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Abstract This paper reviews the magnitude and empirical
findings of social epidemiological neighborhood effects re-
search. An electronic keyword literature search identified
1369 empirical and methodological neighborhood effects pa-
pers published in 112 relevant journals between 1990 and
2014. Analyses of temporal trends were conducted by focus,
journal type (e.g., epidemiology, public health, or social sci-
ence), and specific epidemiologic journal. Select papers were
then critically reviewed. Results show an ever-increasing
number of papers published, notably since the year 2000, with
the majority published in public health journals. The variety of
health outcomes analyzed is extensive, ranging from infec-
tious disease to obesity to criminal behavior. Papers relying
on data from experimental designs are thought to yield the
most credible results, but such studies are few and findings
are inconsistent. Papers relying on data from observational
designs and multilevel models typically show small statistical-
ly significant effects, but most fail to appreciate fundamental
identification problems. Ultimately, of the 1170 empirically
focused neighborhood effects papers published in the last
24 years, only a handful have clearly advanced our under-
standing of the phenomena. The independent impact of neigh-
borhood contexts on health remains unclear. It is time to ex-
pand the social epidemiological imagination.
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Introduction

Scholarship addressing the effect of the biologic environment
on human health dates back 2500 years to Hippocratic medi-
cal corpus [1], but the idea of estimating the independent
impact of a community’s social characteristics on the health
of'its members appears to date back to Durkheim’s 1897 study
of suicide [2]. Since then, epidemiologists and other popula-
tion scientists have systematically investigated the
independent effect of social and environmental contexts on
human thinking, behavior, and health [3]. The motivating
question is: Above and beyond one’s background characteris-
tics, how do contexts change outcomes? This question, how-
ever phrased, may be the Holy Grail of social science research
for it speaks directly to the importance and impact of social
and environmental contexts, above and beyond genetic pre-
dispositions or perhaps even human motivations and values.
Consider the following questions: Does a selfish person be-
come altruistic when she resides in an altruistic community?
Do more socioeconomically equal neighborhoods prevent
heart disease?

Within epidemiology, the contextual effect question illumi-
nates the impact of the environment, both biological and so-
cial, on health outcomes, above and beyond the characteristics
of the host. From a methodological perspective, contexts may
be viewed as effect modifiers or yield biosocial interactions in
their own right. For social epidemiology in particular, re-
searchers have tended to focus more narrowly on the impact
of the socioeconomic characteristics of residential neighbor-
hoods on health.

It is not surprising that a vast amount has been written
about contextual effects; theoretical, methodological, and em-
pirical scholarship abounds. So as to better appreciate ad-
vances, gaps, and shortcomings, it is occasionally helpful to
take stock and assess what the collective effort has produced.
Although excellent empirical summaries for epidemiologists
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are available [4—17], none has been extensive, recent, and
focused on the question: What have we learned from the last
20 years of empirical neighborhood effects research, broadly?

The aims of this paper are twofold. We first aim to describe
the extent of contextual and neighborhood effects research.
Second, we aim to assess the progress of epidemiological
neighborhood effects research. Because methodological ad-
vances have been reviewed elsewhere [ 18], this paper focuses
on empirical research. Importantly, we aim to summarize the
literature in a general way, as if it were a map of a large state or
region, leaving particular details and sub-group nuances to
future investigations. The goal is to help epidemiologists gain
perspective on the state of the literature by synthesizing find-
ings and assessing accomplishments. We do not attempt to
conduct a statistical meta-analysis with attendant effect sizes
and p values; our effort is more of an evaluative synthesis.

This brief review is organized as follows. We first discuss
our methodology, including strengths and weaknesses. Next,
we offer a citation analysis of temporal trends. Third, we offer
a critical review and synthesis of the empirical neighborhood
effects literature, tailored for the practicing epidemiologist.
Finally, we offer concluding remarks.

Methods

Given the diversity of the topic and the nuanced interdisciplin-
ary approaches to it, it is impossible to simply and accurately
identify contextual and/or neighborhood effects papers. Even
if one were to read every potentially relevant paper, it would
not always be obvious whether to include it in a database for
analysis. What is more, with such a large number of papers
published in a large number of journals, methods for tracking
within-paper citations are unwieldy.

So as to gain purchase on the extent of contextual and
neighborhood effect research, we conducted an electronic lit-
erature search of the PubMed and Social Science Citation
Index databases. We searched fitle and abstract fields for the
following keywords: neighborhood, context, contextual, mul-
tilevel, and multi-level. Incredibly, this rough cut produced
over 400,000 citations in over 10,000 journals. We enhanced
our focus by restricting year of publication from 1990 to pres-
ent (October 2014) and excluding journals we did not think
relevant to this investigation (e.g., The Spine Journal, The
Journal of Chemical Physics). Further culling left 112 journals
we subjectively believed relevant to this research. We classi-
fied the 112 journals as being primarily focused on epidemi-
ology, public health, medicine, social science, or statistics. As
disciplines overlap (e.g., epidemiology is often viewed as a
subdiscipline of public health) and several interdisciplinary
journals defy classification (e.g., Social Science and Medi-
cine), we made subjective choices so as to prevent double
counting. Next, we identified four top epidemiologic journals,

where “top” implies importance for the empirical neighbor-
hood effects research reviewed here. This list, and all atten-
dant classifications, is available upon request. Finally, we
identified several papers we believe are especially salient to
this assessment, and summarized their findings below.

We concede the subjectivity of our data processing and
classification efforts, and acknowledge the fact that other in-
vestigators may have made different keyword and/or classifi-
cation decisions. However, reclassifications and informal sen-
sitivity analyses revealed little impact on the conclusions of-
fered here. Further, we concede error in our data. Although we
tried to identify all contextual and neighborhood effect papers
in the selected 112 relevant journals, we probably include
some that others would reject and missed some that others
would include. Accordingly, we believe it best to consider
our results as first-order approximations to the truth, as is the
case with any high-level map of terrain.

Citation Analysis

Figure 1 plots the trend of papers published in the selected set
of 112 relevant journals, by whether a given paper is focused
on contextual (general) or neighborhood (specific) effects.
Because of the inexactness of our coding, we plot (12 bin)
median splines instead of observed counts; this method
smooths the trend lines while retaining the key information.
General trends are thus more obvious and interpretable.
Since 1993, there have been 32,613 contextual effect pa-
pers published in relevant journals, of which 1369 (4.2 %)
addressed neighborhood effects in particular. Of the 1369,
we determined that 1170 (84.5 %) are empirically focused,
while the remainder are methodologically focused. Figure 1
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Fig. 1 Smoothed spline count of contextual and neighborhood effects
papers published in 112 select epidemiologic, public health, social
science, medical journals, and applied statistics journals, 1990-2013
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reveals a striking increase in contextual effect papers since the
year 1992. It is impossible to explain this trend with our data,
but we speculate that the 1992 publication of Bryk and
Raudenbush’s [19] classic text on multilevel statistical models
played a significant role, as did the release of SAS Proc Mixed
(multilevel model) software, and the increasingly easy access
to US Census data (which is typically used as a proxy for
neighborhood contexts).

Figure 2 plots the trend in 1369 neighborhood effect papers
published in 112 journals, by journal type. Since 1990, there
have been 878, 226, 168, and 82 papers published in public
health, epidemiology, medical, and social science journals,
respectively. The remaining 15 papers (not plotted) were pub-
lished in statistical journals. This figure reveals a striking in-
crease in neighborhood effect papers published since 2000,
especially in public health journals. While a slight increase
is evident, the frequency of such papers in well-recognized
social science journals is notably less than in the health
journals. The reason for the disciplinary discrepancies is not
clear, but we speculate that social scientists better appreciated
the complexity of the identification problems associated with
such analyses. In any case, it seems worth noting that increase
in the number of empirically focused papers occurs after
Oakes’s 2004 paper that questioned the validity and utility
of naive multilevel investigations.

Figure 3 presents trends of empirically focused neighbor-
hood effect papers published in four epidemiology journals:
American Journal of Epidemiology (AJE), Journal of Epide-
miology and Community Health (JECH), Annals of Epidemi-
ology (Annal Epi), and Epidemiology (Epid). Overall, there
were 171 empirically focused papers published in these four
journals. Another seven papers were published in the Interna-
tional Journal of Epidemiology (»=5) and Journal of Clinical
Epidemiology (n=2), respectively; given the low frequency,
these papers were not displayed in Fig. 3. Along with
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Fig. 2 Smoothed spline count of neighborhood effects papers published
in 112 select epidemiologic, public health, social science, medical
journals, and applied statistics journals, 1990-2013

@ Springer

Number of Papers

T T T T T
1990 1995 2000 2005 2010 2013

Year

= == == Annal Epi == == Epid

Fig. 3 Smoothed spline count of empirically focused neighborhood
effects papers published in four select epidemiology journals, 1990-2013

empirical papers, there were 33 methodological papers, a dis-
proportionate (n=7) number appearing in Epidemiology. The
rise in empirically focused neighborhood effect papers began
in 2003 and has only tapered off slightly in the last 2 years.
The reason for the rise is not clear.

Review and Synthesis
Observational Studies

The vast majority of empirically focused neighborhood effect
papers are based on observational (i.e., non-experimental) da-
ta and rely on multilevel (i.e., mixed effect regression) models
to separate the effects of neighborhood contexts from the
background characteristics of residents—contexts from com-
position. Seminal work was by social scientists and includes a
1985 paper by Hogan and Kitagawa [20], who revealed that,
after controlling for person-level socioeconomic factors, teen-
agers in disadvantaged neighborhoods had higher fertility
rates than those in more advantaged neighborhoods. Next
came a 1993 paper by Brooks-Gunn et al. [21], who argued
that, after adjusting for individual socioeconomic status, chil-
dren in affluent neighborhoods had better developmental out-
comes compared to children in disadvantaged areas. Contri-
butions from social epidemiology begin in 1997 with two
papers: Diez-Roux et al. [22] suggested that living in deprived
neighborhoods was independently associated with increased
prevalence of heart disease, and O’Campo et al. [23] sug-
gested that neighborhood income was independently related
to the risk of low birthweight. Not long after came a flood of
studies addressing a wide variety of outcome variables such as
violence, blood pressure, alcohol use, preterm birth, tubercu-
losis, cancer, drug overdose, physical activity, happiness,
functional limitations, fast-food consumption, initiation of
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sex, and mental health issues, to name a few [24-40]. By and
large, these papers report small, statistically significant asso-
ciations between neighborhood contexts and outcome vari-
ables. In papers that use multiple measures of neighborhood
environment and/or multiple outcome variables, authors typi-
cally report mixed effects. Yet, incredibly, all of these papers
concluded neighborhood contexts independently impacted
outcomes. Unfortunately, few of these papers considered the
challenges of multilevel causal inference and the implicit as-
sumptions of the multilevel model [41]. It is for this reason
that we do not summarize such papers here.

In the last few years, an increasing number of empirically
oriented papers relying on observational data have used what
one might call causal methods to better identify neighborhood
effects. Following a seminal 2003 paper by the sociologist
Harding [42], several social epidemiology papers have used
propensity score methods to estimate neighborhood effects.
Novak et al. [43] examined retail tobacco outlet density on
youth cigarette smoking and found a small, barely discernable
effect. Schootman et al. [44] studied the impact of neighbor-
hood environments on depression among African Americans
and found no appreciable effect. Johnson et al. [45] examined
the effect of neighborhood poverty on American Indian infant
mortality and discovered little overlap in exposure probabili-
ties, leaving the effect unidentifiable. Hearst et al. [46] exam-
ined the effect of neighborhood black—white segregation on
black infant mortality and found no statistically discernable
effect. In a related approach, Oakes et al. [47] evaluated the
impact of street connectivity on walkability and found no
appreciable effect. Conversely, Ahern et al. [48] found that a
neighborhood’s culture of alcohol use did impact an individ-
ual’s propensity to drink.

More recently, several authors have aimed to estimate
neighborhood effects by exploiting longitudinal data.
Glymour et al. [49] used a marginal structural model (MSM)
to estimate the effect of neighborhood poverty on self-
assessed health and disability, and found mixed effects. Cerda
et al. [50] used a MSM to examine the relationship between
neighborhood poverty and alcohol use and found that a one-
unit increase in the proportion of residents living in poverty
was associated with an 86 % increase in the odds of binge
drinking. Do et al. [51] used a MSM and examined the effect
of neighborhood poverty on mortality and found nonlinear
effects. Nandi et al. [52] used a similar approach to examine
the effect of neighborhood poverty on the probability of injec-
tion cessation and estimated a 44 % increase in the odds of
injecting for a 20 % increase in neighborhood poverty. Finally,
Jokela [53¢] published a novel paper exploiting rich repeated
measures data on persons/households who move from one
neighborhood to another, and used fixed-effect models to dis-
entangle self-selection from neighborhood effects. He found
little impact of neighborhoods on measured outcomes, though
some unresolved methodologic issues remain [54, 55].

It is not surprising that results from causal methods are
more mixed than those from naive multilevel models.
Methods that pay more attention to core identification require-
ments, such as exchangeability and positivity, would seem
less prone to estimate off-support effects and suffer residual
confounding, as is often the case when multilevel models are
used. Broad differences between the findings from propensity
score and inverse probability weight (IPW) methods (e.g.,
marginal structural models) merit further investigation. We
wonder if IPW procedure’s inherent upweighting of observa-
tions that would be excluded in a propensity score analysis
explains the divergent results.

Experiments

Experiments are advantageous because they entail both ran-
dom assignment and exogenous interventions, minimizing as-
sumptions for effect identification [56]. There are two types of
neighborhood effect experiments [1]: those that move people
to new neighborhoods and [2] those that change the neighbor-
hoods in which people reside. Although costly and difficult to
implement, there are a handful of neighborhood effect
experiments.

The first type of neighborhood effect experiment is exem-
plified by the Moving To Opportunity (MTO) study [57]. In
simplest terms, MTO was conducted in five large US cities
and randomly assigned eligible low-income families in high-
poverty neighborhoods to lower-poverty neighborhoods. The
study has generated some controversy [58—60] but must be
viewed a major contribution to the neighborhood effects liter-
ature. Although designed to assess economic outcomes, some
health impacts were assessed. First, Leventhal and Brooks-
Gunn [61] examined the relatively short-term (3 year
postrandomization) effect of moving on the mental health of
adult and child subjects in New York City and found positive
effects for adults and boys but no effect for girls. Yet, more
recently, Kessler et al. [62¢] examined the long-term (10—
15 years postrandomization) effects of moving on the mental
health of adolescents and found harmful effects for boys and
positive effects for girls, approximately the opposite of the
earlier study. This changed and cross-directional gendered ef-
fect has generated considerable interest and some investiga-
tion [63—66, 67+, 68, 69]. Apart from mental health, Ludwig
et al. [70] examined the long-term effect of mobility on adult
obesity and diabetes and found small effects. Overall, the ev-
idence from experimental housing relocation programs on
health shows, generously, small and mixed, if not confusing,
effects.

The second type of experimental study is best construed as
a neighborhood randomized trial where some study neighbor-
hoods receive a (health focused) treatment and others do not.
Such studies have had a rocky past due to early methodolog-
ical misunderstandings and muted effects [71], but today
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methodological questions are largely solved [72-77]. A few
reviews of impacts are available (e.g., [78]), but a handful of
studies merit attention here. First, Luepker et al. [79] aimed to
reduce the delay time between the onset of symptoms of a
heart attack to arrival at a proper hospital by intervening on
community understanding and social norms. No appreciable
impact was observed. Wagenaar et al. [80] organized commu-
nities to reduce their own underage alcohol problems with a
highly innovative study that exemplifies the social organizing
principal of social epidemiology. Yet, measurable impacts
were somewhat mixed and modest. Finally, building on the
promising work of Perry et al. [81] to prevent alcohol abuse in
more rural areas, Komro et al. [82] reported that their tailored
replication efforts in urban, low-income, and multiethnic set-
tings were not successful. Overall, despite methodological
advances and the great advantage of the design to assess
neighborhood effects [41], the effect of neighborhood inter-
ventions on health remain modest, if not nonreplicable, at
best.

Natural Experiments

The final type of study considered here is the natural experi-
ment, which exploits exogenous interventions and arbitrary
(random-like) assignment to conditions. Few social epidemi-
ological natural experiment neighborhood effect studies exist,
though it appears that their frequency is increasing. Three are
worth mentioning here. Cohen et al. [83] exploited changes
associated with the 1992 Los Angeles riots to examine the
effect neighborhood alcohol outlet density on neighborhood
gonorrhea rates. They found that a one-unit decrease in the
number of alcohol outlets per mile of roadway was associated
with 21 fewer gonorrhea cases per 100,000. Cerda et al. [84¢]
exploited change in transportation structures in Medellin, Co-
lumbia, to assess the impact of neighborhood infrastructure
investment on violence. They found that investment decreased
violence at the neighborhood level. Vortuba and King [85]
used data from the Gautreaux housing relocation program to
assess the effect of neighborhood socioeconomic characteris-
tics on the mortality of young low-income black men and
found that all-cause and homicide mortality rates were lower
among those who moved to more educated neighborhoods.
Overall, it appears that published natural experiments of
neighborhood effects show that changes to neighborhood con-
ditions impact select health outcomes.

Conclusion
As currently conceived, social epidemiological neighborhood

effects research aims to identify and estimate the independent
impact of changing neighborhood contexts on health

@ Springer

outcomes. Such research is important because it illuminates
avenues for enhancing community and population health
without directly intervening on individuals, the presumption
being that health may be more efficiently and effectively im-
proved by changing biosocial structures. Yet, the scientific
evidence for such effects is elusive. Definitive results require
researchers to either move randomly selected persons from
one neighborhood context to another (a MTO-like design) or
exogenously alter randomly selected neighborhoods in which
people reside (a GRT-like design), and compare outcomes.
These designs are not only daunting and expensive, but with-
out extensive evidence of demonstrable impact. Consequent-
ly, it seems that the vast amount of neighborhood effects re-
search relies on observational data. Yet, as frequently ex-
plained, methodological challenges such as endogeneity, de-
pendency, exchangeability, and structural confounding make
it very difficult to identify the desired parameters with obser-
vational data; the multilevel statistical model is no panacea.

This paper has shown that neighborhood effects research,
and especially the broader contextual effects research, remains
ascendant. A previous report [18] suggested that the torrent of
multilevel studies purporting to reveal independent effects of
neighborhoods on health outcomes appeared to be subsiding,
but this study suggests that this may not be the case, at least
with respect to public health journals. The temporal trends
matter because it is not clear how much we are learning, or
whether such lessons are improving population health. As
discussed above, experimental evidence of neighborhood ef-
fects is mixed, and observational studies too often report mere
correlations, side-stepping critical effect identification issues.
Since epidemiologists have long known that disadvantaged
environments are not healthy, the utility of studies that do
not face the difficult methodological challenges is
questionable.

There is more. Like all research, neighborhood effects re-
search consumes scarce resources, including investigator
time, data collection costs, overhead fees (e.g., electricity),
and the like. There are also the opportunity costs of not devot-
ing attention to other important questions. To be sure, such
consumption is not necessarily a bad thing. After all, extensive
resources have been devoted to the development and testing of
important, and sometimes failed, vaccines, surgical tech-
niques, basic science, educational innovations, and so forth.
However, an occasional accounting is often helpful. To this
end, we queried NIH’s RePORTER database for funded grants
with key words neighborhood and multilevel in the abstract
field. We identified 147 grants (66 of which were R0O1s)
funded since 1993. The total sum of these grants is $141
million and the per-year expenditures tracks with Fig. 2 above.
Yet, given the limited search terms, this seems like a
substantial underestimate of resources devoted to neighbor-
hood effects research. If nothing else, such an amount does not
include the expensive NIH supported community-randomized
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trials or research supported by other (non-NIH) government
agencies or philanthropies, such as the Robert Wood Johnson
Foundation, which has supported health-related neighborhood
effects research. Nevertheless, it is clear that a large amount of
our collective resources have been devoted to neighborhood
effects research. While paltry compared to resources devoted
to genetics or proteomics, the benefit of which is also ques-
tionable, the amount devoted to neighborhood effects appears
to represent a significant proportion of the resources devoted
to social epidemiology.

Given the findings of this report, it is fair to ask whether
social epidemiologists should devote any more time and re-
sources to estimating neighborhood effects. Perhaps ironical-
ly, our answer is a resounding yes: Social epidemiologists
should stay focused on the estimating impact of biosocial
contexts (e.g., neighborhoods) on health. The basic idea that
biosocial contexts affect health is patently obvious. It is the
idea of an independent, separate, neighborhood effect that
seems foolish. The error lies in efforts to disentangle people
from places. Paraphrasing Macintyre and Ellaway [86], the
fact is that neighborhoods make people, and people make
neighborhoods. It is not composition or context, but compo-
sition and contexts. Efforts to disentangle mutually constitu-
tive, inextricably linked, synergistic, and coevolving elements
are doomed to fail.

Simply put, there is more work to do on how contexts,
especially neighborhoods, impact health. Social epidemiolo-
gists interested in the effects of neighborhoods on health may
benefit from the models and metaphors of ecology. Macintyre
and Ellaway [87] are McLaren and Hawe [88] are good places
to start learning about such ideas. But more importantly, if we
accept the consequentialist summons [89], then we must en-
deavor to do things to improve health by changing neighbor-
hood contexts if not compositions (e.g., desegregation). Sub-
stantial resources should be devoted to multilevel
neighborhood/community interventions that address poverty,
child abuse, racism, and so forth. Such interventions must be
rigorously evaluated and findings dispassionately reported.

Moreover, we recommend that more attention be paid to
the short- and long-term consequences of neighborhood ef-
fects research. Beyond focusing on theoretically supported
interventions and paying more attention to methodological
challenges in observational designs, innovations such as
cloud-based (contextual) data warehouses, data sharing agree-
ments, and the collective support for replication studies are
needed. In a related point, we urge epidemiologists to explore
the existing social science literature on neighborhood effects.
There is a long-standing debate within and between the social
sciences about the meaning of contextual effects, as well as an
abundant empirical literature estimating the impact of differ-
ent contexts, neighborhoods included, on a variety of (non-
health) outcomes. Such scholarship would surely enhance the
social epidemiological imagination.
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