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Introduction

Over the past few. decades, cardiovascular disease epide-
miology has largely focused on identifying individual-level
characteristics associated with increased risk of cardio-
vascular disease. Using epidemiologic approaches such as
cross-sectional, case-control, and cohort studies, research-
ers have identified the now well-established cardiovascular
risk factors of smoking, physical inactivity, low-density
lipoprotein and high-density lipoprotein cholesterol, hyper-
tension, diabetes, and obesity. In parallel to this focus on

 individual-level behaviors and biologic characteristics as

predictors of disease, cardiovascular epidemiology has a
long tradition of focusing on the macro level—societal or
environmental factors that shape the distribution of car-
diovascular risk across individuals and populations [1]. In
recent years, due in part to the development of geographic
information systems and statistical techniques such as
multilevel analysis [2], interest has grown in understand-
ing how features of environments, particularly residential
environments or neighborhoods, affect the cardiovascular
risk of individuals [3]. If these environmental factors prove
to be important, strategies to prevent cardiovascular dis-
ease may need to focus not only on changing individual
behaviors or treating risk factors but also on modifying the
environments that facilitate the development and mainte-
nance of cardiovascular risk factors. In addition, because
of the strong residential segregation by race/ethnicity and
socioeconomic status, these environmental features may
be important contributors to large and persistent socioeco-

nomic and racial/ethnic differences in cardiovascular risk.

Neighborhood Socioeconomic Characteristics
and Cardiovascular Outcomes

Early work on neighborhoods and cardiovascular disease
focused on the associations between neighborhood socio-
economic characteristics and cardiovascular risk. Several
measures of the socioeconomic composition of neighbor-
hoods, often summarized into indices of disadvantage or .
deprivation, were used as proxies for the more specific
features of neighborhood physical and social environ-
ments that might be causally related to cardiovascular
disease. In secondary data analyses of cross-sectional or
longitudinal data, researchers linked national census data
to individual-level confounder and outcome data. Cen-
sus-defined areas such as block groups or census tracts
in the United States or analogous areas in other countries
were used as proxies of neighborhoods. In these studies,
great effort went into statistically controlling for personal
measures of socioeconomic position to estimate effects of
neighborhood characteristics over and above the known
effects of individual-level socioeconomic characteristics
such as personal income or education.
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Overall, these studies have demonstrated that living .
in disadvantaged or deprived neighborhoods is. associ-

ated with a greater coronary heart disease prevalence

[4,5], incidence [6-8,9¢], and mqrt"‘éli_yty [1’0;1_@] even ..T

after statistical controls for individual-level measures ot
income, education, and occupation. For example, in one
US study, hazard ratios for coronary events in the most
disadvantaged group of neighborhoods as compared with
the most advantaged group—adjusted for age, study site,
and personal socioeconomic indicators—were 1.7 among
whites (95% CI, 1.3-2.3) and 1.4 among blacks (95%
CI, 0.9-2.0) [6]. Although the impact of neighborhoods
on case fatality after myocardial infarction has been less
commonly investigated and existing work is limited by
the inability to fully control for individual-level measures
of socioeconomic position, evidence suggests that persons
with a myocardial infarction who live in disadvantaged
neighborhoods have poorer survival than those who live
in more advantaged neighborhoods [9¢,13,14]. For exam-
ple, in the Worcester Heart Attack Study, patients with
acute myocardial infarction living in the most deprived
fifth of census tracts had a 30% higher death rate after
infarction than those living in the wealthiest census tracts
(RR = 1.30; 95% CI, 1.08-1.56) [14]. Although less fre-
quently investigated than coronary heart disease, stroke
also has been shown to be patterned by neighborhood
socioeconomic characteristics: living in disadvantaged
areas has been associated with greater incidence of stroke
[15,16,17¢,18], with at least one study showing that these
associations persist after adjustment for individual-level
socioeconomic status [17¢].

Mechanisms Generating Differences Across
Neighborhoods in Cardiovascular Outcomes
Many mechanisms could contribute to the increased
cardiovascular disease prevalence, incidence, and mor-
tality in disadvantaged neighborhoods [3]. Identification
of the specific mechanisms through which neighbor-
hood environments may affect cardiovascular disease
outcomes will strengthen conclusions regarding causal
effects of neighborhood environments on the development
and prognosis of cardiovascular disease. Perhaps most
importantly, understanding the mechanisms will point to
specific interventions on neighborhood environments that
may help prevent cardiovascular disease or improve the
prognosis of patients with cardiovascular disease.
Although results have not always been consistent
across studies, a number of investigations have shown that
ingin.a disadvantaged neighborhood is associated with
ter- prevalence of established cardiovascular disease
including greater probability of smoking,
ssaphysically active lifestyles, more hyper-
ligbetes, and greater body mass index
; *,26s]" ‘e<is also evidence that differ-
OV K across-meighborhoods are not

stablighed cardiovascular risk fac-
7%, ‘that factors such as psychosocial
cteristics, which have been hypothesized to play a
in causing ¢ tdi vascular disease [27], or exposures
‘pollution;, which have been recently linked to
cardiovascular events [28], could also be involved.
Although .studies of neighborhood socioeconomic
characteristics and cardiovascular outcomes or risk fac-
tors have been important in highlighting the presence of
differences in cardiovascular risk across neighborhoods,
they are limited in their ability to allow firm causal infer-
ences to be made regarding the presence of neighborhood
effects. Their limitations stem largely from the use of
measures of socioeconomic composition as proxies for
the more specific physical and social features of neigh-
borhoods that may impact cardiovascular risk. The use
of these measures creates methodologic challenges related
to the ability of these studies to adequately control for
the known effects of individual-level measures of socio-
economic position, even when individual-level data are
available [29¢¢]. In addition, it does not allow identifi-
cation of the specific features of neighborhoods that are
relevant and that would hence need intervention to reduce
the cardiovascular risks of residents. For these reasons,
the focus of research has recently shifted from the study of
the cardiovascular effects of neighborhood socioeconomic
composition to an understanding of the specific features
of neighborhoods or residential areas that may be relevant
to cardiovascular disease. These features, which may
ultimately affect cardiovascular risk through their effects
on established risk factors or 6ther mechanisms, can be
broadly classified into characteristics of the physical envi-
ronment and characteristics of the social environment.

Physical Environment of the Neighborhood
Two features of the physical environment that have received
increasing attention as contributors to neighborhood differ-
ences in cardiovascular risk include neighborhood features
related to physical activity (the walking and recreational
environments; also called the built environment) and diet
(sometimes referred to as the local food environment).
The built environment comprises features of neighbor-
hoods that may affect the extent to which residents are
physically active in their daily lives and participate in recre-
ational physical activity. A large body of work increasingly
done by interdisciplinary teams including physicians, epi-
demiologists, and urban planners has begun to characterize
these features and investigate their relation to the physical
activity levels of residents. Features of built environments
hypothesized to be related to walking include the presence
of mixed land use (eg, commercial and residential uses),
the density and attractiveness of destinations, street con-
nectivity, and the presence of sidewalks. Features related to
recreational uses include the density and quality of parks
and recreational facilities [30%e]. A growing body of work
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has shown that residents of neighborhoods with a mixture
of uses, with more destinations and greater connectivity,
are more likely to walk and hence be physically active as
part of their routine daily activities [31,32]. The density of
recreational resources (an indicator of availability and at
least in part access to these resources) also has been shown
to be related to the physical activity of residents [33e].

The local food environment encompasses features
of neighborhoods such as the availability and rela-
tive cost of healthy foods, the presence of unhealthy
food options (such as fast foods), and food advertis-
ing [34ee]. Studies have shown that the availability
of healthy foods varies substantially across neighbor-
hoods, with healthy foods often being less available
in poor and minority neighborhoods than in wealthy
and white neighborhoods [35e]. Early work in this
area used the presence of supermarkets as a crude
measure of the availability of healthy foods because
supermarkets in the United States often offer a broader
variety of healthy foods. Surveys of stores using vali-
dated instruments also have shown that healthy food
availability varies across neighborhoods even within
similar types of stores [36]. The availability of healthy
food is associated with greater consumption of healthy
foods by residents [37] and with a lower prevalence
of diet-related cardiovascular risk factors, including
hypertension and obesity [38¢,39,40]. The availability
of fast foods varies substantially across neighborhoods
[41], and evidence suggests that consumption of fast
food is associated with adverse changes in body weight

and insulin resistance [42¢]. Research also has demon-

strated that advertising for tobacco and alcohol is more
common in poor and minority neighborhood than in
wealthy and white neighborhoods [43].

A third feature of physical environments investi-
gated in relation to cardiovascular disease is exposure to
air pollution, particularly particulate matter and other
traffic-related exposures. Studies have begun to investi-
gate small-scale variations in a variety of air pollution
exposures potentially linked to cardiovascular disease.
Although results are not conclusive, exposure to particu-
late matter and traffic-related emissions, which may vary
across relatively small-scale neighborhoods, may be linked
to cardiovascular outcomes [44¢).

Social Environment of the Neighborhood
Features of the social environment that have been hypoth-
esized to contribute to neighborhood differences in
cardiovascular outcomes include social norms, neighbor-
hood sources of stress, and features of the social connections
within neighborhoods such as social cohesion.

Social norms regarding cardiovascular-related behav-
iors may arise or be reinforced at least in part within
the context of neighborhoods. Neighborhood social
norms may affect the behavior of residents by providing

incentives or disincentives to adopt or maintain certain
behaviors. However, research remains rare on the impact
of neighborhood-based social norms and the extent to
which norms actually exert their effects in the context of
neighborhoods as opposed to other social contexts.

Features of neighborhoods may serve as acute or
chronicstressors and affect cardiovascular risk indirectly,
through their impact on coping behaviors such as diet,
or directly, through their effects on the hypothalamic-
pituitary-adrenal axis or the sympathetic nervous system.
There is scant information on what the most relevant
stress-generating features of neighborhoods might be or
on the way in which these features should be measured
in empiric investigations. The most common domains
investigated as potential neighborhood stressors in
relation to a variety of health outcomes include neigh-
borhood problems, neighborhood disorder, violence
and safety, and physical ambient characteristics [45].
Neighborhood problems are generally assessed by asking
residents to report on the extent to which they perceive
various issues as a problem in their neighborhood (eg,
violence, noise, traffic, litter, air quality, vandalism,
drug use, and presence and quality of resources and
services). “Neighborhood disorder” refers to conditions
and activities in the neighborhood that indicate a break-
down of social order. Scales to measure neighborhood
disorder typically assess neighborhood markers of social
incivility, disruption, and physical decay. Violence and
perceived safety are among the most common neighbor-
hood sources of stress investigated in empiric studies.
Violence and safety are measured using crime data or
questionnaires. Physical ambient characteristics such as
noise, crowding, housing characteristics, and proximity
to environmental toxins also have been hypothesized -
to be sources of stress that vary across neighborhoods.
These ambient characteristics are usually measured
using census data or by linking residence data to other
data sources such as noise measurements or proximity to
airports or environmental toxins.

Empiric documentations of the cardiovascular effects
of neighborhood stressors remain limited. Although the
role of neighborhood stressors if often hypothesized,
only a handful of studies has investigated the effects of
neighborhood stressors on cardiovascular outcomes. For
example, Sundquist et al. [46¢] assessed the relation-
ship between neighborhood violent crime and incidence
of coronary heart disease in Sweden. After adjustment
for individual-level socioeconomic stressors and demo-
graphic variables and neighborhood-level unemployment,
women and men in the highest two quintiles. of neigh-
borhood violent crime had significantly -higher odds of
coronary heart disease than thosein the Jowest quintile.
In another example, an index of neighborhood psycho-
social hazards was associated with greater obesity, even
after adjustment for a comprehensive list of individual-
level characteristics [47].
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The related constructs of social cohesion, social capi-
tal, and collective efficacy constitute a third dimension
of the social environment postulated to contribute to
neighborhood differences in cardiovascular risk. Social
cohesion and social capital are broadly defined as fea-
tures of social organization, including social trust, civic
participation, and norms of reciprocity that facilitate
cooperation for mutual benefit [48]. These constructs are
distinct from social support or social networks assessed
at the individual level because they characterize the com-
munity as a whole and are presumed to affect everyone
regardless of individual characteristics. Collective effi-
cacy is defined as the willingness of community members
to look out for each other and intervene when trouble

arises. Social cohesion, social capital, and collective effi-
cacy may affect cardiovascular risk by reinforcing social

norms related to health behaviors, by allowing residents
to effect improvements in the physical environments, and
by buffering adverse effects of neighborhood stressors.
Limited research has examined the relationship between
neighborhood social cohesion, social capital, or collec-
tive efficacy and cardiovascular outcomes. For example,
low electoral participation (as an indicator of low social
capital) was associated with higher coronary heart
disease incidence in Sweden after controlling for indi-

vidual-level characteristics [49]. Greater neighborhood

collective efficacy (as assessed by a standardized scale
combining social cohesion and informal social control)
was linked to lower body mass index even after control-
ling for neighborhood deprivation [50].

Tnvestigations of the effects of neighborhood social
environments on cardiovascular disease are especially chal-
lenging because of issues related to measuring the social
environment. Social environments are even more complex
than physical environments in this regard. Another key
challenge is isolating the effects of neighborhood social
environments from the effects of neighborhood physical
environments (such as access to healthy food or availabil-
ity of safe places to exercise).

Conclusions

Growing evidence suggests that residential environments
affect cardiovascular risk through their influence on estab-
lished risks factors such as health behaviors or through the
biologic consequences of exposure to sources of chronic
stress. An important consideration in interpreting exist-
ing research is that neighborhood constructs are grossly
‘misspecified because of the reliance on crude geographic
proxies for neighborhoods (usually administrative areas)
with dittle-attention to the spatial scale most relevant to
eing studied and limitations in the neighbor-
asizres. Hence, neighborhood effects are

Considerable uncertainty remains concerning what
constitutes the most relevant aspects of residential envi-
ronments. There is also little information on which
neighborhood-level interventions may be most promis-
ing in terms of improving cardiovascular risk. Current
research priorities focus on improving the measurement
of specific attributes of neighborhoods and examin-
ing their effects in longitudinal settings (ie, on incident
disease or on changes in cardiovascular risk over time).
Better measurement of these factors and the study of their
longitudinal effects may help identify the most promising
interventions to test in future studies. Given the logisti-
cal and methodologic challenges of randomized trials
in the study of neighborhood effects, researchers must
take advantage of natural or quasi-experiments to evalu-
ate how specific changes in neighborhood environments
affect cardiovascular risk.

A clear implication of neighborhood effects on car-
diovascular disease is that efforts to prevent the disease
and prolong the life of patients with cardiovascular dis-
ease may benefit from approaches that add environmental
interventions to existing individual-based strategies.
Interdisciplinary collaborations among physicians, epide-
miologists, urban planners, economists, and sociologists-
will be necessary to identify and implement the most’
effective neighborhood-level interventions.
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