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Low neighborhood socioeconomic status has been linked to adverse health outcomes. However, it is unclear whether
changing the neighborhood may influence health. We examined 10-year change in neighborhood socioeconomic depri-
vation in relation to mortality rate among 288,555 participants aged 51-70 years who enrolled in the National Institutes of
Health-AARP Diet and Health Study in 1995-1996 (baseline) and did not move during the study. Changes in neighbor-
hood socioeconomic deprivation between 1990 and 2000 were measured by US Census data at the census tract level.
All-cause, cardiovascular disease, and cancer deaths were ascertained through annual linkage to the Social Security
Administration Death Master File between 2000 and 2011. Overall, our results suggested that improvement in neighbor-
hood socioeconomic status was associated with a lower mortality rate, while deterioration was associated with a higher
mortality rate. More specially, a 30-percentile-point reduction in neighborhood deprivation among more deprived neighbor-
hoods was associated with 11% and 19% reductions in the total mortality rate among men and women, respectively. On
the other hand, a 30-point increase in neighborhood deprivation in less deprived neighborhoods was associated with an
11% increase in the mortality rate among men. Our findings support a longitudinal association between changing neigh-

borhood conditions and mortality.

cancer mortality; cardiovascular disease mortality; mortality; neighborhood characteristics; older adults;

socioeconomic deprivation

Abbreviations: Cl, confidence interval; HR, hazard ratio; SES, socioeconomic status.

In recent decades, there has been a growing interest in under-
standing the impact of neighborhood socioeconomic deprivation
on health and health disparities (1). In the United States, investi-
gators in several large prospective cohort studies have con-
sistently reported that more severe neighborhood socioeconomic
deprivation at baseline was associated with higher all-cause and
cause-specific mortality rates during follow-up (2-5). Although
such findings suggest an important role of neighborhood socio-
economic status (SES) in shaping health and health disparities, a
crucial remaining question is whether changing neighborhood
conditions would lead to changes in health outcomes.

Neighborhood residents may experience changes in neighbor-
hood conditions by moving or by remaining in a neighborhood
that changes during their residential tenure. The consequences of
moving have been studied by randomizing people to receive relo-
cation vouchers, as in the landmark Moving to Opportunity Study,
which found that moving to less disadvantaged neighborhoods

may have a positive impact on obesity and diabetes risk, as well
as on mental health in girls (6, 7). Moreover, several observa-
tional studies also examined the relationship between moving
and health outcomes but had mixed findings: In several US stud-
ies, authors reported that moving to a better neighborhood was
associated with a lower mortality rate (8) and decreased blood
pressure in blacks (9), while moving to more deprived neigh-
borhoods was associated with higher weight gain (10, 11).
However, studies carried out in Australia and England found
no association between moving to a different neighborhood
on self-reported health behaviors, overall health status, or multi-
ple diseases (12, 13).

Alternatively, changes in neighborhood conditions can occur
by changing the environment surrounding those who continue
to live in the same neighborhood. This type of scenario is partic-
ularly relevant for the aging population, as residential mobility
declines with age (14). However, because conditions in most
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neighborhoods tend to be stable over a period of time and it
may take a long lag time for neighborhood effects on health
to emerge (15), conducting such studies would require large
populations, geographically diverse neighborhoods, and a suffi-
ciently long follow-up period. Because of such challenges, there
has been only limited research on how changing specific aspects
of neighborhood environment might affect specific health out-
comes. For example, an increase in neighborhood poverty was
found to be associated with higher risk of preterm birth (16);
improvement in neighborhood safety was linked to a decrease in
body mass index (17); and loss of neighborhood supermarkets
was related to worsening glycemic control (18). Overall the
evidence seems to suggest that improvement in neighborhood
conditions might lead to health benefits, while neighborhood
deterioration might lead to damaging outcomes. However,
although some evidence has suggested that improvements in
specific aspects of neighborhood environment are often linked
to neighborhood socioeconomic advantages (19, 20), there
has been no study that has examined the association between
more general improvement in or deterioration of neighbor-
hood socioeconomic conditions and overall health.

In a large cohort of middle-aged to older men and women
from diverse areas of the United States who lived in the same
neighborhood during the study period, we examined changes
in neighborhood socioeconomic deprivation over 11 years of
follow-up in relation to rates of total, cardiovascular disease,
and cancer mortality. We tested the hypothesis that reductions
in relative neighborhood socioeconomic deprivation would
be associated with lower all-cause and cause-specific mor-
tality rates, particularly among participants residing in a
more deprived neighborhood in 1990. We also examined
whether an increase in relative deprivation in more advan-
taged neighborhoods was associated with an elevated mor-
tality rate.

METHODS
Study population

The National Institutes of Health-AARP Diet and Health
Study was established in 1995-1996 by recruiting members
of AARP (formerly the American Association of Retired
Persons) aged 50-71 years residing in one of 6 US states
(California, Florida, Louisiana, New Jersey, North Carolina,
and Pennsylvania) and 2 US metropolitan areas (Atlanta, Geor-
gia and Detroit, Michigan). Details of the study have been previ-
ously reported (21). In total, 566,399 participants satisfactorily
completed the baseline questionnaire, in which they reported
their residential address. Addresses of participants were regu-
larly updated using the National Change of Address database.
In 2005, in order to prepare for mailing a follow-up question-
naire to the entire cohort, a mailing list was constructed using
the most up-to-date addresses for all study participants who
were not known to have died. We further extracted address
information from the most recent updates for those who died
before 2005, which was combined with the mailing list to gen-
erate a complete list of updated addresses by 2005. The study
was approved by the National Cancer Institute Special Studies
Institutional Review Board.
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Analytical sample

The focus of our study was on participants who reported
living in the same neighborhood between baseline and 2000.
We compared updated addresses with the baseline addresses
and defined nonmovers as those whose updated address was
within 1 km of their baseline address. The distance of 1 km
was chosen to account for small variations in geocoding over
time, as well as local moves within the same neighborhood.
A total of 303,174 participants met this criterion and were
eligible for this study. Of those, we further excluded partici-
pants who died before 2000, which served as the beginning
of the mortality follow-up period (n = 14,619), and partici-
pants for whom we had missing census information in either
1990 or 2000 (n = 463). The final analytical cohort included
174,994 men and 113,561 women. An outline of the study
design is presented in Figure 1.

Neighborhood socioeconomic deprivation

Baseline addresses from 1995 to 1996 were geocoded to lati-
tude/longitude and linked to 1990 and 2000 US Census data at
the census tract level. In total, there were 17,850 census tracts in
our study. We applied an adapted version of the method devel-
oped by Messer et al. (22) and Major et al. (2) to generate an
empirical neighborhood socioeconomic deprivation index for
both census years, where higher deprivation meant lower SES.
In brief, the index was calculated via principal components
analysis using 6 variables, and their loadings are presented in
Web Table 1 (available at https://academic.oup.com/aje). We
also performed sensitivity analyses using 2 additional indicators
of neighborhood deprivation: 1) a deprivation index derived from
all 14 census variables and 2) percentage of households with an
income below the federal poverty level.

We created 2 main variables to characterize changes in neigh-
borhood conditions. First, we created tertiles in both 1990 and
2000 based on the deprivation index and jointly classified the cen-
sus tracts into 9 categories. Second, to examine the dose-response
relationship between changes in neighborhood deprivation and
mortality rate, we further calculated the difference in the percen-
tiles for the deprivation index between 1990 and 2000. Changes
in individual census variables between the 2 censuses according
to different categories of percentile change in the neighborhood
deprivation index are presented in Web Table 2. More details
on measuring neighborhood socioeconomic deprivation can be
found in the Web Appendix.

Mortality ascertainment

The vital status of study participants was ascertained by means
of annual linkage to the Social Security Administration’s Death
Master File. Cause-of-death information can be obtained through
follow-up searches of the National Death Index Plus. In a previ-
ous study, Hermansen et al. (23) found that our ascertainment
method yielded results that were 95% accurate. The endpoints of
our analysis were total mortality, cardiovascular disease mortality
(International Classification of Diseases, Tenth Revision, codes
100-178), and cancer mortality (International Classification of
Diseases, Tenth Revision, codes CO0—C79). The most recent
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Total, CVD, and Cancer Mortality
Between 2000 and 2011

Design of a study of the relationship between 10-year change in neighborhood socioeconomic deprivation and total, cardiovascular disease

(CVD), and cancer mortality among 288,555 participants aged 51—70 years, National Institutes of Health-AARP Diet and Health Study, 1995-2011.

update on mortality included deaths that occurred through
December 31, 2011.

Covariate assessment

At baseline, the National Institutes of Health-AARP Diet and
Health Study collected information on a broad range of covari-
ates, including demographic characteristics; lifestyle factors,
such as physical activity, smoking, and body mass index;
medical history, such as cardiovascular disease, cancer, and
diabetes, as well as self-rated health status; and dietary intake,
including intakes of total calories, total fat, fruits and vegeta-
bles, meat, whole grain, coffee, and alcohol (21).

Statistical analysis

Multivariable-adjusted hazard ratios and 2-sided 95% confi-
dence intervals were calculated using Cox proportional hazards
models (SAS 9.3; SAS Institute, Inc., Cary, North Carolina).
Person-years were calculated from January 1, 2000, to the date
of death or December 31, 2011, whichever occurred first.
Robust variance estimation was used for standard error estima-
tion to account for clustering across census tracts (24). Because
we detected a statistically significant interaction between sex and
changes in neighborhood socioeconomic deprivation (P = 0.01),
we conducted our regression analyses for men and women
separately.

We performed 2 main analyses: First, we studied rates of total
and cause-specific mortality in relation to categories of change in
neighborhood deprivation based on tertiles. Second, we further
examined the dose-response relationship by using the continuous
variable of change in percentile ranking by estimating the associ-
ation between morality rate and every S-percentile-change in
neighborhood deprivation. Additionally, we examined the
relationship between a reduction in neighborhood depriva-
tion (a 2.6%—-10.0%, 10.1%-20.0%, 20.1%-30.0%, or >30.0%
reduction in deprivation vs. a <2.5% reduction or an increase in

deprivation (reference group)) and the mortality rate in par-
ticipants whose neighborhoods were more deprived in 1990
(deprivation index > median), as well as the relationship between
an increase in neighborhood deprivation (a 2.6%—10.0%, 10.1%—
20.0%, 20.1%-30.0%, or >30.0% increase in deprivation vs.
a <2.5% increase or a reduction in deprivation (reference
group)) and the mortality rate in participants whose neigh-
borhoods were less deprived in 1990 (deprivation index <
median).

In all of our models, we adjusted for potentially confounding
factors, including demographic characteristics (age and race/eth-
nicity) and education as an individual-level SES indicator. State
of residence was included as a random effect. We further con-
sidered the role of neighborhood socioeconomic deprivation in
1990: On the one hand, it may confound the relationship between
changes in neighborhood deprivation and mortality rate; on the
other hand, as pointed out by Glymour et al. (25), controlling for
a baseline variable while studying changes in such a variable
may induce bias. Therefore, we present results from models both
with and without adjustment for neighborhood deprivation in
1990. Finally, because a large proportion (44%) of baseline
cohort participants were excluded, primarily because they moved
out of the neighborhood or died before 2000, we compared study
characteristics between those who were included in this analysis
and those who were excluded (Web Table 3). Although study
characteristics appeared to be largely comparable between the
two groups, some small differences were noted. Therefore, we
conducted sensitivity analysis using inverse probability weight-
ing to account for the potential impact of exclusions (26). More
details about model selection and inverse probability weighting
can be found in the Web Appendix.

RESULTS

Baseline characteristics are presented in Table 1 according
to the 9 categories of neighborhood socioeconomic deprivation
in 1990 and 2000. For each of the neighborhood deprivation
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Table 1.

Baseline (1995-1996) Characteristics (%) of 288,555 Participants in the National Institutes of Health-AARP Diet and Health Study

According to Tertiles of Neighborhood Socioeconomic Deprivation Index in 1990 and 2000

Tertile of Neighborhood Socioeconomic Deprivation Index in 1990 and 2000

Baseline T1? (Low Deprivation) T2 T3 (High Deprivation)
Characteristic T1® T2 T3 ™ T2 T3 T T2 T3
(n=76,448; (n=17,948; (n=1,281; (n=17,880; (n=62,034; (n=16,143; (n=1,197; (n=16,737; (n=78,424;
26.5%) 6.2%) 0.4%) 6.2%) 21.5%) 5.6%) 0.4%) 5.8%) 27.2%)

Age, years® 61.9(5.3) 62.2(5.3) 622(5.3) 62.1(5.4) 62.4 (5.3) 62.5(5.3) 62.3(5.3) 62.5(5.3) 62.4 (5.3)

Female sex 34.1 38.1 41.0 36.2 394 41.9 35.8 38.9 451

Non-Hispanic white 94.4 92.1 91.9 94.7 93.5 89.4 93.3 94.0 81.5
race/ethnicity

College graduation or 54.4 43.6 43.7 39.5 341 32.3 38.4 28.3 25.8
more

Married 78.4 73.2 66.5 75.1 71.2 67.1 73.7 724 63.5

Current smoker 8.4 10.2 111 10.6 11.7 10.3 10.9 11.8 14.0

Physical activity >5 20.8 20.4 22.0 20.2 19.6 19.4 20.1 20.1 18.4
times/week

Television viewing 25.5 21.5 23.6 21.0 19.7 18.7 18.1 18.1 17.0
<2 hours/day

Nighttime sleep 39.9 37.8 34.4 37.6 371 35.1 37.2 37.0 324
7-8 hours/day

Body mass index®¢ 26.5 (4.6) 26.8(4.8) 26.6(4.6) 27.0(5.0) 27.1(5.0) 27.3(5.4) 26.9(4.6) 27.3(5.0) 27.6(5.4)

Alc?hol gonsumption, 14.0(33.6) 13.4(39.3) 12.4(32.6) 14.5(37.7) 13.4(39.1) 12.1(35.8) 13.3(42.8) 12.8(38.9) 11.9(41.5)
g/day

Total HECI-2005 67.6(11.0) 67.2(11.2) 67.2(11.1) 66.5(11.4) 66.3(11.5) 66.6(11.5) 67.0(11.1) 65.8(11.6) 65.7(11.8)
score

Excellent self-reported 21.4 17.9 19.8 17.4 15.6 14.7 16.9 14.0 12.5
health

Chronic conditions
Heart disease 124 13.3 13.0 13.3 14.0 13.5 12.6 15.1 14.4
Stroke 1.5 1.6 2.0 1.8 21 21 2.4 2.4 2.6
Cancer 25.5 24.3 23.3 25.4 24.9 24.4 24.8 241 234
Diabetes mellitus 6.7 7.9 7.9 8.0 8.8 9.9 7.6 10.0 11.2

Abbreviations: HEI-2005, Healthy Eating Index-2005; T, tertile.
& Tertile in 1990.

® Tertile in 2000.

®Values are expressed as mean (standard deviation).

d Calculated as weight (kg)/height (m)2.

tertiles in 1990, 75.2% of the respondents lived in census tracts
in the same tertile in 2000, 23.8% lived in tracts that changed
to an adjacent tertile, and just 0.8% lived in neighborhoods that
improved or worsened by 2 tertiles. Overall, when compared
with those in less deprived neighborhoods, study participants
in the neighborhoods with higher socioeconomic deprivation
in 1990 were less likely to be white and more likely to be
female. They also exhibited a less healthy lifestyle, with more
current smoking, a lower level of physical activity, prolonged
television watching, a higher body mass index, and a lower
Healthy Eating Index-2005 (27) score, as well as a higher
prevalence of chronic conditions. Within each tertile of neigh-
borhood socioeconomic deprivation in 1990, the distribution
of these demographic, lifestyle, and medical factors also dif-
fered by neighborhood deprivation in 2000, with higher depri-
vation in 2000 being associated with more women, nonwhite
race/ethnicity, an unhealthy lifestyle, and higher prevalence of
chronic conditions.
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For both men and women, age-standardized total mortality
rates were the lowest among study participants who lived in the
neighborhoods with consistently low socioeconomic deprivation
in both 1990 and 2000 (14.68 deaths/1,000 and 8.99 deaths/1,000
for men and women, respectively; Table 2). Within each tertile of
socioeconomic deprivation in 1990, there appeared to be a trend
of an elevated total mortality rate with higher deprivation in 2000.
For example, for men who lived in neighborhoods in tertile 1 (the
lowest tertile of deprivation) in 1990, the age-standardized total
mortality rate was 14.68 deaths/1,000 if the neighborhood re-
mained in tertile 1 in 2000, while the mortality rate increased to
16.59 deaths/1,000 and 18.53 deaths/1,000 if the 2000 neighbor-
hood deprivation index rose to tertile 2 and tertile 3, respectively.
Similar trends were observed for other tertiles of 1990 neighbor-
hood deprivation index and for women. Additionally, when we
examined cause-specific mortality rates, we found a similar pat-
tern of associations for cardiovascular disease mortality but less
consistent and weaker associations for cancer mortality (Table 2).
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Table2. Total, Cardiovascular Disease, and Cancer Mortality (1995-2011) Among 288,555 Participants in the National Institutes of Health-AARP Diet and Health Study According to Tertiles
of Neighborhood Socioeconomic Deprivation Index in 1990 and 2000

Cause of Death
S:;:eizntg:oc::(:\ln?:ggzgrli‘\?;?on Total (All Deaths) Cardiovascular Disease Cancer
Index in 1990 and 2000 No. of Age-Stapdardizsd Adjusged 05% Cl No.of  Age-Standardized Adjusted oo No.of  Age-Standardized Adjusted oo
Deaths Mortality Rate HR Deaths Mortality Rate HR Deaths Mortality Rate HR
Men
T1° (low deprivation)
T1¢ 10,477 14.68 1.00 Referent 3,050 4.28 1.00 Referent 3,879 5.42 1.00 Referent
T2 2,632 16.59 1.10 1.06,1.15 813 5.12 117  1.08,1.26 955 6.02 1.09 1.02,1.17
T3 199 18.53 124 1.08,1.43 82 7.62 1.76  1.41,2.19 61 5.68 1.03 0.80,1.33
T2
T 2,793 17.42 112 1.07,1.17 888 5.54 1.21 1.12,1.30 987 6.15 1.08 1.01,1.16
T2 9,715 18.1 115 112,118 3,034 5.65 1.21 1.15,1.28 3,434 6.41 1.11 1.06,1.16
T3 2,630 19.82 127 1.22,1.33 872 6.57 144 1.33,1.55 863 6.52 1.14  1.06,1.23
T3 (high deprivation)
T1 199 18.18 1.18 1.03,1.36 60 5.47 122 0.95,1.58 68 6.22 1.10 0.87,1.40
T2 2,897 19.78 122 1.17,1.27 933 6.37 1.33 1.23,143 1,018 6.96 1.19 1.11,1.27
T3 12,658 21.12 1.31 1.27,1.34 4,202 7.01 147 1.40,1.54 4,042 6.74 1.15 1.10,1.20
Women
T1 (low deprivation)
T1 3,374 8.99 1.00 Referent 732 1.96 1.00 Referent 1,462 3.87 1.00 Referent
T2 981 9.8 1.07 1.00,1.15 281 2.81 1.41 1.23,1.61 355 3.53 0.90 0.81,1.02
T3 71 9.15 1.03 0.82,1.31 13 1.68 0.87 0.51,1.51 26 3.35 0.87 0.59,1.28
T2
T1 959 10.08 1.09 1.01,1.17 235 2.47 1.21 1.05,1.41 396 417 1.05 0.94,1.18
T2 3,989 11.04 119  1.13,1.24 1,066 2.95 144 1.31,159 1,459 4.05 1.02 0.95,1.10
T3 1,194 11.88 128 1.20,1.37 321 3.19 156 1.36,1.78 449 4.48 113  1.02,1.26
T3 (high deprivation)
T 67 11.06 116  0.91,1.48 17 2.76 1.34 0.83,2.17 20 3.26 0.82 0.53,1.27
T2 1,169 12.14 128 1.19,1.37 343 3.56 1.70  1.49,1.94 379 3.95 0.99 0.88,1.11
T3 7,017 13.56 142 1.36,1.48 1,991 3.84 1.78 1.63,1.95 2,418 4.68 1.18 1.10,1.27

Abbreviations: Cl, confidence interval; HR, hazard ratio; T, tertile.

& Number of deaths per 1,000 participants per year; calculated by direct standardization using 5-year age categories.

b Adjusted for age (50.0-54.9, 55.0-59.9, 60.0-64.9, or >65 years), race/ethnicity (non-Hispanic white, non-Hispanic black, or other), and education (<12 years, high school graduation,
some college, or college graduation/postgraduate study). State of residence (California, Florida, Georgia, Louisiana, Michigan, North Carolina, New Jersey, or Pennsylvania) was included as a
random effect.

°Tertile in 1990.

9 Tertile in 2000.
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Next, we examined the relationship between changes in neigh-
borhood socioeconomic deprivation and mortality rate after con-
trolling for multiple confounders. Overall, the findings from the
multivariable analysis seemed to suggest that in comparison with
no change in neighborhood socioeconomic deprivation tertile
between 1990 and 2000, a reduction in neighborhood socioeco-
nomic deprivation was associated with a trend of a lower total
mortality rate and an increase in neighborhood deprivation was
associated with a higher total mortality rate (Table 2, Figure 2,
and Web Figure 1). We observed largely similar results using the
deprivation index derived from 14 census variables or percentage
of households with an income below the poverty level (Web
Table 4), or after additionally adjusting for neighborhood

deprivation in 1990 (Web Table 5). Use of inverse weighting to
control for the probability of being excluded from the analytical
sample because of moving or death also had little impact on the
results (data not shown).

To further investigate the dose-response relationship between
changes in neighborhood socioeconomic deprivation and mortal-
ity rate, we examined percentile reduction in neighborhood depri-
vation index between 1990 and 2000 in relation to mortality rate
among participants who lived in a more deprived neighborhood
in 1990 (Figure 3A, Web Table 6). Overall we found a significant
relationship between reduction in neighborhood deprivation and
lower total mortality rate. Every 5-percentile-point reduction
was associated with 1.1% and 2.0% lower mortality rates in
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Figure 2. Hazard ratios (HRs) for the association between neighborhood socioeconomic deprivation in 1990 and 2000 and total mortality in men (A)
and women (B), National Institutes of Health-AARP Diet and Health Study, 1995-2011. The x-axis labels present the neighborhood deprivation groups
for 1990/2000; for example, “low/high” indicates low neighborhood deprivation in 1990 and high deprivation in 2000. Results were adjusted for age
(50.0-54.9, 55.0-59.9, 60.0-64.9, or >65.0 years), race/ethnicity (non-Hispanic white, non-Hispanic black, or other), and education (<12 years, high
school graduation, some college, or college graduation/postgraduate study). State of residence (California, Florida, Georgia, Louisiana, Michigan, North
Carolina, New Jersey, or Pennsylvania) was included as a random effect. Vertical lines represent 95% confidence intervals. The “low/low” group served

as the reference group.
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Figure 3. Sex-specific hazard ratios (HRs) for the association between
change in neighborhood socioeconomic deprivation between 1990 and
2000 and total mortality, National Institutes of Health-AARP Diet and
Health Study, 1995-2011. Part A shows the association between a
reduction in neighborhood deprivation and mortality among participants
from a more deprived neighborhood in 1990 (neighborhood socioeconomic
deprivation index > median), and the reference group included neighbor-
hoods that had increases in deprivation, no change in deprivation, or a slight
reduction in deprivation (up to 2.5%). Part B shows the association between
an increase in neighborhood deprivation and mortality among participants
from a less deprived neighborhood in 1990 (neighborhood socioeconomic
deprivation index < median), and the reference group included neighbor-
hoods that had reductions in deprivation, no change in deprivation, or a
slight increase in deprivation (up to 2.5%). Results were adjusted for age
(50.0-54.9, 55.0-59.9, 60.0-64.9, or >65.0 years), race/ethnicity (non-
Hispanic white, non-Hispanic black, or other), and education (<12 years,
high school graduation, some college, or college graduation/postgraduate
study). State of residence (California, Florida, Georgia, Louisiana, Michigan,
North Carolina, New Jersey, or Pennsylvania) was included as a random
effect. Vertical lines represent 95% confidence intervals.

men and women, respectively. Moreover, when compared with
neighborhoods with little or no reduction in deprivation or an
increase in deprivation, a 30-percentile-point reduction in neigh-
borhood deprivation was associated with 11% and 19% lower
risks of mortality in men and women, respectively (hazard ratio
(HR) = 0.89 (95% confidence interval (CI): 0.83, 0.95) for men
and HR = 0.81 (95% CI: 0.72, 0.91) for women). On the other

hand, among people who lived in less deprived neighborhoods in
1990, we found that a relative increase in neighborhood depriva-
tion was associated with a higher mortality rate, but the relationship
was significant only in men, among whom a 30-percentile-point
increase was associated with 11% greater risk of total mortality
(Figure 3B, Web Table 7).

Finally, we examined the impact of baseline health status on
the association between a reduction in neighborhood socioeco-
nomic deprivation and the mortality rate among participants who
lived in more deprived neighborhoods in 1990 (Web Table 8).
We found that less healthy women appeared to benefit most
from a 30-percentile-point reduction in neighborhood depriva-
tion, with a 21% reduction in total mortality (HR = 0.79, 95%
CI: 0.68, 0.90).

DISCUSSION

In this large cohort of middle-aged to older US men and women
who lived in the same neighborhoods from the mid-1990s to the
mid-2000s, we found that changes in neighborhood socioeco-
nomic deprivation were associated with mortality rates in ways
that were consistent with our original hypotheses. Specifically,
relative reductions in neighborhood deprivation were associated
with a lower total mortality rate among residents of more
deprived neighborhoods, and the association was stronger
in women, particularly women who were less healthy at
baseline. Moreover, a relative increase in deprivation was
associated with a higher mortality rate among men living
in less deprived neighborhoods.

Research focusing on the associations between health out-
comes and changes in neighborhood conditions among the resi-
dents could contribute to the current literature in 2 significant
ways: First, it would help strengthen or refute the argument for
causality for the relationship between neighborhood environ-
ment and health; and second, it could provide evidence to better
evaluate the potential of interventions that focus on improving
conditions which influence health in disadvantaged neighbor-
hoods. Such studies are particularly relevant for the older popu-
lation, since residential mobility declines with age. In a previous
study, Fischer (14) reported that the percentage of the popula-
tion that moved in 1 year dropped from over 30% for young
adults to approximately 5% for people who were 60-80 years of
age. Therefore, changing the neighborhood environment may
be a more feasible intervention strategy for the older population.
There has been sparse evidence suggesting that changing neigh-
borhood conditions may be associated with health outcomes
among residents who stay in the same neighborhood. In a recent
study, Margerison-Zilko et al. (16) evaluated the trajectory of
neighborhood poverty in California and reported that an increase
in poverty early in the study period (2003-2009) was associated
with a 37% increase in the odds of preterm birth, while a decrease
in neighborhood poverty was not associated with changes in pre-
term birth. In another study, Zhang et al. (18) examined the gain or
loss in neighborhood supermarkets in relation to hemoglobin A,
level among patients from the Kaiser Permanente Northern Cali-
fornia Diabetes Registry. They found that supermarket loss was
consistently associated with worsening hemoglobin A, status in
the study population, while supermarket gain was associated with
improvement in hemoglobin A, levels, but only among people
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with near-normal levels at baseline (18). Moreover, 2 analyses in
the Multi-Ethnic Study of Atherosclerosis found that improvement
in neighborhood safety and increase in the number of walking des-
tinations and population density were associated with lower body
mass index and waist circumference (17, 28). Overall, findings
from these studies and ours support a potentially important impact
on public health of changing the neighborhood environment: On
the one hand, the evidence consistently identifies deterioration in
the neighborhood environment as a risk factor for adverse health
outcomes, suggesting that more attention is needed to monitor
health problems and reduce disease burden in communities with a
worsening condition. On the other hand, there is a suggestion that
improvement in neighborhood conditions in more deprived neigh-
borhoods may lead to health benefits, and more studies are needed
to explore what types of neighborhood interventions might be
most effective.

A unique strength of our study was its large number of parti-
cipants and neighborhoods, which enabled us to examine the
dose-response relationship between changes in neighborhood
deprivation and mortality rate to determine the degree of neigh-
borhood change required for health benefits. We found a modest
association between changes in neighborhood SES and mortal-
ity rate, which suggested that a relatively large change in neigh-
borhood conditions is needed to produce a substantial change in
health outcomes. Indeed, using categories of neighborhood change
in percentile ranking, we found a substantial (10% or higher)
reduction in total mortality risk only when there was a 20-point
or greater reduction in neighborhood deprivation.

The large sample size also enabled us to evaluate the relation-
ships by sex and baseline health status, and to our knowledge our
study was one of the first to identify subpopulations that are most
likely to be affected by changing neighborhood conditions.
We found that when compared with men, women from more
deprived neighborhoods showed a larger mortality reduction
associated with improvements in neighborhood conditions. Inter-
estingly, there has been a growing body of evidence showing that
women may benefit more from improvements in their neighbor-
hoods than men. For example, Althoff et al. (29) recently reported
that a more walkable built environment was linked to a larger
increase in physical activity among women than among men, and
Powell-Wiley et al. (17) also reported that an increase in neigh-
borhood safety had a stronger association with decreases in body
mass index in women. Moreover, in an analysis of the Southern
Community Cohort Study, Warren Andersen et al. (30) also
reported that neighborhood disadvantages had a stronger associa-
tion with mortality in women than in men, although such a sex-
specific association was not found in an earlier meta-analysis on
neighborhood deprivation and mortality (31). Interestingly, we
also found that women who were less healthy seemed to exhibit
the biggest reduction in mortality rate associated with improved
neighborhood conditions, which supports a potentially large
public health benefit of intervention programs that aim at
improving neighborhood environment in disadvantaged commu-
nities. Taken together, such findings could contribute to the inclu-
sion of individual-level variables in discussions concerning the
costs and benefits of investment in neighborhood characteristics.

We also examined the relationship between changes in neigh-
borhood deprivation and cause-specific mortality rate. Interest-
ingly, the associations appeared to be stronger for cardiovascular
mortality than for cancer mortality, which may be due to the
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relatively long latency period needed for most cancers to develop,
in comparison with cardiovascular diseases. More studies are
needed to examine the potential impact of neighborhood environ-
ment on specific health outcomes.

There were also some limitations in our study. First, our popu-
lation was predominantly white, and most of the participants
resided in relatively high-SES neighborhoods. For example, the
median percentage of households below the poverty line in our
study was 6.0% in 1990 and 6.6% in 2000, as compared with a
national average of 13.5% in 1990 and 11.3% in 2000. Therefore,
these results may be less generalizable to other populations. We
encourage researchers in future studies to utilize cohorts with a
more diverse racial/ethnic background to examine the relationship
between neighborhood and changes in neighborhood and health
in minority populations. Second, we did not have information
about specific aspects of the neighborhood, such as the built envi-
ronment, local businesses, social capital, and access to health care,
and we were not able to pinpoint which aspects of the neighbor-
hood were most responsible for the association between mortality
and changes in socioeconomic deprivation in the neighborhood.
Third, we only had information on residential address at 2 time
points (baseline and 2004), while the period of exposure to chang-
ing neighborhood deprivation was baseline—2000. If a participant
moved out of the neighborhood before 2000 but later moved back
into the neighborhood, this may have led to exposure misclassifi-
cation. Finally, we had only 2 measurements of neighborhood
socioeconomic deprivation and they were taken 10 years apart,
which limited our ability to assess the impact of short-term
fluctuations in neighborhood conditions and may have led to
exposure misclassification. For example, we would not be able to
differentiate neighborhoods that experienced stable and con-
tinuous decline from neighborhoods that experienced mul-
tiple rounds of ups and downs if the 2 neighborhoods were
at the same level of deprivation in 1990 and 2000.

In conclusion, our findings not only corroborate a relation-
ship between neighborhood environment and health but also
suggest that even in an older population, changing neighbor-
hood conditions may have an important impact on health
outcomes. We believe our study findings provide further evi-
dence in support of future research to develop and evaluate
neighborhood-based interventions that aim to improve health
and reduce health disparities.
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