
incarceration [120]. However, as ex-offenders are released back into their communities of origin,
the risk of recidivism and re-offending may be influenced by many of the same neighborhood
environmental risk factors discussed above that relate to both continued substance use, a major
risk factor for recidivism, as well as criminal behavior [121–123]. Environmental justice researchers
are well-positioned to investigate the dynamics among neighborhood disadvantage and disorder,
inter-related substance use and criminal behaviors, and the consequent disproportionate incarceration
of minorities and the poor.

Prevention programs that seek to suppress substance use initiation, and treatment programs
that facilitate substance use cessation and long term recovery, both of which may reduce the
likelihood of incarceration and recidivism, should explicitly consider environmental characteristics
as an important component. For example, treatment programs often teach clients about behavioral
cues that are associated with substance use (e.g., smoking after a meal, drinking after work) and
the linkages between these conditioned cues and relapse [124,125]. Embedding cue awareness with
place-based anchors, such that clients become more fully aware of their own personal and particular
set of places that may act as cues that trigger craving, could increase the effectiveness of treatment
programs by making clients more aware of their own individual spatial behaviors that can lead



Int. J. Environ. Res. Public Health 2016, 13, 607 9 of 15

to relapse [126,127]. Often these programs seek to identify clients’ social contacts who are either
involved with substance use (and therefore represent a risky association), or not involved (and
therefore represent a protective association) to further the client’s long term recovery. These networks
of associates can be understood within a place-based contextual framework, grounding people, places,
and substance use within a geography of substance use risk or protection that is unique to each
individual. Such individual-level information can be utilized to develop personalized substance
use prevention and treatment programs [128,129]. Questions remain, however, as to how to create
substance use prevention and treatment programs informed by these contextual mechanisms in
a manner that is cost-effective and easily adaptable for use in community-based programs.

4. Conclusions

Substance use disorders are widely recognized as one of the most pressing public health
problems, and recent research indicates that environmental factors influence substance use behaviors.
Evidence suggests that racial and socioeconomic inequities in the environmental factors that may
engender substance abuse, including access and exposure to substances of abuse, neighborhood
disadvantage and disorder, and environmental barriers to treatment, contribute to observed health
disparities in rates of substance use disorders and treatment outcomes. Environmental justice
researchers, with substantial experience in addressing racial and ethnic inequities in environmental
risk due to technological and other hazards, should consider similar inequities in risky substance use
environments as an environmental justice issue. Research should aim at illustrating where, why, and
how such inequities in risky substance use environments occur, the implications of such inequities
for disparities in substance use disorders and treatment outcomes, and the implications for tobacco,
alcohol, and drug policies and prevention and treatment programs.

Acknowledgments: This research was supported by grant No. 1R01 DA031724-01A1 from the National Institute
on Drug Abuse. The findings and conclusions are those of the authors and do not necessarily represent the views
of the National Institute on Drug Abuse, or the National Institutes of Health.

Author Contributions: Jeremy Mennis conceptualized the manuscript. Jeremy Mennis, Gerald Stahler, and
Michael Mason all contributed to writing and editing the manuscript.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Pearce, J. An environmental justice framework for understanding neighborhood inequalities in health and
well-being. In Neighborhood Effects or Neighborhood Based Problems? Springer: Dordrecht, The Netherlands,
2013; pp. 89–111.

2. Schlosberg, D. Theorising environmental justice: The expanding sphere of a discourse. Environ. Politics 2013,
22, 37–55. [CrossRef]

3. Chakraborty, J.; Tobin, G.; Montz, B. Population evacuation: Assessing spatial variability in geophysical risk
and social vulnerability to natural hazards. Nat. Hazards Rev. 2005, 6, 23–33. [CrossRef]

4. Cutter, S.L. Hazards, Vulnerability and Environmental Justice; Earthscan: New York, NY, USA, 2006.
5. Schwarz, K.; Fragkias, M.; Boone, C.G.; Zhou, W.; McHale, M.; Grove, M.J.; O’Neil-Dunne, J.; McFadden, J.P.;

Buckley, G.L.; Childers, D.; et al. Trees grow on money: Urban tree canopy cover and environmental justice.
PLoS ONE 2015, 10, e0122051. [CrossRef] [PubMed]

6. Wolch, J.R.; Byrne, J.; Newell, J.P. Urban green space, public health, and environmental justice: The challenge
of making cities “just green enough”. Landsc. Urban Plan. 2014, 125, 234–244. [CrossRef]

7. Brown, P.; Mayer, B.; Zavestoski, S.; Luebke, T.; Mandelbaum, J.; McCormick, S. The health politics of asthma:
Environmental justice and collective illness experience in the United States. Soc. Sci. Med. 2003, 57, 453–464.
[CrossRef]

8. Schwartz, N.-A.; Alysse von Glascoe, C.; Torres, V.; Ramos, L.; Soria-Delgado, C. “Where they (live, work
and) spray”: Pesticide exposure, childhood asthma and environmental justice among Mexican-American
farmworkers. Health Place 2015, 32, 83–92. [CrossRef] [PubMed]

http://dx.doi.org/10.1080/09644016.2013.755387
http://dx.doi.org/10.1061/(ASCE)1527-6988(2005)6:1(23)
http://dx.doi.org/10.1371/journal.pone.0122051
http://www.ncbi.nlm.nih.gov/pubmed/25830303
http://dx.doi.org/10.1016/j.landurbplan.2014.01.017
http://dx.doi.org/10.1016/S0277-9536(02)00375-1
http://dx.doi.org/10.1016/j.healthplace.2014.12.016
http://www.ncbi.nlm.nih.gov/pubmed/25659530


Int. J. Environ. Res. Public Health 2016, 13, 607 10 of 15

9. Shortt, N.K.; Rind, E.; Pearce, J.; Mitchell, R. Integrating environmental justice and socioecological models of
health to understand population-level physical activity. Environ. Plan. A 2014, 46, 1479–1495. [CrossRef]

10. Coulon, S.M.; Wilson, D.K.; Egan, B.M. Associations among environmental supports, physical activity, and
blood pressure in African-American adults in the PATH trial. Soc. Sci. Med. 2013, 87, 108–115. [CrossRef]
[PubMed]

11. Hilmers, A.; Hilmers, D.C.; Dave, J. Neighborhood disparities in access to healthy foods and their effects of
environmental justice. Am. J. Public Health 2012, 102, 1644–1654. [CrossRef] [PubMed]

12. Volkow, N.; Li, T. The neuroscience of addiction. Nat. Neurosci. 2005, 8, 1429–1430. [CrossRef] [PubMed]
13. Volkow, N.; Baler, R.; Goldstein, R. Addiction: Pulling at the neural threads of social behaviors. Neuron 2011,

69, 599–602. [CrossRef] [PubMed]
14. American Society of Addiction Medicine. Definition of Addiction: Frequently Asked Questions; American Society

of Addiction Medicine: Chevy Chase, MD, USA, 2011.
15. The National Center on Addiction and Substance Abuse at Columbia University. Addiction Medicine: Closing

the Gap between Science and Practice; Columbia University: New York, NY, USA, 2012.
16. United Nations Office on Drugs and Crime. World Drug Report 2015; United Nations: New York, NY,

USA, 2015.
17. Substance Abuse and Mental Health Services Administration. Behavioral Health Trends in United States:

Results from the 2014 National Survey on Drug Use and Health; U.S. Department of Health and Human Services:
Rockville, MD, USA, 2014.

18. McLellan, A.; Lewis, D.; O’Brien, C.; Kleber, H. Drug dependence, a chronic medical illness: Implications for
treatment, insurance, and outcomes evaluation. J. Am. Med. Assoc. 2000, 284, 1689–1695. [CrossRef]

19. Substance Abuse and Mental Health Services Administration. Results from the 2013 National Survey on Drug
Use and Health: Summary of National Findings; U.S. Department of Health and Human Services: Rockville,
MD, USA, 2014.

20. Stahler, G.; Mennis, J.; DuCette, J. Residential and outpatient treatment completion for substance use
disorders in the U.S.: Moderation analysis by demographics and drug of choice. Addict. Behav. 2016, 58,
129–135. [CrossRef] [PubMed]

21. Scheier, L.M. Handbook of Drug Use Etiology: Theory, Methods, and Empirical Findings; American Psychological
Association: Washington, DC, USA, 2010.

22. Bronfenbrenner, U. The Ecology of Human Development: Experiments by Nature and Design; A.W. Longman:
Essex, UK, 1979.

23. Brooks-Gunn, J.; Duncan, G.; Kiebanov, P.K.; Sealand, N. Do neighborhoods influence child and adolescent
development? Am. J. Sociol. 1993, 99, 353–395. [CrossRef]

24. Diez-Roux, A.V.; Mair, C. Neighborhoods and health. Ann. N. Y. Acad. Sci. 2010, 1186, 125–145. [CrossRef]
[PubMed]

25. Mason, M.J.; Mennis, J.; Coatsworth, J.D.; Valente, T.; Lawrence, F.; Pate, P. The relationship of place to
substance use and perceptions of risk and safety in urban adolescents. J. Environ. Psychol. 2009, 29, 485–492.
[CrossRef] [PubMed]

26. Galea, S.; Rudenstine, S.; Vlahov, D. Drug use, misuse, and the urban environment. Drug Alcohol Rev. 2005,
24, 127–136. [CrossRef] [PubMed]

27. Mennis, J.; Mason, M.J. People, places, and adolescent substance use: Integrating activty space and social
network data for analyzing health behavior. Ann. Assoc. Am. Geogr. 2011, 101, 272–291. [CrossRef]

28. Reboussin, B.A.; Green, K.M.; Milam, A.J.; Furr-Holden, D.M.; Johnson, R.M.; Ialongo, N.S. The role of
neighborhood in urban black adolescent marijuana use. Drug Alcohol Depend. 2015, 154, 69–75. [CrossRef]
[PubMed]

29. Nelson, S.E.; van Ryzin, M.J.; Dishion, T.J. Alcohol, marijuana, and tobacco use trajectories from age 12 to 24
years: Demographic correlates and young adult substance use problems. Dev. Physiol. 2015, 27, 253–277.
[CrossRef] [PubMed]

30. Chen, C.; Storr, C.; Anthony, J. Early-onset drug use and risk for drug dependence problems. Addict. Behav.
2009, 34, 319–322. [CrossRef] [PubMed]

31. Mennis, J.; Jordan, L. The distribution of environmental equity: Exploring spatial nonstationarity in
multivariate models of air toxic releases. Ann. Assoc. Am. Geogr. 2005, 95, 249–268. [CrossRef]

http://dx.doi.org/10.1068/a46113
http://dx.doi.org/10.1016/j.socscimed.2013.03.018
http://www.ncbi.nlm.nih.gov/pubmed/23631785
http://dx.doi.org/10.2105/AJPH.2012.300865
http://www.ncbi.nlm.nih.gov/pubmed/22813465
http://dx.doi.org/10.1038/nn1105-1429
http://www.ncbi.nlm.nih.gov/pubmed/16251981
http://dx.doi.org/10.1016/j.neuron.2011.01.027
http://www.ncbi.nlm.nih.gov/pubmed/21338873
http://dx.doi.org/10.1001/jama.284.13.1689
http://dx.doi.org/10.1016/j.addbeh.2016.02.030
http://www.ncbi.nlm.nih.gov/pubmed/26925821
http://dx.doi.org/10.1086/230268
http://dx.doi.org/10.1111/j.1749-6632.2009.05333.x
http://www.ncbi.nlm.nih.gov/pubmed/20201871
http://dx.doi.org/10.1016/j.jenvp.2009.08.004
http://www.ncbi.nlm.nih.gov/pubmed/20161426
http://dx.doi.org/10.1080/09595230500102509
http://www.ncbi.nlm.nih.gov/pubmed/16076582
http://dx.doi.org/10.1080/00045608.2010.534712
http://dx.doi.org/10.1016/j.drugalcdep.2015.06.029
http://www.ncbi.nlm.nih.gov/pubmed/26162651
http://dx.doi.org/10.1017/S0954579414000650
http://www.ncbi.nlm.nih.gov/pubmed/25017089
http://dx.doi.org/10.1016/j.addbeh.2008.10.021
http://www.ncbi.nlm.nih.gov/pubmed/19022584
http://dx.doi.org/10.1111/j.1467-8306.2005.00459.x


Int. J. Environ. Res. Public Health 2016, 13, 607 11 of 15

32. Zhao, J.; Stockwell, T.; Martin, G.; MacDonald, S.; Vallance, K.; Treno, A.; Ponicki, W.; Tu, A.; Buxton, J.
The relationship between minimum alcohol prices, outlet densities, and alcohol-attributable deaths in British
Columbia, 2002–2009. Addiction 2013, 108, 1059–1069. [CrossRef] [PubMed]

33. Spoerri, A.; Zwahlen, M.; Panczak, R.; Egger, M.; Huss, A. Alcohol-selling outlets and mortality in
switzerland—The Swiss national cohort. Addiction 2011, 108, 1603–1611. [CrossRef] [PubMed]

34. Chen, M.; Grube, J.; Gruenewald, P. Community alcohol outlet density and underage drinking. Addiction
2010, 105, 270–278. [CrossRef] [PubMed]

35. Wang, S.; Ling, I.; Chen, C.; Chen, D.; Chan, T.; Chen, W.J. Availability of convenience stores and adolescent
alcohol use in Taiwan: A multilevel analysis of national surveys. Addiction 2013, 108, 2081–2088. [CrossRef]
[PubMed]

36. Kypri, K.; Bell, M.; Hay, G.; Baxter, J. Alcohol outlet density and university student drinking: A national
study. Addiction 2008, 103, 1131–1138. [CrossRef] [PubMed]

37. Halonen, J.K.M.; Virtanen, M.; Pentti, J.; Subramanian, S.; Kawachi, I.; Vahtera, J. Living in proximity of a bar
and risky alcohol behaviours: A longitudinal study. Addiction 2012, 108, 320–328. [CrossRef] [PubMed]

38. Livingston, M. Alcohol outlet density and assault: A spatial analysis. Addiction 2008, 103, 619–628. [CrossRef]
[PubMed]

39. Jennings, J.; Milam, A.; Greiner, A.; Furr-Holden, C.; Curriero, F.; Thornton, R. Neighborhood alcohol
outlets and the association with violent crime in one mid-Atlantic city: The implications for zoning policy.
J. Urban Health 2014, 9, 62–71. [CrossRef] [PubMed]

40. Novack, S.; Reardon, S.; Raudenbush, S.; Buka, S. Retail tobacco outlet density and youth cigarette smoking:
A propensity modeling approach. Am. J. Public Health 2006, 96, 670–676. [CrossRef] [PubMed]

41. Lipperman-Kreda, S.; Grube, J.; Friend, K. Local tobacco policy and tobacco outlet density: Associations
with youth smoking. J. Adolesc. Health 2012, 50, 547–552. [CrossRef] [PubMed]

42. Cantrell, J.; Pearson, J.; Anesetti-Rothermel, A.; Xial, H.; Kirchner, T.; Vallone, D. Tobacco retail outlet density
and young adult tobacco initiation. Nicotine Tob. Res. 2016, 18, 130–137. [CrossRef] [PubMed]

43. Robertson, L.; McGee, R.; Marsh, L.; Hoek, J. A systematic review on the impact of point-of-sale tobacco
promotion on smoking. Nicotine Tob. Res. 2015, 17, 2–17. [CrossRef] [PubMed]

44. Wakefield, M.; Germain, D.; Durkin, S.; Henriksen, L. An experimental study of effects on schoolchildren
of exposure to point-of-sale advertising and pack displays. Health Educ. Res. 2006, 21, 338–347. [CrossRef]
[PubMed]

45. Paynter, J.; Edwards, R. The impact of tobacco promotion at the point-of-sale: A systematic review.
Nicotine Tob. Res. 2009, 11, 25–35. [CrossRef] [PubMed]

46. Mennis, J.; Mason, M. Tobacco outlet density and attitudes towards smoking among urban adolescent
smokers. Nicotine Tob. Res. 2016, in press.

47. Wakefield, M.; Kloska, D.; O’Malley, P.; Johnston, L.; Chaloupka, F.; Pierce, J.; Giovino, G.; Ruel, E.; Flay, B.
The role of smoking intentions in predicting future smoking among youth: Findings from monitoring the
future data. Addiction 2004, 99, 914–922. [CrossRef] [PubMed]

48. Bryden, A.; Roberts, B.; McKee, M.; Petticrew, M. A systemtic review of the influence on alcohol use of
community level availability and marketing of alcohol. Health Place 2012, 18, 349–357. [CrossRef] [PubMed]

49. Conklin, C.; Robin, N.; Perkins, K.; Salkeld, R.M.F. Proximal versus distal cues to smoke: The effects of
environment on smokers’ cue-reactivity. Exp. Clin. Psychopharmacol. 2010, 16, 207–214. [CrossRef] [PubMed]

50. Pearce, J.; Rind, E.; Shortt, N.; Tisch, C.; Mitchell, R. Tobacco retail environments and social inequalities
in individual-level smoking and cessation among Scottish adults. Nicotine Tob. Res. 2016, 18, 138–146.
[CrossRef] [PubMed]

51. Mennis, J.; Mason, M.; Way, T.; Zaharakis, N. The role of tobacco outlet density in a smoking cessation
intervention for urban youth. Health Place 2016, 38, 39–47. [CrossRef] [PubMed]

52. Peterson, N.; Lowe, J.; Reid, R. Tobacco outlet density, cigarette smoking prevalence, and demographics at
the county level of analysis. Subst. Use Misuse 2005, 40, 1627–1635. [CrossRef] [PubMed]

53. Lee, J.; Henriksen, L.; Rose, S.; Moreland-Russell, S.; Ribisl, K. A systematic review of neighborhood
disparities in point-of-sale tobacco marketing. Am. J. Public Health 2015, 105, e8–e18. [CrossRef] [PubMed]

54. Rodriguez, D.; Carlos, H.; Adachi-Mejia, A.; Berke, E.; Sargent, J. Predictors of tobacco outlet density
nationwide: A geographic analysis. Tob. Control 2013, 22, 349–355. [CrossRef] [PubMed]

http://dx.doi.org/10.1111/add.12139
http://www.ncbi.nlm.nih.gov/pubmed/23398533
http://dx.doi.org/10.1111/add.12218
http://www.ncbi.nlm.nih.gov/pubmed/23668470
http://dx.doi.org/10.1111/j.1360-0443.2009.02772.x
http://www.ncbi.nlm.nih.gov/pubmed/20078485
http://dx.doi.org/10.1111/add.12278
http://www.ncbi.nlm.nih.gov/pubmed/23773461
http://dx.doi.org/10.1111/j.1360-0443.2008.02239.x
http://www.ncbi.nlm.nih.gov/pubmed/18554346
http://dx.doi.org/10.1111/j.1360-0443.2012.04053.x
http://www.ncbi.nlm.nih.gov/pubmed/22897634
http://dx.doi.org/10.1111/j.1360-0443.2008.02136.x
http://www.ncbi.nlm.nih.gov/pubmed/18339106
http://dx.doi.org/10.1007/s11524-013-9821-z
http://www.ncbi.nlm.nih.gov/pubmed/24002723
http://dx.doi.org/10.2105/AJPH.2004.061622
http://www.ncbi.nlm.nih.gov/pubmed/16507726
http://dx.doi.org/10.1016/j.jadohealth.2011.08.015
http://www.ncbi.nlm.nih.gov/pubmed/22626479
http://dx.doi.org/10.1093/ntr/ntv036
http://www.ncbi.nlm.nih.gov/pubmed/25666816
http://dx.doi.org/10.1093/ntr/ntu168
http://www.ncbi.nlm.nih.gov/pubmed/25173775
http://dx.doi.org/10.1093/her/cyl005
http://www.ncbi.nlm.nih.gov/pubmed/16702196
http://dx.doi.org/10.1093/ntr/ntn002
http://www.ncbi.nlm.nih.gov/pubmed/19246438
http://dx.doi.org/10.1111/j.1360-0443.2004.00742.x
http://www.ncbi.nlm.nih.gov/pubmed/15200587
http://dx.doi.org/10.1016/j.healthplace.2011.11.003
http://www.ncbi.nlm.nih.gov/pubmed/22154843
http://dx.doi.org/10.1037/1064-1297.16.3.207
http://www.ncbi.nlm.nih.gov/pubmed/18540780
http://dx.doi.org/10.1093/ntr/ntv089
http://www.ncbi.nlm.nih.gov/pubmed/25895953
http://dx.doi.org/10.1016/j.healthplace.2015.12.008
http://www.ncbi.nlm.nih.gov/pubmed/26798960
http://dx.doi.org/10.1080/10826080500222685
http://www.ncbi.nlm.nih.gov/pubmed/16253931
http://dx.doi.org/10.2105/AJPH.2015.302777
http://www.ncbi.nlm.nih.gov/pubmed/26180986
http://dx.doi.org/10.1136/tobaccocontrol-2011-050120
http://www.ncbi.nlm.nih.gov/pubmed/22491038


Int. J. Environ. Res. Public Health 2016, 13, 607 12 of 15

55. Fakunle, D.; Morton, C.; Peterson, A. The importance of income in the link between tobacco outlet density
and demographics at the tract level of analysis in New Jersey. J. Ethn. Subst. Use 2010, 9, 249–259. [CrossRef]
[PubMed]

56. Fakunle, D.; Milam, A.; Furr-Holden, C.; Butler, J.; Thorpe, R., Jr.; LaVeist, T. The inequitable distribution of
tobacco outlet density: The role of income in two black mid-Atlantic geopolitical areas. Public Health. 2016,
in press.

57. Hillier, A.; Chilton, M.; Zhao, Q.; Szymkowiak, D.; Coffman, R.; Mallya, G. Concentration of tobacco
advertisements at SNAP and WIC stores, Philadelphia, Pennsylvania, 2012. Prev. Chronic Dis. 2015, 12,
140133. [CrossRef] [PubMed]

58. Shortt, N.; Catherine, T.; Pearce, J.; Mitchell, R.; Richardson, E.; Hill, S.; Collin, J. A cross-sectional
analysis of the relationship between tobacco and alcohol outlet density and neighborhood deprivation.
BMC Public Health 2015, 15, 1014. [CrossRef] [PubMed]

59. Kwate, N.; Loh, J. Fast food and liquor store density, co-tenancy, and turnover: Vice store operations in
Chicago, 1995–2008. Appl. Geogr. 2016, 67, 1–13. [CrossRef]

60. Romley, J.; 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 Drug. 2007, 68, 48–55. [CrossRef]

61. Lowery, B.; Sloane, D. The prevalence of harmful content on outdoor advertising in Los Angeles: Land use,
community characteristics, and the spatial inequality of a public health nuisance. Am. J. Public Health 2014,
104, 658–664. [CrossRef] [PubMed]

62. Barbeau, E.; Wolin, K.; Naumova, E.; Balbach, E. Tobacco advertising in communities: Associations with race
and class. Prev. Med. 2005, 40, 16–22. [CrossRef] [PubMed]

63. Gentry, E.; Poirier, K.; Wilkinson, T.; Nhean, S.; Nyborn, J.; Siegel, M. Alcohol advertising at Boston subway
stations: An assessment of exposure by race and socioeconoimc status. Am. J. Public Health 2011, 101,
1936–1941. [CrossRef] [PubMed]

64. Thomas, C.; Freisthler, B. Examining the locations of medical marijuana dispensaries in Los Angeles.
Drug Alcohol Rev. 2016, 35, 334–337. [CrossRef] [PubMed]

65. Morrison, C.; Gruenewald, P.; Freisthler, B.; Ponicki, W.; Remer, L. The economic geography of medical
cannabis dispensaries in California. Int. J. Drug Policy 2014, 25, 508–515. [CrossRef] [PubMed]

66. Freisthler, B.; Gruenewald, P.; Johnson, F.; Treno, A.; Lasacla, E. An exploratory study examining the spatial
dynamics of illicit drug availability and rates of drug use. J. Drug Educ. 2005, 35, 15–27. [CrossRef] [PubMed]

67. Heslin, K.; Singzon, T.; Farmer, M.; Dobalian, A.; Tsao, J.; Hamilton, A. Therapy or threat? Inadvertent
exposure to alcohol and illicit drug cues in the neighborhoods of sober living homes. Health Soc. Care 2013,
21, 500–508. [CrossRef] [PubMed]

68. Wison, W. The Truly Disadvantaged: The Inner City, the Underclass, and Public Policy; University of Chicago
Press: Chicago, IL, USA, 1987.

69. Mcintyre, S.; Ellaway, A. Neighborhoods and health: Overview. In Neighborhoods and Health; Kawachi, I.,
Berkman, L., Eds.; Oxford University Press: Oxford, UK, 2003; pp. 20–42.

70. Pearlin, L. The sociological study of stress. J. Health Sociol. Behav. 1989, 30, 241–256. [CrossRef]
71. Brenner, A.; Zimmerman, M.; Bauermeister, J.; Cladwell, C. Neighborhood context and perceptions of stress

over time: An ecological model of neighborhood stressors and interpersonal and intrapersonal resources.
Am. J. Commun. Psychol. 2013, 51, 544–556. [CrossRef] [PubMed]

72. Latkin, C.; Curry, A. Stressful neighborhoods and depression: A prospective study of the impact of
neighborhood disorder. J. Health Sociol. Behav. 2003, 44, 34–44. [CrossRef]

73. Jackson, J.; Knight, K.; Rafferty, J. Race and unhealthy behaviors: Chronic stress, the HPA axis, and physical
and mental health disparities over the life course. Am. J. Public Health 2009, 99, 1–7. [CrossRef] [PubMed]

74. Latkin, C.; Curry, A.; Hua, W.; Davey, M. Direct and indirect associations of neighborhood disorder with
drug use and high-risk sexual partners. Am. J. Prev. Med. 2007, 32, 234–241. [CrossRef] [PubMed]

75. Boardman, J.; Finch, B.; Ellison, C.; Williams, D.; Jackson, J. Neighborhood disadvantage, stress, and drug
use among adults. J. Health Sociol. Behav. 2001, 42, 151–165. [CrossRef]

76. Molina, K.; Alegria, M.; Chen, C. Neighborhood context and substance use disorders: A comparative analysis
of racial and ethnic groups in the United States. Drug Alcohol Depend. 2012, 125, 35–43. [CrossRef] [PubMed]

77. Mennis, J.; Mason, M. Social and geographic contexts of adolescent substance use: The moderating effects of
age and gender. Soc. Netw. 2010, 34, 150–157. [CrossRef]

http://dx.doi.org/10.1080/15332640.2010.522890
http://www.ncbi.nlm.nih.gov/pubmed/21161808
http://dx.doi.org/10.5888/pcd12.140133
http://www.ncbi.nlm.nih.gov/pubmed/25654220
http://dx.doi.org/10.1186/s12889-015-2321-1
http://www.ncbi.nlm.nih.gov/pubmed/26437967
http://dx.doi.org/10.1016/j.apgeog.2015.11.021
http://dx.doi.org/10.15288/jsad.2007.68.48
http://dx.doi.org/10.2105/AJPH.2013.301694
http://www.ncbi.nlm.nih.gov/pubmed/24524512
http://dx.doi.org/10.1016/j.ypmed.2004.04.056
http://www.ncbi.nlm.nih.gov/pubmed/15530576
http://dx.doi.org/10.2105/AJPH.2011.300159
http://www.ncbi.nlm.nih.gov/pubmed/21852632
http://dx.doi.org/10.1111/dar.12325
http://www.ncbi.nlm.nih.gov/pubmed/26423794
http://dx.doi.org/10.1016/j.drugpo.2013.12.009
http://www.ncbi.nlm.nih.gov/pubmed/24439710
http://dx.doi.org/10.2190/25QY-PBC3-B1EB-JB5Y
http://www.ncbi.nlm.nih.gov/pubmed/16270695
http://dx.doi.org/10.1111/hsc.12040
http://www.ncbi.nlm.nih.gov/pubmed/23551743
http://dx.doi.org/10.2307/2136956
http://dx.doi.org/10.1007/s10464-013-9571-9
http://www.ncbi.nlm.nih.gov/pubmed/23400396
http://dx.doi.org/10.2307/1519814
http://dx.doi.org/10.2105/AJPH.2008.143446
http://www.ncbi.nlm.nih.gov/pubmed/19846689
http://dx.doi.org/10.1016/j.amepre.2007.02.023
http://www.ncbi.nlm.nih.gov/pubmed/17543716
http://dx.doi.org/10.2307/3090175
http://dx.doi.org/10.1016/j.drugalcdep.2012.05.027
http://www.ncbi.nlm.nih.gov/pubmed/22699095
http://dx.doi.org/10.1016/j.socnet.2010.10.003


Int. J. Environ. Res. Public Health 2016, 13, 607 13 of 15

78. Massey, D. Residential segregation is the linchpin of racial stratification. City Community 2016, 15, 4–7.
[CrossRef]

79. Copeland-Linder, N.; Lambert, S.; Chen, Y.; Ialongo, N. Contextual stress and health risk behaviors among
African American adolescents. J. Youth Adolesc. 2011, 40, 158–173. [CrossRef] [PubMed]

80. Brenner, A.; Zimmerman, M.; Bauermeister, J.; Caldwell, C. The physiological expression of living in
disadvantaged neighborhoods for youth. J. Youth Adolesc. 2013, 42, 792–806. [CrossRef] [PubMed]

81. Nebbit, V.; Lombe, M.; Yu, M.; Vaughn, M.; Stokes, C. Ecological correlates of substance use in
African American adolscents living in public housing communities: Assessing the moderating effects
of social cohesion. Child. Youth Serv. Rev. 2012, 34, 338–347. [CrossRef]

82. Sampson, R.; Raudenbush, S.; Earls, F. Neighborhoods and violent crime: A multilevel study of collective
efficacy. Science 1997, 277, 918–924. [CrossRef] [PubMed]

83. Duff, C. Enabling places and enabliing resources: New directions for harm reduction research and practice.
Drug Alcohol Rev. 2010, 29, 337–344. [CrossRef] [PubMed]

84. Mennis, J.; Dayanim, S.; and Grunwald, H. Neighborhood collective efficacy and dimensions of diversity:
A multilevel analysis. Environ. Plan. A 2013, 45, 2176–2193. [CrossRef]

85. Mason, M.; Schmidt, C.; Mennis, J. Dimensions of religiosity and access to religious social capital: Correlates
with substance use among urban adolescents. J. Prim. Prev. 2012, 33, 229–237. [CrossRef] [PubMed]

86. Bratman, G.; Hamilton, J.; Hahn, K.; Daily, G.; Gross, J. Nature experiences reduces rumination and subgenual
prefrontal cortex activation. Proc. Nat. Acad. Sci. USA 2015, 112, 8567–8572. [CrossRef] [PubMed]

87. De Vries, S.; van Dillen, S.; Groenewegen, P.; Spreeuwenberg, P. Streetscape greenery and health: Stress,
social cohesion, and physical activity as mediators. Soc. Sci. Med. 2013, 94, 26–33. [CrossRef] [PubMed]

88. Mitchell, R.; Popham, F. Effect of exposure to natural environment on health inequalities: An observational
population study. Lancet 2008, 372, 1655–1660. [CrossRef]

89. Mennis, J.; Stahler, G.; Baron, D. Geographic barriers to community-based psychiatric treatment for drug
dependent patients. Ann. Assoc. Am. Geogr. 2012, 102, 1093–1113. [CrossRef]

90. Guerrero, E.; Kao, D.; Perron, B. Travel distance to outpatient substance use disorder treatment facilities for
Spanish-speaking clients. Int. J. Drug Policy 2013, 24, 38–45. [CrossRef] [PubMed]

91. Brorson, H.; Arnevik, E.; Rand-Hendriksen, K.; Duckert, F. Drop-out from addiction treatment: A systematic
review of risk factors. Clin. Psychol. Rev. 2013, 33, 1010–1024. [CrossRef] [PubMed]

92. Alegria, M.; Page, J.; Hansen, H.; Cauce, A.; Robles, R.; Blanco, C.; Berry, P. Improving drug treatment
services for Hispanics: Research gaps and scientific opportunities. Drug Alcohol Depend. 2006, 84, 76–84.
[CrossRef] [PubMed]

93. Guerrero, E.; Marsh, J.K.T.; Amaro, H.; Vega, W. Disparities in Hispanic substance use, service use,
and treatment: Implications for culturally and evidence-based interventions under health care reform.
Drug Alcohol Depend. 2013, 133, 805–813. [CrossRef] [PubMed]

94. Oser, C.; Harp, K. Treatment outcomes for prescription drug misusers: The negative effect of geographic
discordance. J. Subst. Abuse Treat. 2015, 48, 77–84. [CrossRef] [PubMed]

95. Stahler, G.; Mazzella, S.; Mennis, J.; Chakravorty, S.; Rengert, G.; Spiga, R. The effect of individual,
program, and neighborhood variables on continuity of treatment among dually diagnosed individuals.
Drug Alcohol Depend. 2007, 87, 54–62. [CrossRef] [PubMed]

96. Stahler, G.; Mennis, J.; Cotlar, R.; Baron, D. The influence of the neighborhood environment on treatment
continuity and rehospitalization for dually diagnosed patients discharged from acute inpatient care.
Am. J. Psychiatry 2009, 166, 1258–1268. [CrossRef] [PubMed]

97. Cooper, H.; Linton, S.; Kelley, M.; Ross, Z.; Wolfe, M.; Chen, Y.; Zlotorzynska, M.; Hunter-Jones, J.;
Friedman, S.; Jarlais, D.; et al. Racialized risk environments in a large sample of people who inject drugs in
the United States. Int. J. Drug Policy 2016, 27, 43–55. [CrossRef] [PubMed]

98. Wells, K.; Klap, R.; Koike, A.; Sherbourne, C. Ethnic disparities in unmet need for alcoholism, drug abuse,
and mental health care. Am. J. Psychiatry 2001, 158, 2027–2032. [CrossRef] [PubMed]

99. Marsh, J.; Cao, D.; Guerrero, E.; Shin, H. Need-service matching in substance abuse treatment: Racial/ethnic
differences. Eval. Program Plan. 2009, 32, 43–51. [CrossRef] [PubMed]

100. Arndt, S.; Acion, L.; White, K. How the states stack up: Disparities in substance abuse outpatient treatment
completion rates for minorities. Drug Alcohol Depend. 2013, 132, 547–555. [CrossRef] [PubMed]

http://dx.doi.org/10.1111/cico.12145
http://dx.doi.org/10.1007/s10964-010-9520-y
http://www.ncbi.nlm.nih.gov/pubmed/20213481
http://dx.doi.org/10.1007/s10964-012-9838-8
http://www.ncbi.nlm.nih.gov/pubmed/23086016
http://dx.doi.org/10.1016/j.childyouth.2011.11.003
http://dx.doi.org/10.1126/science.277.5328.918
http://www.ncbi.nlm.nih.gov/pubmed/9252316
http://dx.doi.org/10.1111/j.1465-3362.2010.00187.x
http://www.ncbi.nlm.nih.gov/pubmed/20565528
http://dx.doi.org/10.1068/a45428
http://dx.doi.org/10.1007/s10935-012-0283-y
http://www.ncbi.nlm.nih.gov/pubmed/23139081
http://dx.doi.org/10.1073/pnas.1510459112
http://www.ncbi.nlm.nih.gov/pubmed/26124129
http://dx.doi.org/10.1016/j.socscimed.2013.06.030
http://www.ncbi.nlm.nih.gov/pubmed/23931942
http://dx.doi.org/10.1016/S0140-6736(08)61689-X
http://dx.doi.org/10.1080/00045608.2012.657142
http://dx.doi.org/10.1016/j.drugpo.2012.04.004
http://www.ncbi.nlm.nih.gov/pubmed/22705358
http://dx.doi.org/10.1016/j.cpr.2013.07.007
http://www.ncbi.nlm.nih.gov/pubmed/24029221
http://dx.doi.org/10.1016/j.drugalcdep.2006.05.009
http://www.ncbi.nlm.nih.gov/pubmed/16781087
http://dx.doi.org/10.1016/j.drugalcdep.2013.07.027
http://www.ncbi.nlm.nih.gov/pubmed/23953657
http://dx.doi.org/10.1016/j.jsat.2014.08.002
http://www.ncbi.nlm.nih.gov/pubmed/25200740
http://dx.doi.org/10.1016/j.drugalcdep.2006.07.010
http://www.ncbi.nlm.nih.gov/pubmed/16962255
http://dx.doi.org/10.1176/appi.ajp.2009.08111667
http://www.ncbi.nlm.nih.gov/pubmed/19797433
http://dx.doi.org/10.1016/j.drugpo.2015.07.015
http://www.ncbi.nlm.nih.gov/pubmed/26342272
http://dx.doi.org/10.1176/appi.ajp.158.12.2027
http://www.ncbi.nlm.nih.gov/pubmed/11729020
http://dx.doi.org/10.1016/j.evalprogplan.2008.09.003
http://www.ncbi.nlm.nih.gov/pubmed/19019434
http://dx.doi.org/10.1016/j.drugalcdep.2013.03.015
http://www.ncbi.nlm.nih.gov/pubmed/23664124


Int. J. Environ. Res. Public Health 2016, 13, 607 14 of 15

101. Mennis, J.; Stahler, G. Racial and ethnic disparities in outpatient substance use disorder treatment episode
completion for different substances. J. Subst. Abuse Treat. 2016, 63, 25–33. [CrossRef] [PubMed]

102. Brown, Q.; Milam, A.; Bowie, J.; Ialongo, N.; Gaskin, D.; Furr-Holden, D. The moderating role of gender in
the relationship between tobacco outlet exposure and tobacco use among African American young adults.
Prev. Sci. 2016, 17, 338–346. [CrossRef] [PubMed]

103. Mason, M.; Mennis, J.; Way, T.; Light, J.; Rusby, J.; Westling, E.; Crewe, S.; Flay, B.; Campbell, L.; Zaharakis, N.;
et al. Young urban adolescents’ activity space, peers, and substance use. Health Place 2015, 34, 143–149.
[CrossRef] [PubMed]

104. Davis, B.; Grier, S. A tale of two urbanicities: Adolescent alcohol and cigarette consumption in high and
low-poverty urban neighborhoods. J. Bus. Res. 2015, 68, 2109–2116. [CrossRef]

105. Cantrell, J.; Anesetti-Rothermel, A.; Pearson, J.; Xiao, H.; Vallone, D.; Kirchner, T. The impact of the tobacco
retail environment on adult cessation and differences by neighborhood poverty. Addiction 2015, 110, 152–161.
[CrossRef] [PubMed]

106. Downey, L. Environmental injustice: Is race or class a better predictor. Soc. Sci. Q. 1998, 79, 766–778.
107. Anderton, D.; Anderson, A.; Rossi, P.; Oakes, J.; Fraser, M.; Weber, E.; Dalabrese, E. Hazardous waste facilities:

“Enviromental equity” issues in metropolitan areas. Eval. Rev. 1994, 18, 123–140. [CrossRef]
108. Pulido, L. Rethinking environmental racism: White priviledge and urban development in southern California.

Ann. Assoc. Am. Geogr. 2000, 90, 12–40. [CrossRef]
109. Mohai, P.; Pellow, D.; Roberts, J. Environmental justice. Annu. Rev. Environ. Resour. 2009, 34, 405–430.

[CrossRef]
110. Pellow, D. Garbage Wars: The Struggle for Environmental Justice in Chicago; MIT Press: Cambridge, MA,

USA, 2002.
111. Mennis, J. Using geographic information systems to create and analyze statistical surfaces of population and

risk for environmental justice analysis. Soc. Sci. Q. 2002, 83, 281–297. [CrossRef]
112. Kwan, M.P. The uncertain geographic context problem. Ann. Assoc. Am. Geogr. 2012, 102, 958–968. [CrossRef]
113. Browning, C.R.; Soller, B. Moving beyond neighborhood: Activity spaces and ecological networks as contexts

for youth development. Cityscape 2014, 16, 165–196. [PubMed]
114. Mennis, J.; Mason, M.J.; Cao, Y. Qualitative GIS and the visualization of narrative activity space data. Int. J.

Geogr. Inf. Sci. 2013, 27, 267–291. [CrossRef] [PubMed]
115. Epstein, D.H.; Tyburski, M.; Craig, I.M.; Phillips, K.A.; Jobes, M.L.; Vahabzadeh, M.; Mezghanni, M.;

Lin, J.-L.; Furr-Holden, C.D.M.; Preston, K.L. Real-time tracking of neighborhood surroundings and mood
in urban drug misusers: Application of a new method to study behavior in its geographical context.
Drug Alcohol Depend. 2014, 134, 22–29. [CrossRef] [PubMed]

116. Stahler, G.J.; Mennis, J.; Baron, D. Geospatial technology and the exposome: New perspectives on addiction.
Am. J. Public Health 2013, 103, 1354–1356. [CrossRef] [PubMed]

117. Henriksen, L. Comprehensive tobacco marketing restrictions: promotion, packaging, price and place.
Tob. Control 2012, 21, 147–153. [CrossRef] [PubMed]

118. National Research Council. The Growth of Incarceration in the United States: Exploring Causes and Consequences;
The National Academies Press: Washington, DC, USA, 2014.

119. Carson, E.; Sabol, W. Prisoners in 2011; U.S. Department of Justice, Bureau of Justice Statistics: Washington,
DC, USA, 2012.

120. The White House, Office of the Press Secretary. Fact Sheet: Enhancing the Fairness and Effectiveness of
the Criminal Justice System (Press Release). Available online: https://www.whitehouse.gov/the-press-
office/2015/07/14/fact-sheet-enhancing-fairness-and-effectiveness-criminal-justice-system (accessed on
16 May 2016).

121. Stahler, G.; Mennis, J.; Belenko, S.; Welsh, W.; Hiller, M.; Zajac, G. Predicting recidivism for released state
prison offenders: Examining the influence of individual and neighborhood characteristics and spatial
contagion on the likelihood of reincarceration. Crim. Justice Behav. 2013, 40, 690–711. [PubMed]

122. Kubrin, C.; Stewart, E. Predicting who reoffends: The neglected role of neighborhood context in recidivism
studies. Criminology 2006, 44, 165–197. [CrossRef]

123. Morenoff, J.D.; Harding, D.J. Incarceration, prisoner reentry, and communities. Annu. Rev. Sociol. 2014, 40,
411–429. [CrossRef] [PubMed]

http://dx.doi.org/10.1016/j.jsat.2015.12.007
http://www.ncbi.nlm.nih.gov/pubmed/26818489
http://dx.doi.org/10.1007/s11121-015-0622-3
http://www.ncbi.nlm.nih.gov/pubmed/26680642
http://dx.doi.org/10.1016/j.healthplace.2015.04.005
http://www.ncbi.nlm.nih.gov/pubmed/26026598
http://dx.doi.org/10.1016/j.jbusres.2015.03.009
http://dx.doi.org/10.1111/add.12718
http://www.ncbi.nlm.nih.gov/pubmed/25171184
http://dx.doi.org/10.1177/0193841X9401800201
http://dx.doi.org/10.1111/0004-5608.00182
http://dx.doi.org/10.1146/annurev-environ-082508-094348
http://dx.doi.org/10.1111/1540-6237.00083
http://dx.doi.org/10.1080/00045608.2012.687349
http://www.ncbi.nlm.nih.gov/pubmed/25105172
http://dx.doi.org/10.1080/13658816.2012.678362
http://www.ncbi.nlm.nih.gov/pubmed/26190932
http://dx.doi.org/10.1016/j.drugalcdep.2013.09.007
http://www.ncbi.nlm.nih.gov/pubmed/24332365
http://dx.doi.org/10.2105/AJPH.2013.301306
http://www.ncbi.nlm.nih.gov/pubmed/23763413
http://dx.doi.org/10.1136/tobaccocontrol-2011-050416
http://www.ncbi.nlm.nih.gov/pubmed/22345238
https://www.whitehouse.gov/the-press-office/2015/07/14/fact-sheet-enhancing-fairness-and-effectiveness-criminal-justice-system
https://www.whitehouse.gov/the-press-office/2015/07/14/fact-sheet-enhancing-fairness-and-effectiveness-criminal-justice-system
http://www.ncbi.nlm.nih.gov/pubmed/24443612
http://dx.doi.org/10.1111/j.1745-9125.2006.00046.x
http://dx.doi.org/10.1146/annurev-soc-071811-145511
http://www.ncbi.nlm.nih.gov/pubmed/25400321


Int. J. Environ. Res. Public Health 2016, 13, 607 15 of 15

124. Kaplan, G.B.; Heinrichs, S.C.; Carey, R.J. Treatment of addiction and anxiety using extinction approaches:
Neural mechanisms and their treatment implications. Pharmacol. Biochem. Behav. 2011, 97, 619–625.
[CrossRef] [PubMed]

125. Taylor, J.R.; Olausson, P.; Quinn, J.J.; Torregrossa, M.M. Targeting extinction and reconsolidation mechanisms
to combat the impact of drug cues on addiction. Neuropharmacology 2009, 56, 186–195. [CrossRef] [PubMed]

126. Epstein, D.H.; Willner-Reid, J.; Vahabzadeh, M.; Mezghanni, M.; Lin, J.L.; Preston, K.L. Real-time
electronic diary reports of cue exposure and mood in the hours before cocaine and heroin craving and use.
Arch. Gen. Psychiatry 2009, 66, 88–94. [CrossRef] [PubMed]

127. Gustafson, D.H.; Shaw, B.R.; Isham, A.; Baker, T.; Boyle, M.G.; Levy, M. Explicating an evidence-based,
theoretically informed, mobile technology-based system to improve outcomes for people in recovery for
alcohol dependence. Subst. Use Misuse 2011, 46, 96–111. [CrossRef] [PubMed]

128. Mason, M.J.; Campbell, L.; Way, T.; Keyser-Marcus, L.; Benotsch, E.G.; Mennis, J.; Zhang, J.; King, L.; May, J.;
Stembridge, D. Development and outcomes of a text messaging tobacco cessation intervention with urban
adolescents. Subst. Abuse 2015, 36, 500–506. [CrossRef] [PubMed]

129. Mason, M.J.; Mennis, J.; Zharakis, N.; Way, T. The dynamic role of urban neighborhood effects in
a text-messaging adolescent smoking intervention. Nicotine Tob. Res. 2016, 18, 1039–1045. [CrossRef]
[PubMed]

© 2016 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC-BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.pbb.2010.08.004
http://www.ncbi.nlm.nih.gov/pubmed/20723558
http://dx.doi.org/10.1016/j.neuropharm.2008.07.027
http://www.ncbi.nlm.nih.gov/pubmed/18708077
http://dx.doi.org/10.1001/archgenpsychiatry.2008.509
http://www.ncbi.nlm.nih.gov/pubmed/19124692
http://dx.doi.org/10.3109/10826084.2011.521413
http://www.ncbi.nlm.nih.gov/pubmed/21190410
http://dx.doi.org/10.1080/08897077.2014.987946
http://www.ncbi.nlm.nih.gov/pubmed/25551337
http://dx.doi.org/10.1093/ntr/ntv254
http://www.ncbi.nlm.nih.gov/pubmed/26547062
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/

	Introduction 
	Characteristics of Risky Substance Use Environments 
	Access to Substances 
	Neighborhood Concentrated Disadvantage and Disorder 
	Environmental Barriers to Substance Use Disorder Treatment 
	Moderating Factors among Environment, Race and Poverty, and Substance Use Outcomes 

	Research Questions for the Environmental Justice of Substance Use 
	Where and Why Does Inequity in Risky Substance Use Environments Occur? 
	How Should Environmental Justice Analyses of Risky Substance Use Environments Be Conducted? 
	What Are the Policy Implications for the Environmental Justice of Risky Substance Use Environments? 

	Conclusions 

