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More than 6 million mortgages were involved
in foreclosure between 2007 and 2010,1 and
more than 1.8 million US homes (1.5% of all
housing units) were subject to a foreclosure
filing in 2011 alone.2 Researchers have
expressed concerns about the impact of the
housing crisis on the public’s health,3---5 identi-
fying housing distress and many of its sequelae
as health risk factors.6---10 However, robust
empirical evidence regarding the association
between foreclosure and health remains sparse
(Table A, available as a supplement to this
article at http://www.ajph.org).11---18 Current
studies, though useful, are limited by cross-
sectional data,11,12,18 ecologic study designs,16

retrospective reporting,15,17 and self-reported
measures.11---15,18 Although it is crucial that
living close to foreclosed properties (i.e., homes
that have been repossessed by lenders for
nonpayment of mortgages) could affect the
health of individuals not personally experienc-
ing foreclosure, only 2 existing papers con-
ceptualize foreclosure as a community-level
health risk factor.11,16

Because they are typically vacant, bank-
owned foreclosures can be unsightly or dan-
gerous if poorly maintained or unsecured.
They also compete with nearby properties for
sale. Both these disamenity and supply-side
impacts are thought to lower nearby home
values,19---22 potentially provoking fears of
reduced home equity among neighbors. Fore-
closures have also been shown to encourage
crime,23 to disrupt neighborhood social net-
works and strain social support systems,4 and
to degrade the quality of the built environment
as a form of blight.

Many of these economic, social, and physical
impacts are, in turn, documented health risk
factors, and in some studies, associated with
higher BMI.24---29 With the Framingham Off-
spring Cohort data between years 1987 and
2008, and linking these to geocoded data on
foreclosed properties, we tested the hypothesis

that living near foreclosures is a risk factor for
higher objectively measured body mass index
(BMI; defined as weight in kilograms divided
by the square of height in meters) and odds
of being overweight.

METHODS

The Framingham Offspring Cohort study
was initiated in 1971 with 5124 participants. It
comprises children of the Framingham Study’s
Original Cohort and the spouses of these
children.30 Participants have completed
8 waves of surveys and medical examinations,
conducted approximately every 4 years, to
date. This analysis relied on the 5 most recent
waves of examinations, waves 4 through 8
(1987---2008), covering the time period for
which detailed housing data were available.
We excluded from main models individuals
who did not participate in any wave 4 through
8 with a Massachusetts address (n = 1483),
who could not be assigned area-level covariates
via geocoding (n = 107), or who were missing

key covariate information (n = 1456; Figure A,
available as a supplement to this article at
http://www.ajph.org). The resulting sample
included 7830 observations across 2068
participants, averaging 3.8 observations per
individual, geocoded at each wave.31 Partici-
pants were observed in 203 municipalities
over the course of the study.

Characterization of Foreclosure Activity

We used address-level data on all foreclo-
sure deeds filed in Massachusetts between
1987 and 2008 to assess proximity to fore-
closure activity. These data were compiled by
the Warren Group, a private Boston-based real
estate research company that collects public
record foreclosure deeds sourced from gov-
ernment records and legally required public
notification channels (e.g., newspaper postings).
Property owner information from the foreclosure
deeds allowed us to identify foreclosed proper-
ties that were bank‐owned (i.e., transferred back
to the lender after homeowner default), also
known as real estate---owned properties, and
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referred to as “foreclosures” throughout this
article. We used each deed’s sale date to
construct time-varying measures of proximity
to foreclosure activity for each cohort mem-
ber. The Federal Reserve Bank of Boston
provided access to these data and assigned
geographic coordinates to properties in the
data set.

The outcome variables for the analysis
were BMI, calculated from height and weight
measured at each examination wave, and
overweight (inclusive of obesity), defined as
a BMI of 25 or higher.

Exposure

The primary exposure variable was the
number of bank-owned foreclosures within
100 meters (i.e., the length of a standard
block)32,33 of a participant’s home in the year
preceding the participant’s examination date.
We selected this distance on the basis of real
estate studies that document financial spillover
effects specifically within 100 meters of fore-
closed properties.19---22 We included in the
foreclosure count properties that were lender-
owned during any of the 365 days before the
examination. We report findings based on
alternative time lags as sensitivity analyses.
Specifying foreclosure exposure according to
each participant’s exact address and examina-
tion date rather than at the neighborhood level
allowed us to explore the effects of living near
proximate foreclosures within neighborhoods.

We calculated exact distances between par-
ticipants and foreclosures with geocoded ad-
dresses in SAS version 9.2 (SAS Institute, Cary,
NC). Maximum residential frontage require-
ments (available for 93% of observations),
which regulate property lot widths, averaged
44.5 meters,34 such that a 100-meter buffer
would roughly encompass 2 properties on
either side of the participant’s home and those
directly behind and across the street from it.

Covariates

Individual demographic covariates included
income (12 categories) and years of education,
both reported at 1983 through 1987, before
this study’s observational period, as well as age,
race, and gender. We also constructed a series
of environmental covariates to control for
broad residential environment of the partici-
pants. To assess whether the presence of

foreclosures within 100 meters of a partici-
pant’s home was simply a marker of local
residential conditions, we quantified foreclo-
sure activity in areas 0.2 to 0.5 kilometers from
participant’s homes, counted in 100-meter
distance bands (Figure A, available as a sup-
plement to this article at http://www.ajph.org).
We also counted the total number of housing
units with recent (i.e., within a year of the
examination) foreclosure sale deeds of any kind
that were located within a kilometer of the
participants’ homes.

To assess whether foreclosure activity within
100 meters of a participant’s home was simply
a marker of municipal-level economic condi-
tions, we gathered municipal-level poverty
rates based on US Census data.35 We also
calculated annual municipal-level foreclosure
rates, defined as the percentage of housing
units with any foreclosure sales deed that
year. Housing unit counts, our denominator,
came from the Massachusetts Department of
Revenue.36

To control for potential confounding by
urbanicity, we calculated the number of hous-
ing units per residential acre for each muni-
cipality. We employed ESRI’s ArcMap 9.3
(Environmental Systems Resource Institute,
Redlands, CA) to process land use information
provided by the Metropolitan Area Planning
Council,37 Greater Boston’s regional planning
agency. We excluded water, open space, com-
mercial, industrial, and institutional acreage
from land area before calculation so that our
density measure described residential areas
specifically.

Statistical Analysis

To assess the relationship between nearby
foreclosures and BMI, we fit a series of re-
gression models that accounted for the non-
hierarchical structure of the data resulting from
participants moving across neighborhoods over
the course of the study (Figure B, available as
a supplement to this article at http://www.ajph.
org). This generated a structure whereby
individuals’ memberships to neighborhoods
changed over a period of time necessitating
a 3-level cross-classified model of the following
specification38: BMI measured at each wave
(indexed by i ) was conceptualized at level 1,
nested within both individuals (indexed as j1),
and municipalities (indexed as j2), at level 2.39

Because we measured proximate foreclosure
count as a time-varying individual-level expo-
sure, it also took the form of a level-1 variable.
We specified the general form of the model as
follows:

ð1Þ BMIi j1;j2ð Þ ¼ b0 þ bT1Xi j1;j2ð Þ þ bT2Yj1

þ bT3Zj2 þ u0j1 þ u0j2 þ e0i j1;j2ð Þ
� �

;

where bT1 represents a vector of regression
coefficients of time-varying covariates, includ-
ing foreclosure exposure, bT2 a vector of
regression coefficients of time-invariant indi-
vidual-level covariates, bT3 regression coeffi-
cients of time-invariant municipal covariates,
and error components of the model are
bracketed. We allowed a random intercept
to vary over every individual---municipality
combination, and a fixed quadratic time
effect accounted for secular trends in BMI.

We also conducted 6 sensitivity analyses.
Incorporating individual weight trajectories
into our main model led to convergence prob-
lems, likely because of model overspecifica-
tion,40 so we fit a simpler 2-level model, with
waves nested in individuals, that did allow
slopes to vary for each individual over time,
modeling individual weight trajectories.
Municipalities (n = 204) were added to the
fixed part of this model to account for shared
municipal environment.

Next, we employed this approach to model
odds of being overweight. Third, we examined
the foreclosure---BMI relationship under alter-
native lag times, considering foreclosures
created 3 years and 5 years before the exam-
ination date. We hypothesized that the fore-
closure---BMI relationship would be attenuated
as we expanded the time window. Fourth, we
counted proximate foreclosure in the year
following examinations and tested the predic-
tive power of this explanatory variable. If
recent, proximate foreclosures were markers of
microenvironment distress (e.g., a particularly
neglected block) uncontrolled by other cova-
riates, we would expect that counts taken the
year before and after examination dates would
be similarly useful in explaining BMI. This is
because street-level conditions, as indicated by
foreclosure counts, would not be expected to
vary in relation to examination date. In other
words, within each wave, exact examination
date assignments have no relationship to the
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timing of foreclosure activity on participants’

blocks. However, if the presence of foreclo-

sures were causally associated with BMI, we

would expect only past, not future, foreclosure

counts to predict future BMI.
Fifth, we allowed the BMI---foreclosure ex-

posure relationship to vary across municipali-
ties such that the impact of living near an
additional foreclosure could differ on the basis
of municipality of residence. We accomplished
this by adding to our main model a random
slope for each municipality over proximate
foreclosure count. We hypothesized that we
would detect no variation by municipality if the
observed relationship between foreclosures
and BMI were plausibly causal. Finally, to
assess the possibility that missing data might
bias our results, we (1) compared BMI and
foreclosure exposure for participants with
existing versus missing covariates, and (2) fit an
age-only adjusted model to explore the effect
of proximate foreclosures on BMI with data
from all geocoded Massachusetts participants.

All models were fit in SAS version 9.2.

RESULTS

Mean BMI was 26.6 in 1987 through 1991,
and increased to 28.5 in 2005 through 2008.
Prevalence of overweight, during the same
time, increased from 59.0% to 71.3%. Overall,
participants experienced the highest exposure
to foreclosure activity during 1991 through
1995, reflecting the statewide foreclosure crisis
of the early 1990s. Specifically, the number of
participants exposed to foreclosures within
a 1-kilometer buffer and to foreclosures within
100 meters of their homes was highest during
1991 through 1995, and municipal foreclo-
sure rates were also at their highest during
these years. For those with foreclosures in the
neighborhood, the distance to the closest fore-
closure was shortest during 1991 through
1995.

During the study period, we observed fore-
closures within 100 meters of participant
homes on 187 occasions (1.8%) in 159 unique
participants (7.8%), distributed across 42
municipalities (21%). Over the study period,
1644 (80%) unique participants were exposed
to foreclosures within 1 kilometer of their
homes (Table 1).

Municipal-level foreclosure rates were not
highly correlated with housing unit density nor
with poverty rate (r = 0.12 and 0.18, respec-
tively; P< .001). Housing unit density was not
correlated with exposure to proximate, recent
foreclosures (r = 0.019; P= .09), suggesting
that urbanicity41was an unlikely confounder of
the BMI---foreclosure relationship. The study
population in the FraminghamHeart Study was
overwhelmingly White; only 10 of 2068
participants included in this study were mem-
bers of racial minority groups. Multivariate
analyses of variance showed no differences in
time-invariant sociodemographic covariates
nor baseline BMI according to ever-exposure to
proximate foreclosures (P= .51), and no differ-
ences according to ever-exposure to foreclo-
sures within 1 kilometer (P= .40; Table 2).

As shown in Table 3, for each additional
foreclosed property located within 100 meters
of a participant’s home, BMI was an average of
0.20 units (P= .02; 95% confidence interval
[CI] = 0.03, 0.36) higher. This is equivalent to
a 0.58-kilogram weight gain for an individual
whose height is 1.7 meters. Adding proximate
foreclosure exposure to an otherwise fully
adjusted model improved model fit signifi-
cantly (P= .02). It did not change the parti-
tioning of variance across different levels of the
model. Foreclosure activity beyond the most
immediate street-level, 100-meter distance was
not associated with BMI (Table B, available as

a supplement to this article at http://www.ajph.
org). Our results did not meaningfully change
when we added fixed effects for study waves or
higher-order time terms. Although a test for
effect modification by gender via the inclu-
sion of interaction terms was statistically in-
significant (P= .06), gender-stratified analyses
showed a stronger effect of foreclosure on
BMIs for men (bforeclosure = 0.38; P= .001;
95% CI = 0.15, 0.61) than for women
(bforeclosure = 0.06; P= .78; 95% CI = –0.17,
0.29; Table C, available as a supplement to this
article at http://www.ajph.org). Although
previous research shows that BMIs of Fra-
mingham Heart Study participants are not in-
dependent31 and we did not account for social
relationships among participants, results from
these gender-stratified analyses indicate that
our findings are not simply statistical artifacts
driven by dependence in spouses’ BMIs.

Our first sensitivity analysis, which modeled
individual BMI growth trajectories and reduced
the threat of uncontrolled confounding by
shared municipal environment, moved munic-
ipalities from the random to fixed portion of
the model (Table D, available as a supplement
to this article at http://www.ajph.org). These
simpler models produced results consistent
with the findings mentioned previously, show-
ing positive associations between foreclosure
exposure and BMI (bforeclosure = 0.12; P= .047;
95% CI = 0.001, 0.23). There were no

TABLE 1—Prevalence of Exposure to, Distance to, and Value of Proximate Real Estate–

Owned Properties and Municipal-Level Housing and Economic Distress, According to Wave:

Framingham Offspring Cohort, Massachusetts, 1987–2008

Wave

Variable 1987–1991 1991–1995 1995–1998 1998–2001 2005–2008

No foreclosures present within 1 km, no. 1983 692 998 1375 1442

Participants with foreclosures present within

1-km, no.

52 1339 999 583 431

Distance to closest foreclosure within 1-km, km 0.53 0.48 0.52 0.60 0.58

Participants with foreclosures present within

100 m, no.

2 94 48 29 14

Participants with more than 1 foreclosure within

100 m, no.

1 22 7 2 0

Mean assessed value of foreclosures within

100 m of participants, US$

244 450 290 492 244 304 199 295 229 236

Municipal-level foreclosure rate, % 0.16 0.48 0.16 0.06 0.12

Municipal-level poverty rate, % 5.4 4.6 4.6 4.9 5.6
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substantive differences in other fixed effect
estimates in these models compared with the
cross-classified models. Second, we found that
exposure to each additional foreclosure within
100 meters increased the odds of being over-
weight by 77% (P = .04; 95% CI = 1.02, 3.05;
Table E, available as a supplement to this
article at http://www.ajph.org). Although the
presence of foreclosures more than 100 meters
from participants’ homes was not associated
with BMI in our main model nor sensitivity
analyses, each foreclosure located between
100 and 200 meters of participants was
associated with a 48% lower odds of being
overweight (P= .004; 95% CI = 0.33, 0.82).

Third, as hypothesized, effects associated
with foreclosure exposure were strongest when
nearby foreclosures had been created within
a year of a participant’s examination date. It is
important to note that our fourth sensitivity
analysis showed no relationship between fu-
ture foreclosure activity and BMI, suggesting
that general street-level environment does
not confound the observed foreclosure---BMI
relationship (Table 3).

Fifth, we refit our original cross-classified
model with a random slope for each muni-
cipality, which was allowed to vary across
foreclosure counts. This model assumed that
nearby foreclosures may influence BMI esti-
mates differently in different communities.
However, the random slope parameter in this
model was statistically indistinguishable from
zero (P= .32) meaning that we detected no
evidence of such variability; associations
between exposure to foreclosures and BMI per-
sisted under this model specification (Table F,
available as a supplement to this article at http://
www.ajph.org). This suggests that a consistent
mechanism links BMI and exposure to proximate
foreclosures across Massachusetts.

Our sixth and final sensitivity analysis ex-
plored the possibility that excluding partici-
pants with missing covariate data from main
models might bias our results. We found no
differences in the risk of ever being exposed
to a nearby foreclosure according to whether
participants were missing data on race (P= .18),
income (P= .71), or education (P= .44), sug-
gesting that excluding participants missing these
covariates from main analyses should not bias
our results. Also, in line with findings from our
main analyses (Table 3, age-adjusted model),
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proximate foreclosures were associated with
higher BMI in an age-only adjusted analysis that
drew on the full sample of all geocoded Massa-
chusetts participants (n =3641; bforeclosure = 0.12;
P= .048; 95% CI=0.001, 0.25).

DISCUSSION

Exposure to proximate foreclosure activity
significantly predicted higher subsequently
measured BMI in this large cohort. The mag-
nitude of this deleterious effect was similar to
the estimated protective effect of 1 year of
education. These findings were consistent re-
gardless of whether we addressed potential
confounding by shared municipal environment
through a fixed or random effects approach,
and remained robust when we allowed indi-
vidual BMI trajectories. Modeling municipali-
ties as fixed effects provides a strict control for
area-level factors that could act as previous
common causes of both neighbors’ foreclosures
and participants’ weight gain, including general
economic or employment conditions. These
models greatly reduce the threat of confound-
ing by omitted or imprecisely measured mu-
nicipal factors. Sensitivity analyses suggest that
our results were not biased by excluding

participants who were missing data on key
covariates. Specifically, we found no differ-
ences in risk of foreclosure exposure according
to missing data patterns, and positive age-only
adjusted associations between nearby foreclo-
sures and BMI in the full sample of Massachu-
setts residents. Although specific drivers of
the observed association were not identified in
this study, several aspects of these analyses
suggest that the relationship between proximity
to foreclosures and BMI may be causal.

First, if the relationships we observed in our
main models were attributable to unmeasured
confounding by highly localized neighborhood
conditions, we would expect that foreclosure
count taken in the 365 days before and after
the examination date would be similarly useful
in explaining BMI. The reason is that fore-
closures as a marker of street-level conditions
would not be expected to vary in relation to an
examination date that is essentially random
with regard to foreclosure trends. Furthermore,
precise foreclosure dates are not only deter-
mined by the onset of borrowers’ financial
trouble, but also can be affected by lender---
homeowner negotiations regarding the mort-
gage or other homeowner attempts to stave off
repossession. These factors create additional

temporal variability that is external to both
street-level neighborhood decline and even to
initial homeowner financial distress. In fact, the
average foreclosure timeline in Massachusetts
is 463 days.42 However, we observed that
previous foreclosure counts strongly predict
future BMI whereas future foreclosure counts
showed no association with BMI despite the
fact that foreclosure dates can easily vary by
months because of factors unrelated to either
neighborhood conditions or homeowner
finances.

Second, effect estimates became smaller and
weaker as the timeframe within which fore-
closures are counted expanded, which essen-
tially diluted our measure of recent exposure
intensity with information that was less rele-
vant to current health status. Third, the effect of
foreclosure activity on BMI was consistent
across municipalities. Were the observed ef-
fects artifacts of confounding by urbanicity or
driven by processes occurring only in specific
neighborhoods that happen to be dense with
foreclosures, the effect would have varied by
geography. However, we saw that foreclosure
activity was a risk factor for increased BMI
that behaved consistently across communities.

Limitations

Because this analysis was limited to Massa-
chusetts residents, the findings may not be
generalizable to other settings. This study
should be replicated elsewhere to test for that
possibility. Although BMI is a good measure
of adiposity in the general population and has
been associated with a wide range of health
outcomes, other measures of body fat, such as
waist-to-hip ratio, may be more predictive of
some conditions.43 Future studies should ex-
amine the relationship between nearby fore-
closure and other objective health measures to
better understand the health effects of living
near foreclosures. Also, although we pre-
sent evidence that is suggestive of causal pro-
cesses, these data are observational and
uncontrolled confounding is possible. However,
it is difficult to identify potential confounders
responsible for the observed associations
with spatially and temporally referenced fore-
closure activity, although there are known
causal mechanisms that could be at play. Mech-
anisms by which neighbors’ foreclosures could
affect even securely housed residents include

TABLE 3—Associations Between Recent Exposure to Proximate Real Estate–Owned Property

and Body Mass Index, Unadjusted and Adjusted Three-Level Cross-Classified Models, and

Over 4 Time Frames: Framingham Offspring Cohort, Massachusetts, 1987–2008

Model and Foreclosure Time From Examination Date Foreclosures £100 Meters, b 6SE (95% CI)

Age-adjusted,a 1 y before 0.17 60.08* (0.02, 0.32)

Fully adjusted,b 1 y before 0.22 60.10* (0.02, 0.41)

Adjusted, excluding income,c 1 y before 0.20 60.08* (0.03, 0.36)

Sensitivity analyses

Adjusted, excluding incomec

3 y before 0.10 60.05* (0.00, 0.20)

5 y before 0.05 60.04 (–0.03, 0.13)

1 y after –0.03 60.11 (–0.24, 0.18)

Note. CI = confidence interval.
aModel included a quadratic time term and was adjusted for age.
bModel included a quadratic time term and was adjusted for age, gender, race, education, income, municipal poverty rate,
municipal foreclosure rate, housing unit density at the municipal level, foreclosure count within 1 km of participants’ homes,
and counts of real estate–owned property > 100 to £ 200 m, > 200 to £ 300 m, > 300 to £ 400 m, and > 400 to £ 500 m
of participants’ homes.
cTo conserve sample size and because income was statistically unrelated to body mass index after we controlled for
educational attainment and did not meaningfully change effect estimates associated with foreclosure count or any model
covariates, we excluded income from our fully adjusted model. Model included a quadratic time term and was adjusted for
the same variables as the fully adjusted model (excluding income).
*P < .05.
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“spillover effects” such as declines in nearby
property values, degradation of the neighbor-
hood environment, residential turnover, and
other social mechanisms, such as stress.44

Although this study did not identify precise
causal pathways, potential mechanisms to
explain our results include higher caloric in-
take as a stress-coping response, decreased
neighborhood-based physical activity because
of degraded street-level environmental condi-
tions, and reduced spending on salubrious
resources in reaction to perceived or real
financial losses. A lack of data on these and
other behaviors is a limitation of this study
that prevented mediation analyses.

Implications and Conclusions

Clinicians working with patients in neigh-
borhoods hard-hit by the recent housing crisis
should be aware of the potential stressors
associated with localized foreclosure activity,
including perceived loss of wealth, friends
moving away, visible trash accumulation,
overgrown lawns, and perceived danger,
among others. Policymakers at the state and
federal levels, community development corpo-
rations, lenders, housing planners, and munic-
ipal officials should likewise take such effects
into account when making housing-related
decisions. For example, efforts to prevent
foreclosure among at-risk homeowners, or to
return foreclosed properties back into pro-
ductive uses quickly, may mitigate potential
threats to neighbors’ health. Although further
research is needed to understand the asso-
ciation between proximate foreclosures and
weight gain, this analysis suggests that the
relationship may be causal. With real estate
experts estimating that millions of homes are
currently heading toward mortgage default45

as part of the nation’s “foreclosure pipeline,”
and considering that each new foreclosure may
affect multiple nearby neighbors, our findings
could have policy relevance.

Backlash against foreclosure mitigation in
the United States has largely been rooted in
political arguments that individual homeown-
ers, often accused of using home equity un-
wisely or failing to research their loans, are
unworthy of government help.46 This study
suggests that debates over neighborhood sta-
bilization should also take public health into
account. For example, cost---benefit analyses

informing how both policymakers and lenders
deal with distressed properties might consider
potential spillover effects on neighbors’ health.
Future studies to identify which aspects of
foreclosure are most harmful to neighbors,
for example, differentiating between aesthetic
and spillover financial impacts, could also
help target mitigation efforts most effectively. j
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