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Colloque : Epldemmlogle sociale et inégalités de santé

Nelghborhoods and health where are we and were do we go from here‘7
| Environnement résidentiel et santé :
etat de la question et perspectives pour le futur

A.-V. Diez Roux

D(’palrmenr of prdenuologu Center for Social Epidemiology and Pupulanun Health, Umversl(y of Michigan, 1 7]4 South Umve;.s:ly,
-2nd Floor, Ann Arbor, MI 48104, US4

’ In recent years there has been an cxplosion of interest in neighborhood health effects. Most existing work has relied on secondary data

; analyses and has used admmxslratlve arcas and aggregate census data to charactenze ncxc'hborhoods Important questlons Temain rcgardmg

cusses areas for future deve!opment mcludmg. (1) definition and measurement of area or ecologxe attributes; (2) consideration of spatial seale, (3)

“cumulative exposures and lagged effects; (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 metliodological 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.

© 2007 Elsevier Masson SAS. All rights reserved.

Résumé

On assiste depuis quelques années a un intérét de plus en plus marqué pour les effets de I'environnement résidentiel sur la santé. La plupart

.. des travaux existants reposent sur des analyses secondes et ont recours a des données administratives et & des données agrégées de recensements

concernant des zones résidentielles pour caractériser les environnements. Ils soulévent des questions importanies concernant, nolamment la cau-

. salité des relations observées. L’article passe en revue les principales limites de ces études et propose des pistes pour la recherche relatives a : 1)
- la définition et la mesure des caractéristiques écologiques des zones résidenticlles ; 2) la prise en compte de 1’échelle spatiale ; 3) le cumul

d’expositions ‘et leurs effcts & long terme;.4) la complémentarit¢ des approches obscrvationnelle, expérimentale et quasi expérimentale.
Comme toujours quand il s’agit d’unc question de recherche complexe, progresser dans la connaissance des effets de I’environnement résidentiel
sur la santé et de leur importance suppose la mise en ceuvre d’approches multidisciplinaires et le recours 4 des méthodes différentes ayant
chacune leurs forces et leurs faiblesses. Le partenaniat entre disciplines, mais aussi enfre chercheurs du champ de la sauté, acteurs des. collectivités
locales, de 'urbanisme, du logement et plus généralement des politiques publiques est crucial.

. © 2007 Elsevier Masson SAS. Al rights reserved.

Keywords: Neighborhood environment;_Heahh; Measurement; Causality; Ecological attributes; Spatial scale

3 Mut.s clés : Environnement resxdelmel Santé ; Mesure ; Causahte Caracteuanues écologiques ; Fchelle spatiale

" E-mail address: adiezrou@umich.edu (A-V. biez Roux).
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tant - 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 socio-
-"- economic 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. Identifying 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 compo-

" sition per se, but rather the causal effect of the social and phy-
«~ : sical neighborhood attributes which neighborhood SEP is

.- proxying. The counterfactual contrast can therefore be clearly

- articulated, although theé treatment or “exposure” is measured
with error and its effective components cannot be identified.
These social and physical features of neighborhood are exter-
o nél‘-~tp the individual and are also modifiable and therefore per-

» + fectly 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 i§ sometimes implied [22]."Even though neighbor-

-hood 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 vari-
ety of clearly exogenous characteristics. Of course they may be
“poor proxies; hence the need to move beyond this initial

i .of interest.
+ . A second limitation of using ne:ghborhood socioeconomic

*+ indicators as proxies for relevant neighborhood afiributes per- -

ins to difficulties in estimating associations of neighborhood
“socioeconomic context with health outcomes independently of
.person-level SEP. Person-level SEP is often perceived as a key
“confounder of any neighborhood health effects because of the
own relationship between SEP and health, and ‘because of

-of today’s societies. It has been argued for example that the

;. 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. -
i. whole purpose of adjustment is to compare groups with-differ- - -

i»>approach to direct measurement of the neighborhood constructs -

~the strong residential segregation by SEP that exists in most.

mited overlap in personal SEP between wealthy and poor. .

ent 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, showmg the data and making
assumptions explicit is key.

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 fea-

tures 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:

o What is it about areas that matter or what are the specific
area characteristics relevant to health?

e How -does it ‘matter or what are the specific processes
through which these characteristics affect health?

® What are the spatial scales at which these processes operate
.and are different scales relevant for d1fferent health out-
comes?

& Can we change aréa chanactensncs and show an effect on
health?

Fundamental to answering these'questions is the develop-

 ment of ‘conceptual models of the specific processes through

which neighborhoods or areas may affect a given health out-

-come. 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 cau-

. sal 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, cons1derauon of spatial scale, cumulative
exposures and lagged effects, ~and complementary study
designs. Each of these is discussed in detail below.

3. Definmg and measuring area attr-lbutes

Conceptualizing and measuring the area or neighborhood-
level factors hypothesized to- be relevant to a particular health
outcome continues to be a major challenge. Begmmng 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
Fig. 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 con-

-structs.and documenting their. validity and réliability continues

to be an important need in the field. Two basic approaches
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-when the outcome is directly measured by the investigator as

opposed to reported by the participant. But even in the case of
directly measured outcomes a limitation of the use of partici-
pant reports is that each measure is based on the report of a
single participant, and individual reports of neighborhood con-

- ditions 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 indivi-
- dual’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 owns sc.lf-
report of neighborhood characteristics is to combine the
responses of several residents of the same neighborhood [28].

" Theoretically, by averaging over measurement error in indivi- -
" dual responses, this aggregation process may yield a more
* valid measure of the “objective” neighborhood construct of
i interest. This approach can be implemented by aggregating

the responses, of participants in a health study in order to char-

. acterize a given neighborhood represented in the study, or by

conducting a separate survey co-located with health study par-
ticipants in order to derive measures for areas which ‘can then

be linked to health study pammpants based on their place of '

residence. The rationale for conductmg a separate survey. is

© twofold: (‘I) the focus of the survey is assessment of area or
... neighborhood characteristics and hence a more detailed assess-

“ ment 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 col-

““lection approach targeted at the health study participants them-
. selves. This would allow simultaneous investigation of the self-

reported, individuai-level perceived measure and the aggregate
(potentially maore “objective”) neighbothood-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 m sociol- -
'* ogy has been termed systematic social observation [29]. It has
:the advantage that raters can be trained and assessments con-
“ducted in a systematic and quality controlled manner. A disad-
. vantage.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 geo-
" graphic areas. The advantages of systematic social observation
© over survey and census measures in characterizing specific” -
*. neighborhood conditions relevant to health are only begmnmg E
© 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 tesponses of survey participants or the obser-

vations of raters. This field has been referred to as ‘ecometrics -
[28,32]. Traditionally psychometrics has evaluated the mea-
surement properties of scales administered to individuals (for
example the extent to which an individual’s responses to dif-
ferent items of a scale are consistent with each other). Eco-
metrics 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 arcas (and. if
the scale used appropriately captures this variation), respon-

~dents_or raters within a given area should be more likely to

agree in their assessment than respondents or raters from dif-
ferent areas. Thus a key indicator of the measuremient proper-
ties of the area-leve] measure is the within-neighborhood 1CC
tor the scale of interest, which quantifies the extent to which

‘respondents or rates agree in their assessment of a ‘given neigh-

borhood. 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 measure itself especially when the number of obser-

~ vations differs substantiaily by neighborhoods and some neigh-

borhoods have few observations. Tn the case of neighborhoods

‘with small numbers of observations; measures based simply on

aggregating the observed data may have important measure-
ment error. The use of shrinkage estimates such as empirical
Bayes estimates (which address this problem) as well as the
potential use of other area-level covariates to improve the esti-
mate for'a given area (as in conditional empirical Bayes esti-
mates) is beginning to be evaluated in health research [28,33).

Area-level measures constructed using surveys or raters are
usually estimated for pre-defined (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 esti-
mate smooth surfaces of the distribution of these attributes over
space [34]. This modeling takes advantage of the spatial pattern-
ing 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 imptove survey-

derived estimates of the availability of healthy foods. These sur-

" faces can be used to obtain estimates for unobserved locations
* and also to obtain summary measures for areas-of varying size
‘(c.g. for a given:radius around each participant’s home), which

can then be exammed in relatlon to health outcomes.

-4, Spatlal scale

Early work on areas or neighborhoods and health used ad-
ministrative areas as proxies for neighborhoods or, more gen-
crally; for the areas potentially relevant to health. Data avail-

ability and feasibility ‘issues largely drove the use of these -
" area definitions: it ‘was relatively 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 -
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. damental critique of these types of analybes has been that

persons exposed and unexposed to the neighborhood charac-
teristic of interest differ. in other factors related to the health

outcome, which will confound any associations of neighbor- -

-hood 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 ap-
3 proach to this problem in epidemiology is to estimate associa-

tions 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 per-

sons living in different types of neighborhoods, and hence

. that associations estimated usmg this approach are necessarily

always biased [22].

The extent to which: persons living in “exposed” and “un-
exposed” neighborhoods are comparable in individual-level
chiaracteristics, 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 over-
lap in the distributions necessary for the adjusted estimate to
be “valid” ultimately depends on the assumptions one is will-
ing to make. Even when distributions do not exactly overlap,

- the potential for bias (because of limited overlap and conse-
. quent off-support inference) does not imply that bias is al-
" ways 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 dis-

.. tributions are a problem may also differ substantially depend-
" ing on. the sample and- on the specific neighborhood charac-
- teristic - being examined. For
: 'vdist:ributions' 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 adjust-
~‘ment in studies of neighborhood effects with most studies to
- date confirming the results obtained using regression adjust-
" ment [43-45]. An advantage of propensity score matching is
- that it allows estimates to be derived from subgroups of the
esults .-

‘example, non-overlapping

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 mis-
- "measured. or unmeasured confounders. Another challenge in

estimating neighborhood effects pertains to identifying which

variables .are lrue uonfounders (and hem,e should be '\d_;usted
for) and which are mediators (and hence should not). Some
variables could conceivably be both confounders and media-

tors. Although statistical methods to deal with these situations -

have been developed [46], their data requirements have pre-
cluded their -application -in neighborhood health effeulb re-
search to date.

The limitations neceseanly inherent'in tradmonal observa-
tional -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 (¢) does not
share common causes with the outcome. Unfortunately find-
ing instrumental variables of use in neighborhood health ef-
fects 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 ap-
proach 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”,; ap-

_proach is to conduct randomized trials. Randomized trial ap-

proaches to the study of neighborhood health effects are-vir-
tually 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 interven-
tion. Randomized trials of neighborhood interventions have
two important challenges: (a) the -need to randomize large
numbers of distinct and spatially unrelated “neighborhoods”
(in order to minimize spatial spillover effects) which may be
infeasible in many settings; and (a) the need to have a clear
understanding of what the treatment or intervention should be.

Current state of knowledge regarding the specific features

. of neighborhoods that are relevant suggests that more work is

needed to identity 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 neigh-
borhoods likely to participate) could also raise issues related
to the generalizability of results obtained in.a perfectly con-
trolled but necessarily selected setting to the larger population
of neighborhoods. Thus reliance on observatlonal and quasi-
experimental evidence is likely to continue.

7. Conclusion .

Clearly, documenting causal effects of neighborhood con-
texts on health would have important policy implications. Dif-
ferences across areas or neighborhoods are not “natural™ but
rather result from specific policies (or from the absence of
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