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In recent years there has been an explosion of interest in neighborhood health effects. Most existing
work has relied on secondary data analyses and has used administrative areas and aggregate census
data to characterize neighborhoods. Important questions remain regarding whether the associations
reported by these studies reflect causal processes. This paper reviews the major limitations of existing
work and discusses areas for future development including (1) definition and measurement of area
or ecologic attributes (2) consideration of spatial scale (3) cumulative exposures and lagged effects
and (4) the complementary nature of observational, quasi-experimental, and experimental evidence.
As is usually the case with complex research questions, consensus regarding the presence and
magnitude of neighborhood health effects will emerge from the work of multiple disciplines, often
with diverse methodological approaches, each with its strengths and its limitations. Partnership across
disciplines, as well as among health researchers, communities, urban planners, and policy experts
will be key.
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The recent interest in neighborhood health effects within epidemiology and public health is
closely linked to several interrelated trends within these fields. The first of these is a growing
sense that purely individual-based explanations of the causes of ill-health are insufficient and
fail to capture important disease determinants. This has been reflected in multiple discussions
of the need to consider not only individual characteristics but also characteristics of the groups
or contexts to which individuals belong in understanding the distribution of health and disease
[1-4]. Neighborhoods (or residential areas more broadly) have emerged as a potentially
relevant group or context because they clearly possess both physical and social attributes which
could plausibly affect the health of individuals. A second trend contributing to interest in
neighborhood health effects has been the revitalized interest in understanding the causes of
social inequalities in health. Because place of residence is strongly patterned by social position,
neighborhood characteristics could be important contributors to health inequalities by
socioeconomic indicators or race/ethnicity. A third factor has been a perception that
epidemiology needs to be more closely linked to policy broadly understood. A correlate of this
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is that health researchers need to consider the health effects of policies which are not
traditionally thought of as health policies but that could have important health implications.
Many of these non-health policies (such as housing policy or urban planning policy) could
affect health through their impact on the contexts in which individuals live and work.
Neighborhoods are clearly an important context for these policies and thus the study of
neighborhood health effects becomes directly policy-relevant and could have broad impact on
arange of policies far beyond the traditional purview of health policy. A fourth factor has been
the increasing availability and popularity of methods especially suited to the study of
neighborhood health effects, first multilevel analysis [5-7] and more recently the explosion of
Geographic Information Systems (GIS) and spatial analysis techniques which allow the
examination of space in a much more detailed and sophisticated manner than has been possible
in the past [8].

Investigation of the effects of neighborhood characteristics on the health of residents is not
new. Over thirty years ago Harburg et al. examined whether living in a neighborhood
characterized as “high stress areas” affected blood pressure after controlling for the potentially
confounding effects of individual characteristics [9]. Results indicated that living in a “high
stress area” was associated with higher systolic and diastolic blood pressure independently of
individual-level characteristics. Areas were defined based on available census-defined
geographic units (census tracts) and were classified as high or low stress based on combinations
of aggregate variables derived from a national census. Subsequent work on area or
neighborhood health effects, including the large number of contextual or multilevel studies
published over the last decade and reviewed in detail elsewhere [10] have followed an approach
very similar to that used by Harburg et al. thirty years ago, although employing more
sophisticated analytical techniques such as multilevel analysis to account for the clustering of
persons within areas or neighborhoods and, sometimes, to decompose the variance in the
outcome being studied into between and within neighborhood components. Multiple different
health outcomes have been investigated using these approaches including chronic disease
morbidity and mortality, mental health, infant health and birth outcomes [10]. One of the
domains most frequently investigated in relation to neighborhoods has been cardiovascular
disease and its risk factors[11-16]. For this reason, much of this paper will use cardiovascular
disease as an example, although the issues to be discussed are relevant to all health outcomes.

LIMITATIONS OF USING CENSUS AGGREGATE MEASURES AS PROXIES
FOR RELEVANT AREA-LEVEL VARIABLES

To date the vast majority of contextual and multilevel studies of neighborhood health effects
on cardiovascular disease and its risk factors have been secondary analyses of data collected
with other purposes [10,17-19]. As a result, the only available neighborhood-level data were
aggregate census characteristics for pre-defined census areas, such as census-tracts or block-
groups in the US or wards in the UK. Census-derived measures, such as area poverty or
deprivation indices combining various census socioeconomic measures, were used as proxies
for the variety of physical and social features of areas hypothesized to be relevant to health. A
consistent picture has emerged from these contextual and multilevel studies now replicated
across multiple populations and with multiple different datasets. A key finding has been the
repeated observation of an association between neighborhood deprivation or neighborhood
disadvantage and increased cardiovascular risk, as assessed by morbidity, mortality or risk
factor prevalences [10,18]. These associations persist after statistical control for person-level
indicators of socioeconomic position using multiple regression techniques. A second finding
has been that when multilevel analysis has been used to estimate the percent of total variance
in the outcome that is between neighborhoods (the intraclass correlation coefficient (ICC) for
neighborhoods) this percent has generally been found to be low, usually well under 10%.
Although this fact is sometimes used as an indication that neighborhood effects must therefore
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not be important, drawing conclusions on the presence or magnitude of neighborhood causal
effects based on the ICC has important limitations discussed in detail elsewhere [20,21].
Misspecification of neighborhoods (a large problem in neighborhood health effects) is likely
to result in important underestimation of neighborhood ICCs. In addition, even low intraclass
correlation coefficients may coexist with important fixed effects of contextual variables. Public
health is full of examples of risk factors that explain very little inter-individual variance but
are considered important predictors of health outcomes. Thus, as Duncan et al. have noted
[20], low ICCs are compatible with important and policy-relevant effects of neighborhood
characteristics on health. Contextual and multilevel analyses of neighborhood effects using
census data to characterize neighborhoods have important methodological limitations as
repeatedly noted by researchers working in the field [18,19]. The chief limitation is that these
measures are imperfect and obviously very crude proxies for the physical and social features
of neighborhoods hypothesized to affect health. This generates two problems. First, their use
necessarily results in misestimates of the overall causal effects of neighborhoods on health
simply because of the measurement error inherent in using neighborhood socioeconomic
characteristics as a proxy for the direct measure of the relevant construct. A second problem
is that their use does not allow identification of the specific neighborhood features that are
relevant, or of the processes by which neighborhoods affect health. ldentifying these features
and these processes is key to developing health promoting interventions targeted at
neighborhood conditions. Nevertheless it is important to emphasize that the causal effect of
interest even in studies that use aggregate neighborhood socioeconomic characteristics is not
the literal effect of neighborhood socioeconomic composition per se, but rather the causal effect
of the social and physical neighborhood attributes which neighborhood socioeconomic position
(SEP) is proxying. The counterfactual contrast can therefore be clearly articulated, although
the treatment or “exposure” is measured with error and its effective components cannot be
identified. These social and physical features of neighborhood are external to the individual
and are also modifiable and therefore perfectly valid as potential causal factors. The “treatment”
being investigated is changing these social and physical attributes, and not moving rich people
into poor neighborhoods or vice versa, as is sometimes implied [22]. Even though
neighborhood SEP may appear endogenous to individual SEP (because it is constructed by
aggregating personal SEP) the dependence of the aggregate measures on a single individual is
trivial; moreover the aggregate SEP measures is used to proxy a variety of clearly exogenous
characteristics. Of course they may be poor proxies; hence the need to move beyond this initial
approach to direct measurement of the neighborhood constructs of interest.

A second limitation of using neighborhood socioeconomic indicators as proxies for relevant
neighborhood attributes pertains to difficulties in estimating associations of neighborhood
socioeconomic context with health outcomes independently of person-level socioeconomic
position. Person-level socioeconomic position is often perceived as a key confounder of any
neighborhood health effects because of the known relationship between socioeconomic
position and health, and because of the strong residential segregation by socioeconomic
position that exists in most of today’s societies. It has been argued for example, that the limited
overlap in personal SEP between wealthy and poor neighborhoods makes personal SEP
adjusted estimates of neighborhood effects questionable because they are based on
extrapolations well beyond the range observed in the data [22]. The extent to which this is true
is an empirical question that can be examined in each specific dataset. Careful analyses of
neighborhood effects have investigated the overlap in the distributions before making any
adjustments as one would with any adjustment variable [21]. The amount of overlap that is
sufficient is ultimately a matter of judgement. The whole purpose of adjustment is to compare
groups with different distributions, how different these distributions have to be for the adjusted
results to be questionable is a matter of debate. Of course, as in any analysis, showing the data
and making assumptions explicit is key.
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Because of the limitations noted above, considerable debate still exists on whether the
associations observed reflect causal processes, and if they do, what the specific relevant aspects
of neighborhoods -aspects that we could potentially intervene on to improve health - might be.
Identifying these specific features is crucial not only for strengthening evidence regarding the
presence of causal neighborhood effects but also because it would indicate aspects that could
be intervened on to improve health. A large body of recent work has begun to focus on
investigating area or neighborhood effects in much more detail. The fundamental questions
that these studies are trying to address are: (a) What is it about areas that matters or what are
the specific area characteristics relevant to health? (b) How does it matter or what are the
specific processes through which these characteristics affect health? (c) What are the spatial
scales at which these processes operate and are different scales relevant for different health
outcomes? and finally, (d) Can we change area characteristics and show an effect on health?
Fundamental to answering these questions is the development of conceptual models of the
specific processes through which neighborhoods or areas may affect a given health outcome.
These models are crucial to developing operational hypotheses which can be tested with
empirical data. Much greater specificity in the hypotheses and empirical tests carried out to
date is necessary to strengthen inferences regarding causal effects of neighborhoods on health.
The development of these conceptual models as well as the empirical testing of hypotheses
derived from them will require addressing a set of key issues that include definition and
measurement of area or ecologic attributes, consideration of spatial scale, cumulative exposures
and lagged effects, and complementary study designs. Each of these is discussed in detail
below.

DEFINING AND MEASURING AREA ATTRIBUTES

Conceptualizing and measuring the area or neighborhood-level factors hypothesized to be
relevant to a particular health outcome continues to be a major challenge. Beginning with an
explicit conceptual model of what the most relevant factors might be, as well as clearly
hypothesized pathways through which they may affect health outcomes is key. An example of
such a model for cardiovascular disease is shown in Figure 1. In contrast to the sophistication
of the measurement of individual characteristics in epidemiology, the measurement of the
attributes of areas or neighborhoods remains in its infancy. Thus developing measures of
neighborhood or area-level constructs and documenting their validity and reliability continues
to be an important need in the field. Two basic approaches have been used to characterize
neighborhoods or areas to date: Geographic Information Systems (GIS), and reports of
neighborhood conditions by onsite human observers (be they the participants in a health study
themselves, a separate sample specifically surveyed to assess neighborhood conditions, or a
trained set of raters).

The recent development of GIS has led to an enormous growth in the capability to construct
spatially referenced measures. In the health field GIS has been used in conjunction with a
variety of geo-referenced databases to construct measures of the density and accessibility of
resources, as well as measures of features of the built environment related to urban form, road
networks, land use and density [23]. The bulk of this work has focused on studying the area-
level determinants of physical activity and to a lesser extent, diet. The geographic accessibility
of resources has long been studied in the health field, with a specific focus on the accessibility
of health care services [24]. Recent work has applied variants of the spatial accessibility
measures previously used including sophisticated versions of density measures such as kernel
densities (which allow smoothing of densities over space) [25] as well as variants of the
gravimetric model (which measures accessibility based on a function of distance from a point
location to all resources within a geographically bounded area) to quantify the accessibility of
physical activity resources [26]. Sophisticated versions of these measures also incorporate
weights based on the size, quality, and desirability of a given resource [26]. Another major
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application of GIS has been its use to characterize features of the built environment
hypothesized to be related to physical activity. Examples of the types of measures constructed
include measures of mixed (commercial and residential) land use, street connectivity, and
housing density [23]. In general the technical capability to construct these GIS measures has
far outrun theorizing on which measures may be the most relevant to health behaviors and
health outcomes. A multiplicity of different measures for different sizes of areas can be
constructed but existing theory on the ways in which these attributes might affect the behavior
of individuals provides little guidance on which measures are likely to be the most relevant.
For this reason a large part of this work remains more exploratory than hypothesis driven.

A second approach increasingly used to measure attributes of neighborhoods or areas is the
use of human observers who report on conditions in an area or neighborhood. This approach
is used for logistic or feasibility reasons or when the construct of interest is simply not amenable
to the GIS approach (for example social cohesion). In the simplest version of this approach,
participants in a health study are administered a questionnaire in which they report on various
conditions in their neighborhoods using a set of scales. These measures of neighborhood
conditions are then examined in relation to health outcomes measured in the same study
participants in a purely individual-level analysis.(e.g. [27]) A limitation of this approach is the
possibility of same-source bias, that is, the possibility that the use of self-reported data for both
the outcome and the neighborhood characteristic generates a spurious association between the
two because the measurement error in both reports is correlated or because the outcome affects
the perception or report of the neighborhood attribute. For example persons who are more
physically active may be more likely than those who are less active to report resources in their
neighborhood, irrespective of the actual condition on the neighborhood. Persons who are
depressed may be more likely to report less connection and cohesion between neighbors than
those who are not. The same-source bias problem is obviously not present when the health
outcome is directly measured by the investigator as opposed to self-reported. But even in the
case of directly measured outcomes a limitation of the use of participant reports is that each
measure is based on the report of a single participant, and individual reports of neighborhood
conditions may have substantial error. This error may arise from simple lack of knowledge of
the resident on certain conditions in the neighborhood and from the necessarily subjective
nature of perceptions. Of course, if it is hypothesized that an individual’s perception of
neighborhood conditions is the construct relevant to health (as opposed to the objective
condition) then participant self-reports are the measure of choice, although the interpretation
of results may be rendered complex by the same-source bias issue alluded to above.

An alternative to the use of each participant’s own self-report of neighborhood characteristics
is to combine the responses of several residents of the same neighborhood [28]. Theoretically,
by averaging over measurement error in individual responses, this aggregation process may
yield amore valid measure of the “objective” neighborhood construct of interest. This approach
can be implemented by aggregating the responses of participants in a health study in order to
characterize a given neighborhood represented in the study, or by conducting a separate survey
co-located with health study participants in order to derive measures for areas which can then
be linked to health study participants based on their place of residence. The rationale for
conducting a separate survey is two-fold: (1) the focus of the survey is assessment of area or
neighborhood characteristics and hence a more detailed assessment can be included than is
possible in the health study itself (where neighborhoods are only one of several domains being
assessed) (2) the separate survey allows for denser sampling in space which is likely to improve
estimation of the area-level construct of interest.

In some cases it may be advantageous to combine the separate survey approach with a similar
data collection approach targeted at the health study participants themselves. This would allow
simultaneous investigation of the self-reported, individual-level perceived measure and the

Rev Epidemiol Sante Publique. Author manuscript; available in PMC 2007 July 3.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

DIEZ-ROUX

Page 6

aggregate (potentially more “objective”) neighborhood-level measure. An alternative to
conducting a separate survey is to employ trained raters to evaluate neighborhoods in
systematic fashion on pre-specified dimensions. This approach, originally used in sociology
has been termed systematic social observation [29]. It has the advantage that raters can be
trained and assessments conducted in a systematic and quality controlled manner. A
disadvantage is that some constructs (e.g. social cohesion) may not be measurable using this
approach because their assessment necessitates the knowledge and perceptions of residents.
The logistics and cost of systematic social observation also make it a difficult approach to
implement across very broad geographic areas. The advantages of systematic social
observation over survey and census measures in characterizing specific neighborhood
conditions relevant to health are only beginning to be systematically evaluated [30,31].

A growing body of work has begun to focus on assessing the measurement properties of area
measures constructed by aggregating the responses of survey participants or the observations
of raters. This field has been referred to as ecometrics [28,32]. Traditionally psychometrics has
evaluated the measurement properties of scales administered to individuals (for example the
extent to which an individual’s reponses to different items of a scale are consistent with each
other). Ecometrics moves beyond the individual-level to an assessment of the measurement
properties at the area-level. If the construct of interest differs in a systematic fashion across
areas (and if the scale used appropriately captures this variation), respondents or raters within
a given area should be more likely to agree in their assessment than respondents or raters from
different areas. Thus a key indicator of the measurement properties of the area-level measure
is the within-neighborhood intraclass correlation coefficient for the scale of interest, which
quantifies the extent to which respondents or rates agree in their assessment of a given
neighborhood. The assessment of the measurement properties of neighborhood-level measures
can be assessed using three-level multilevel models (sale items nested within person nested
within neighborhoods). Another issue is the construction of the aggregate measures itself
especially when the number of observations differs substantially by neighborhoods and some
neighborhoods have few observations. In the case of neighborhoods with small numbers of
observations, measures based simply on aggregating the observed data may have important
measurement error. The use of shrinkage estimates such as empirical Bayes estimates (which
address this problem) as well as the potential use other area level covariates to improve the
estimate for a given area (as in conditional empirical bayes estimates) is beginning to be
evaluated in health research [28,33].

Area-level measures constructed using surveys or raters are usually estimated for predefined
(and often somewhat arbitrary) geographic areas such as census tracts. However, it may be
unreasonable to think that these attributes change dramatically across these arbitrary
geographic borders. More novel approaches have begun to use geostatistical methods and point
data (e.g. from surveys or rater observations) to model and estimate smooth surfaces of the
distribution of these attributes over space [34]. This modeling takes advantage of the spatial
patterning in the data and may also make use of co-located covariate information to improve
predictions. For example, data on the location of supermarkets can be used to improve survey-
derived estimates of the availability of healthy foods. These surfaces can be used to obtain
estimates for unobserved locations and also to obtain summary measures for areas of varying
size (e.g. for a given radius around each participant’s home) which can then be examined in
relation to health outcomes.

SPATIAL SCALE

Early work on areas or neighborhoods and health used administrative areas as proxies for
neighborhoods or, more generally, for the areas potentially relevant to health. The use of these
area definitions was largely driven by data availability and feasibility issues: it was relatively

Rev Epidemiol Sante Publique. Author manuscript; available in PMC 2007 July 3.



1duosnuey Joyiny vd-HIN 1duosnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

DIEZ-ROUX

Page 7

easy to link health study participants to routinely available data (such as census data) that could
be used to characterize their place of residence. These administrative areas are obviously poor
proxies for what participants may think of as their “neighborhood”; nevertheless their use is
not totally unjustified. Census tracts in the US, for example, were originally developed to be
relatively homogeneous in socioeconomic characteristics and may capture differences in social
and physical area attributes relevant to health. Even if the geographic definition of tracts does
not coincide with what residents may think of as their “neighborhood” it is plausible that in
many cases the characteristics of these census areas would be highly correlated with those of
the “neighborhood”, if it could be precisely defined.

A more fundamental problem is that there is still relatively little theory on the spatial scale
likely to be relevant to a specific health outcome. It is very plausible that areas of different size
(some of which may not be thought of as “neighborhoods” at all) could be relevant for different
processes and different health outcomes. In fact, the area that a person thinks of as his or her
“neighborhood” may not even be the relevant area for the outcome being studied. A priori
theorizing on the links between spatial scale, mediating processes, and health outcomes is
therefore key. Measuring the relevant attributes of these areas (many of which may not coincide
with administrative areas at all) is a major challenge but is likely to be facilitated by the growing
availability of spatial and GIS methods and software. In the absence of strong theory on the
spatial scale relevant to a particular health-related process, exploratory analyses will continue
to be important. At minimum, whenever possible, work should test the sensitivity of results to
different spatial scales.

The vast majority of existing work has assumed that only the local area or immediate area
around a person’s residence is relevant to health, ignoring the possible impact of features or
resources of more distant areas. However it is unlikely that only features of the local area are
relevant to a person’s health. For example, poor areas spatially isolated from resource rich
wealthy areas may be substantially worse for health than poor areas near resource rich areas.
Failure to investigate these spatial effects could result in substantial under estimation of the
real effects of area effects on health. A growing body of work has begun to investigate these
spatial effects much more broadly through the incorporation of distance measures and through
spatial methods that allow the simultaneous investigation of the effects of both distal and
proximal areas [35-38].

CUMULATE EFFECTS AND LAGS

As in any emerging field, early work on neighborhoods and health was mostly cross-sectional,
relating neighborhood characteristics to the presence of risk factors or diseases at a given point
in time. Subsequent work has also used cohort studies to examine the relationship between
exposure to specific neighborhood characteristics at baseline and mortality or incident disease
over a follow-up period [12,14,39,40].

These studies have provided useful information, but to date relatively little attention has been
paid to the time frame necessary for neighborhood conditions to affect health. For some health-
related processes, exposures, including neighborhood exposures, may need to accumulate over
time to affect health, or they may only manifest themselves on health outcomes after a lag
period. Just as the relevant spatial scale may differ depending on the health outcome and the
process through which neighborhood conditions are hypothesized to affect health, the relevant
time frame may differ for different health outcomes. For example, effects of neighborhood
conditions on cardiovascular disease may require exposure to adverse neighborhood conditions
over long periods, even over the lifecourse. In contrast, the effects of features of the built
environment on physical activity may occur much more rapidly because of the ability of
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behavior to change rapidly in response to exposures. Studies have only recently begun to
examine the role of lifecourse processes in neighborhood health effects [41].

Investigating the presence of cumulative and lagged health effects of neighborhoods is no easy
task. It implies tracking changes in neighborhoods over long periods as well as characterizing
the many different neighborhoods that persons may live in over a given period. Measuring
specific attributes of neighborhoods is complex enough at a given point in time; tracking
changes in neighborhood conditions is likely to be even more challenging from the point of
view of data availability. For this reason, initial studies of the cumulative and lagged effects
of neighborhood conditions may need to rely on secondary data and proxies. Ultimately it may
not be possible to characterize the specific features of the neighborhoods a given person has
lived in over his or her lifecourse in a rigorous fashion. As in any scientific endeavor, it is
important to evaluate when a simplification imposed by the realities of data collection is likely
to lead to a wrong answer and when it may result in an (approximately) right answer. For
example, even studies that relate neighborhood conditions at one point in time (for example
baseline of a cohort study) to subsequent incidence of disease are likely to yield an
(approximately) correct estimate of neighborhood health effects if the baseline measure is
highly correlated with the exposures during the much longer previous period relevant to the
development of the outcome. Thus, if persons tend to live in generally similar neighborhoods
over the period of interest (as some data suggests may be true) then a single measure may
appropriately capture the relevant exposure. Even much-maligned cross-sectional studies may
give the (approximately) right answer for outcomes likely to change rapidly in response to
exposures close in time (e.g. behaviors). It is however important for researchers to (a) develop
a priori theory (and hypotheses) regarding the time frames relevant for different health
outcomes, (b) attempt to measure exposure over the relevant time frame whenever possible;
and (c) evaluate the extent to which measurement limitations affect the interpretation of the
results obtained.

STUDY DESIGN

The vast majority of work on neighborhood health effects has been observational. As in all
observational work, the fundamental critique of these types of analyses has been that persons
exposed and unexposed to the neighborhood characteristic of interest differ in other factors
related to the health outcome, which will confound any associations of neighborhood
characteristics with health outcomes. This issue (which is traditional confounding in
epidemiologic terms) has also been referred to as “the selection problem” (because persons are
selected or select themselves into neighborhoods based on individual characteristics related to
the outcome) and non-exchangeability of exposed and unexposed. This non-exchangeability
implies that the observational comparison does a poor job of approximating the counterfactual
contrast necessary for drawing causal inferences. The traditional approach to this problem in
epidemiology is to estimate associations after adjusting for individual-level confounders using
stratification or regression approaches such as multilevel models. Critics have argued that this
approach often relies on extrapolations beyond the range observed in the data due to limited
overlap in individual-level characteristics for persons living in different types of
neighborhoods, and hence that associations estimated using this approach are necessarily
always biased [22].

The extent to which persons living in “exposed” and “unexposed” neighborhoods are
comparable in individual-level characteristics, as well as the extent to which distributions
overlap, can be (and should be) empirically examined in the data before any adjustment is
performed. The amount of overlap in the distributions necessary for the adjusted estimate to
be “valid” ultimately depends on the assumptions one is willing to make. Even when
distributions do not exactly overlap, the potential for bias (because of limited overlap and
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consequent off-support inference) does not imply that bias is always present. Reporting the
actual distributions, and therefore making the assumptions explicit, is important and likely to
be more productive and informative than blanket critiques of all analyses because of the “non-
exchangeability” problem. The extent to which non-exchangeability and non-overlapping
distributions are a problem may also differ substantially depending on the sample and on the
specific neighborhood characteristic being examined. For example, non overlapping
distributions in individual-level socioeconomic indicators may be a problem when extreme
categories of neighborhoods categorized based on aggregate SEP measures are compared. But
it may be less of a problem when specific neighborhood features are examined. Propensity
score approaches[42] have increasingly been used as an alternative to regression adjustment
in studies of neighborhood effects with most studies to date confirming the results obtained
using regression adjustment [43-45]. An advantage of propensity score matching is that it
allows estimates to be derived from subgroups of the sample which are directly comparable.
A limitation is that propensity score matching estimates the association of interest using a
selected subgroup, hence it may not be generalizable to the full sample of interest [45]. In
addition, propensity score approaches obviously do not solve the problem of mismeasured or
unmeasured confounders. Another challenge in estimating neighborhood effects pertains to
identifying which variables are true confounders (and hence should be adjusted for) and which
are mediators (and hence should not). Some variables could conceivably be both confounders
and mediators. Although statistical methods to deal with these situations have been developed
[46], their data requirements have precluded their application in neighborhood health effects
research to date.

The limitations necessarily inherent in traditional observational studies have highlighted the
need for alternative and complementary approaches. One potentially useful approach is the use
of instrumental variables [47]. In the context of neighborhood effects research a useful
instrument would be a variable that is (a) causally related to the neighborhood characteristic
of interest; (b) affects the health outcome only through the neighborhood characteristic; and
(c) does not share common causes with the outcome. Unfortunately finding instrumental
variables of use in neighborhood health effects research is a major challenge, and results may
be highly sensitive to violations of often unverifiable assumptions [48]. A related approach is
to capitalize on naturally occurring changes in neighborhoods and quasi-experiments
[whenever available) in order to evaluate their health effects. This approach will often require
researchers to work closely with policy makers, urban planners, and communities in order to
conduct health assessments in a manner which will allow estimation of these effects. A third,
and to some “ideal”, approach is to conduct randomized trials. Randomized trial approaches
to the study of neighborhood health effects are virtually non-existent. The one often cited
example (Moving to Opportunity in the United States) [49,50] randomized poor individuals to
moving or not moving to non-poor areas, and hence did not directly examine a neighborhood
—level intervention. Randomized trials for the study of neighborhood health effects have two
important challenges: (a) the need to randomize large numbers of distinct and unrelated
“neighborhoods” (which may be infeasible in many settings) ; and (b) the need to have a clear
understanding of what the “intervention” should be. Current state of knowledge regarding the
specific features of neighborhoods that are relevant suggests that more work is needed to
identify the interventions or treatments which it would be most useful to test in a randomized
trial if it were possible. The difficulties in conducting a randomized trial of neighborhoods (and
the necessarily selected sample of neighborhoods likely to participate) could also raise issues
related to the generalizability of results obtained in a perfectly controlled but necessarily
selected setting to the larger population of neighborhoods. Thus reliance on observational and
quasi-experimental evidence is likely to continue.
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CONCLUSION

Clearly, documenting causal effects of neighborhood contexts on health would have important
policy implications. Differences across areas or neighborhoods are not “natural” but rather
result from specific policies (or from the absence of policies). Neighborhood contexts are
eminently changeable and responsive to economic and social policy broadly defined. In fact,
as virtually everyone has observed, neighborhoods change constantly in response to external
factors as well as to the collective actions of residents. Harnessing and influencing these
changes so that they are beneficial to the health of residents could have enormous public health
impact. Ultimately the evidence needed to support policies targeted at neighborhoods to
improve health will come from multiple sources including large scale quantitative
observational studies, qualitative studies of the ways in which persons relate to and are affected
by neighborhoods, the evaluation of natural experiments or quasi experiments, and (when
feasible) experimental studies. As is usually the case with complex research questions,
conclusive evidence will not necessarily flow from increasing methodological sophistication
within a single type of study, important as this methodological sophistication may be. Rather,
consensus will emerge from the work of multiple disciplines, often with diverse
methodological approaches, each with its strengths and its limitations. Partnership across
disciplines, and also between health researchers, communities, urban planners, and policy
experts interested in neighborhoods (often for reasons unrelated to health), will be key.

Acknowledgements

This work was supported in part by R24 HD047861, the Michigan Interdisciplinary Center on Social Inequality, Mind
& Body and by the Robert Wood Johnson Health and Society Scholars program.

References

1. Schwartz S, Susser E, Susser M. A future for epidemiology? Annu Rev Public Health 1999;20:15-33.
[PubMed: 10352847]
2. Diez-Roux AV. Bringing context back into epidemiology: variables and fallacies in multilevel analysis.
Am J Public Health 1998;88:216-22. [PubMed: 9491010]
3. Blakely TA, Woodward AJ. Ecological effects in multi-level studies. J Epidemiol Community Health
2000;54:367-74. [PubMed: 10814658]
4. Diez Roux AV. The study of group-level factors in epidemiology: rethinking variables, study designs,
and analytical approaches. Epidemiol Rev 2004;26:104-11. [PubMed: 15234951]
5. Diez Roux AV. Multilevel analysis in public health research. Annu Rev Public Health 2000;21:171—
92. [PubMed: 10884951]
6. Subramanian, SV.; Jones, K.; Duncan, C. Multilevel methods for public health research. In: Kawachi,
I.; Berkman, L., editors. Neighborhoods and health. Oxford: New York; 2003. p. 65-111.
7. Bingenheimer JB, Raudenbush SW. Statistical and substantive inferences in public health: issues in
the application of multilevel models. Annu Rev Public Health 2004;25:53-77. [PubMed: 15015912]
8. Rushton G. Public health, gis, and spatial analytic tools. Annu Rev Public Health 2003;24:43-56.
[PubMed: 12471269]
9. Harburg E, Erfurt J, Chape C. Socioecological stressor areas and black white blood pressure: Detroit.
J Chronic Dis 1973;26:585-611. [PubMed: 4759582]
10. Pickett KE, Pearl M. Multilevel analyses of neighbourhood socioeconomic context and health
outcomes: a critical review. J Epidemiol Community Health 2001;55:111-22. [PubMed: 11154250]
11. Diez Roux AV, Nieto FJ, Muntaner C, Tyroler HA, Comstock GW, Shahar E, et al. Neighborhood
environments and coronary heart disease: a multilevel analysis. Am J Epidemiol 1997;146:48-63.
[PubMed: 9215223]
12. Diez Roux AV, Merkin SS, Arnett D, Chambless L, Massing M, Nieto L, et al. Neighborhood of
residence and incidence of coronary heart disease. N Engl J Med 2001;345 :99-106. [PubMed:
11450679]

Rev Epidemiol Sante Publique. Author manuscript; available in PMC 2007 July 3.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

DIEZ-ROUX

13.

Page 11

Sundquist J, Malmstrom M, Johansson SE. Cardiovascular risk factors and the neighbourhood
environment: a multilevel analysis. Int J Epidemiol 1999;28:841-5. [PubMed: 10597980]

14. Sundquist K, Winkleby M, Ahlén H, Johansson SE, et al. Neighborhood socioeconomic environment

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

and incidence of coronary heart disease: a follow-up study of 25,319 women and men in Sweden.
Am J Epidemiol 2004;159:655-62. [PubMed: 15033643]

Cubbin C, Winkleby MA. Protective and harmful effects of neighborhood-level deprivation on
individual-level health knowledge, behavior changes, and risk of coronary heart disease . Am J
Epidemiol 2005;162:559-68. [PubMed: 16093286]

Petersen KL, Bleil ME, McCaffery J, Mackey RH, Sutton-Tyrrell K, Muldoon M, et al. Community
socioeconomic status is associated with carotid artery atherosclerosis in untreated, hypertensive men.
Am J Hypertens 2006;19:560-6. [PubMed: 16733226]

Diez Roux AV. Residential environments and cardiovascular risk. J Urban Health 2003;80:569-89.
[PubMed: 14709706]

Diez Roux AV. Investigating neighborhood and area effects on health. Am J Public Health
2001;91:1783-9. [PubMed: 11684601]

Macintyre S, Ellaway A, Cummins S. Place effects on health: how can we conceptualise,
operationalise and measure them? Soc Sci Med 2002;55:125-39. [PubMed: 12137182]
Duncan G, Raudenbush SW. Assessing the effects of context in studies of child and youth
development. Educational Psychologist 1999;34:29-41.

Diez Roux AV. Estimating neighborhood health effects: the challenges of causal inference in a
complex world. Soc Sci Med 2004;58:1953-60. [PubMed: 15020010]

Oakes JM. The (mis)estimation of neighborhood effects: causal inference for a practicable social
epidemiology. Soc Sci Med 2003;58:1929-52. [PubMed: 15020009]

Handy SL, Boarnet MG, Ewing, Killingsworth RE. How the built environment affects physical
activity: views from urban planning. Am J Prev Med 2002;23(2 Suppl):64-73. [PubMed: 12133739]
Guagliardo MF. Spatial accessibility of primary care: concepts, methods and challenges. Int J Health
Geogr 2004;3:3. [PubMed: 14987337]

Diez Roux A, et al. Density of recreational resources and physical activity in a sample of adults. Am
J Public Health. in press

Giles-Corti B, Donovan RJ. The relative influence of individual, social and physical environment
determinants of physical activity . Soc Sci Med 2002;54:1793-812. [PubMed: 12113436]
Brownson RC, Baker EA, Housemann RA, Brennan LK, Bacak SJ, et al. Environmental and policy
determinants of physical activity in the United States. Am J Public Health 2001;91:1995-2003.
[PubMed: 11726382]

Mujahid M, et al. Assessing the measurement properties of neighborhood scales: frpm psychometrics
to ecometrics. Am J Epidemiol. in press

Sampson RJ, Raudenbush SW. Systematic social observation of public spaces: a new look at disorder
in urban neighborhoods. Am J Sociol 1999;105:603-651.

Laraia BA, Messer LC, Kaufman JS, Dole N, Caughy M, O’Campo P, et al. Direct observation of
neighborhood attributes in an urban area of the US south: characterizing the social context of
pregnancy. Int J Health Geogr 2006;5:11. [PubMed: 16545132]

Caughy MO, O’Campo PJ, Patterson J. A brief observational measure for urban neighborhoods.
Health Place 2001;7:225-36. [PubMed: 11439257]

Raudenbush SW, Sampson RJ. Ecometrics: Toward a Science of Assessing Ecological Settings, With
Application to the Systematic Social Observation of Neighborhoods . Sociological Methodology
1999;29:1-41.

Mujahid M, et al. Neighborhood walkability and healthy foods are related to hypertension in a
multiethnic sample [Abstract]. Am J Epidemiol 2006;163:5253.

34. Auchincloss, AH. Neighborhood features and insulin resistance. University of Michigan Dissertation;

35.

2006.

Morenoff JD. Neighborhood mechanisms and the spatial dynamics of birth weight. Am J Sociol
2003;108:976-1017. [PubMed: 14560732]

Rev Epidemiol Sante Publique. Author manuscript; available in PMC 2007 July 3.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

DIEZ-ROUX

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Page 12

Chaix B, Merlo J, Subramanian SV, Lynch J, Chauvin P. Comparison of a spatial perspective with
the multilevel analytical approach in neighborhood studies: the case of mental and behavioral
disorders due to psychoactive substance use in Malmo, Sweden, 2001. Am J Epidemiol
2005;162:171-82. [PubMed: 15972939]

Chaix B, Merlo J, Chauvin P. Comparison of a spatial approach with the multilevel approach for
investigating place effects on health: the example of healthcare utilisation in France. J Epidemiol
Community Health 2005;59:517-26. [PubMed: 15911650]

Auchincloss AH, et al. Insulin resistance is positively associated with distance to wealthy areas: the
Multi-Ethnic Study of Atherosclerosis. Am J Epidemiol. in press

Borrell LN, Roux AVD, Rose K, Catellier D, Clark BL. Neighbourhood characteristics and mortality
in the Atherosclerosis Risk in Communities Study. Int J Epidemiol 2004;33:398-407. [PubMed:
15082648]

Balfour JL, Kaplan GA. Neighborhood environment and loss of physical function in older adults:
evidence from the Alameda County Study. Am J Epidemiol 2002;155:507-15. [PubMed: 11882524]

Curtis S, Southall H, Congdon P, Dodgeon B. Area effects on health variation over the life-course:
analysis of the longitudinal study sample in England using new data on area of residence in childhood.
Soc Sci Med 2004;58:57-74. [PubMed: 14572921]

Rubin DB. Estimating causal effects from large data sets using propensity scores. Ann Intern Med
1997;127:757-63. [PubMed: 9382394]

Diez Roux AV, Borrell LN, Haan M, Jackson SA, Schultz R. Neighbourhood environments and
mortality in an elderly cohort: results from the cardiovascular health study. J Epidemiol Community
Health 2004;58:917-23. [PubMed: 15483307]

Schootman M, Andresen EM, Wolinsky FD, Malmstrom TK, Miller JP, Miller DK. Neighborhood
conditions and risk of incident lower-body functional limitations among middle-aged African
Americans. Am J Epidemiol 2006;163:450-8. [PubMed: 16421245]

Harding D. Counterfactual models of neighborhood effects: the effect of neighborhood poverty on
high school dropout and tennage pregnancy. Am J Sociol 2003;109:676-719.

Robins JM, Hernan MA, Brumback B. Marginal structural models and causal inference in
epidemiology. Epidemiology 2000;11:550-60. [PubMed: 10955408]

Greenland S. An introduction to instrumental variables for epidemiologists. Int J Epidemiol
2000;29:722-9. [PubMed: 10922351]

Hernan MA, Robins JM. Instruments for causal inference: an epidemiologist’s dream? Epidemiology
2006;17:360-72. [PubMed: 16755261]

Katz L, Kling J, Liebman J. Moving to Opportunity in Boston: early results of a randomized mobility
experiment. Q J Econ 2001;116:607-54.

Leventhal T, Brooks-Gunn J. Moving to opportunity: an experimental study of neighborhood effects
on mental health. Am J Public Health 2003;93:1576-82. [PubMed: 12948983]

Rev Epidemiol Sante Publique. Author manuscript; available in PMC 2007 July 3.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Page 13

Physical environment

L g :
Accessibility of recreational resources —— | Sport and leisure time

physical activity
Transportation, sidewalks, bike lanes
Design of public spaces

Land use, density, street connectivity, —— Walklng
and urban form

Aesthetic quality Stress and Proxumate biological factors
psychosocial factors > Blood pressure
Body mass index Clinical
Availability and relative cost of “healthy” foods » Diet > Diabetes .
Blood lipids — c?rdlovascular
Food and tobacco advertising Smoking—" Stress response dhrsase
Availability of tobacco Others
Noise . Sleep disturbance
and stress
Inflammation
Air pollution Endothelial function
v " Heart rate variability
Arrythmia

Social environment

Safety and violence

/ Stress and psychosocial
Social support and cohesion factors

Social norms »  Behaviors (diet, physical activity, smoking)

Figure 1.
Schematic representation of possible pathways linking residential environments to
cardiovascular risk (previously published in [17]).
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