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Background: It has been postulated that neighbourhood conditions are related to the health of the elderly
population but longitudinal studies are rare and confounding by individual level variables remains a
possibility.
Methods: Data were obtained from the cardiovascular health study, a population based study of adults
aged 65 years and older. Census block groups were used as proxies for neighbourhoods. A summary
score was used to characterise the neighbourhood socioeconomic environment. Information on personal
socioeconomic indicators, cardiovascular disease prevalence, and cardiovascular risk factors was
obtained from the baseline examination. Proportional hazards regression and propensity score matching
were used to control for individual level variables.
Results: Over the eight year follow up there were 1346 deaths among the 5074 participants, of which
43% were attributable to cardiovascular disease. Among white participants, living in the most
disadvantaged neighbourhood group was associated with higher rates of cardiovascular death, after
adjustment for income, education, and occupation (hazard ratio (HR) 1.5, 95% confidence intervals (CI)
1.2 to 1.9). No neighbourhood differences were observed for non-cardiovascular deaths. Estimates for
black participants were 1.3 (95% CI 0.7 to 2.3) for cardiovascular deaths and 1.4 (95% CI 0.8 to 2.4) for
non-cardiovascular deaths, but sample size was small. In white participants, associations of
neighbourhood characteristics with cardiovascular mortality persisted after adjustment for prevalent
baseline disease and cardiovascular risk factors. The use of propensity score matching led to similar results
(HR for the lowest compared with the highest neighbourhood score group: 1.6 95% CI 1.1 to 2.5,
controlling for personal socioeconomic indicators).
Conclusion: Neighbourhood disadvantage is related to rates of cardiovascular death in elderly white
adults.

D
espite longstanding interest among gerontologists in
how neighbourhood environments may affect the
health of the elderly population,1–6 most research on

predictors of health and mortality in elderly cohorts has
focused on personal factors related to disease status and
health behaviours.7–9 Nevertheless, there are several reasons
why the elderly may be especially vulnerable to the health
enhancing or health damaging aspects of their immediate
residential environments.4 10 The activity space of individuals
constricts with age11 and older persons may be more likely
than working adults to spend time in their neighbourhoods.
They may also be more likely to rely on their immediate
environments for resources such as food shopping, recrea-
tional facilities, and health care. Older adults may be more
vulnerable than younger adults to potentially adverse
consequences of the physical features of their local environ-
ments (such as air pollution, pavement conditions, or heavy
traffic). In addition, among the elderly, social interactions
may also occur more frequently in the context of neighbour-
hoods, and features of neighbourhoods may influence the
quantity and quality of social support experienced by
residents.12 13

Cross sectional studies have found that living in dis-
advantaged neighbourhoods is associated with increased
prevalence of poor self reported health and chronic condi-
tions in the elderly, after controlling for personal socio-
economic indicators.14 Interpretation of these findings is
difficult because of the possibility that the associations
observed may result from reverse causation (for example,
the movement of unhealthy persons into disadvantaged
neighbourhoods). Although one study has found that

features of residential environments are related to functional
decline over time15 the extent to which neighbourhood
characteristics are related to health in longitudinal studies
has not been established.
Using data from the cardiovascular health study (CHS) we

build on prior work in three ways. Firstly, we examine
longitudinal associations between neighbourhood character-
istics and mortality in a large, population based prospective
study of persons 65 years of age and older with detailed
information on individual level risk factors. Secondly, we
examine if associations differ for cardiovascular disease and
other causes. Prior work has outlined possible mechanisms
through which neighbourhood environments could be
specifically related to cardiovascular health.16 Reporting
associations of neighbourhood characteristics with cardio-
vascular death but not with deaths attributable to other
causes would provide additional evidence that neighbour-
hood factors are especially relevant to cardiovascular disease.
Thirdly, we use the propensity score approach (in addition to
standard multivariable adjustment) to control for individual
level confounders. Multivariable adjustment may be limited
in its ability to control for confounders in studies of
neighbourhood effects and propensity score matching has
been proposed as an alternative that may be especially useful
when multiple confounders are involved.17 This approach has
not been used in studies of neighbourhood health effects.

METHODS
The CHS is a population based longitudinal study of coronary
heart disease and stroke in adults 65 years of age and
older.18 19 A total of 5201 men and women (242 black
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participants and 4959 white participants) were recruited
from four areas: Forsyth Co, NC; Washington Co, MD;
Sacramento Co, CA; and Pittsburgh, PA. Participants were
sampled from Medicare eligibility lists in each area. Eligible
participants were 65 years or older at the time of the
examination (June 1989–May 1990), not institutionalised,
and did not require a proxy respondent at baseline. Overall,
57% of those eligible were enrolled in the study. In 1992–93,
three of the four centres (Forsyth Co, Sacramento, and
Pittsburgh) recruited an additional 687 black participants
into the CHS cohort using the same sampling frame and data
collection procedures used for the original cohort. The

baseline interview and examination took place in 1989–
1990 for the initial cohort and in 1992–93 for the supple-
mental cohort. Both cohorts have been followed up since
then with semi-annual contacts. The two cohorts are
combined for these analyses.
Participants were linked to their neighbourhood of

residence using their baseline home address. US census
defined block groups were used as proxies for neighbour-
hoods. Block groups are subdivisions of census tracts. On
average, each block group includes about 1000 people. A
summary neighbourhood score derived from 1990 US census
data was used as an indicator of the neighbourhood

Table 1 Age adjusted mean neighbourhood characteristics and personal socioeconomic indicators at baseline in white
participants who died and did not die, the cardiovascular health study, 1989–1993

White men White women

Died of
CVD
(n = 276)

Died of
other
causes
(n = 367)

Did not die
(n = 1169)

p Value
death v
no death

p Value
CVD death
v non-CVD
death

Died of
CVD
(n = 218)

Died of
other
causes
(n = 321)

Did not die
(n = 1866)

p Value
death v
no death

p Value
CVD death
v non-CVD
death

Mean neighbourhood characteristics
Neighbourhood score* 2.7 2.9 3.8 0.0001 0.49 1.6 3.1 3.3 0.0004 0.0001
Median household income ($) 33500 33500 35400 0.01 0.90 30900 32800 33800 0.01 0.11
Median value of housing units ($) 100100 105700 115400 0.0001 0.24 95000 110000 111000 0.03 0.003
Households with interest, dividends
or rent income (%)

48 48 52 0.0003 0.98 45 49 50 0.002 0.004

Adult residents who completed high
school (%)

80 81 83 0.0001 0.67 78 82 82 0.006 0.0002

Adult resident who completed
college (%)

27 29 32 0.0007 0.27 23 30 31 0.0009 0.0001

Employed residents with executive,
managerial, or professional
occupation (%)

33 34 36 0.001 0.52 29 34 35 0.0008 0.0003

Individual characteristics
Annual income >$25,000 (%) 43 45 53 0.0008 0.68 25 34 39 0.002 0.05
Complete college (%) 23 24 30 0.007 0.63 6 18 18 0.004 0.0001
Executive/managerial/professional/
administrative lifetime occupation (%)

46 47 55 0.001 0.9 20 26 25 0.5 0.1

CVD, cardiovascular disease. *The neighbourhood score was constructed by summing Z scores for six neighbourhood level variables: median household income;
median value of housing units; percentage of households receiving interest, dividend or net rental income; percentage adults with complete high school;
percentage adults with complete college, and percentage of persons in managerial or professional specialty occupations.

Table 2 Age adjusted mean neighbourhood characteristics and personal socioeconomic indicators at baseline in black
participants who died and did not die, the cardiovascular health study, 1989–1993

Black men Black women

Died of
CVD
(n = 40)

Died of
other
causes
(n = 46)

Did not die
(n = 235)

p Value
death
v no
death

p Value CVD
death v non-
CVD death

Died of
CVD
(n = 41)

Died of
other
causes
(n = 37)

Did not die
(n = 458)

p Value
death v
no death

p Value CVD
death v non-
CVD death

Neighbourhood characteristics
Neighbourhood score* 23.5 22.7 21.8 0.02 0.21 22.9 24.1 22.7 0.16 0.13
Median household income ($) 19900 21400 23300 0.07 0.36 19200 19200 21100 0.15 0.96
Median value of housing units ($) 48400 59200 67900 0.02 0.09 54900 49900 61100 0.07 0.36
Households with interest, dividends
or rental income (%)

20 22 26 0.03 0.65 23 17 22 0.36 0.06

Adult residents who completed
high school (%)

65 68 71 0.04 0.40 66 62 67 0.06 0.20

Adult resident who completed
college (%)

13 14 17 0.08 0.61 16 12 15 0.63 0.08

Employed residents with executive,
managerial, or professional
occupation (%)

17 19 21 0.05 0.48 19 16 20 0.29 0.18

Individual characteristics
Annual income >$25000 12 36 30 0.35 0.02 11 6 13 0.33 0.53
Complete college (%) 15 20 19 0.81 0.57 8 12 15 0.29 0.61
Executive/managerial/professional/
administrative lifetime occupation (%)

22 31 31 0.4 0.4 19 21 29 0.1 0.8

CVD, cardiovascular disease. *The neighbourhood score was constructed by summing Z scores for six neighbourhood level variables: median household income;
median value of housing units; percentage of households receiving interest, dividend or net rental income; percentage adults with complete high school;
percentage adults with complete college, and percentage of persons in managerial or professional specialty occupations.
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socioeconomic environment. This score was constructed by
summing Z scores for six variables representing the dimen-
sions of wealth/income (median household income, median
value of housing units, and percentage of households
receiving interest, dividend or net rental income), education
(percentage adults with complete high school, percentage
adults with complete college), and occupation (percentage of
persons in managerial or professional specialty occupa-
tions).20 The rationale for the combination of these indicators
has been previously described.20 Neighbourhood scores for
block groups in the sample at baseline ranged from 210.7 to
16.7, with increasing score reflecting increasing neighbour-
hood socioeconomic advantage. Updated information on
neighbourhood characteristics was also available for 1998
(year 8–9 of the initial cohort and year 5–6 of the
supplemental cohort). Neighbourhoods were categorised into
three groups of roughly equal size. Mean baseline neighbour-
hood scores for the three groups were 21.8, 2.9, and 8.5 in
white participants, and 26.5, 23.6, and 2.1 in black
participants.
Information on personal income and education was

collected as part of the baseline interview. Total combined
family annual income was categorised as under $8000;
$8000–$15 999; $16 000 –$34999; $35 000–$49 999; and
$50 000 or more. Participants with no information on income
(6.5%) were coded as a separate category. Educational
attainment was categorised as less than high school; high
school or general equivalency diploma (including vocational
school); one to three years of college; completed fours years
of college; and some graduate or professional school.
Occupation was defined as usual lifetime occupation and

was selected from a response card as one of the following: I:
professional/technical/managerial/ administrative; II: sales/
clerical service; III craftsman/machine operator/labourer; IV:
farming/forestry; V: housewife; and VI: other/missing.
Categories III and IV were combined in the analyses.
For analyses focusing on cardiovascular disease mortality,

prevalence of cardiovascular disease (coronary heart disease,
stroke, and congestive heart failure) at baseline was
determined based on results of the baseline interview and
examination. Self reports of disease were validated according
to standardised criteria by ascertaining medications used and
by relevant standardised examinations (such as electrocar-
diograms) performed on all study participants and/or medical
record review. Information on the main cardiovascular risk
factors (smoking, hypertension, diabetes, body mass index,
total cholesterol, and HDL-cholesterol) was also obtained
from the baseline examination. Smoking status was classified
as current, former, or never smoker. Persons were defined as
hypertensive if they had systolic blood pressure equal to or
greater than 140 mm Hg, had diastolic blood pressure equal
to or greater than 90 mm Hg, or were taking antihypertensive
medications. Persons were defined as diabetic if they had
fasting plasma glucose equal to or greater than 7 mmol/l) or
were taking medications for diabetes.
Participants were reinterviewed every six months.

Confirmation of deaths was conducted through reviews of
obituaries, medical records, death certificates, and the US
Health Care Financing Administration (HCFA) health care
utilisation database for stays in hospital. There was 100%
complete follow up ascertainment of mortality status.
Cardiovascular deaths (including atherosclerotic coronary

Table 3 Age adjusted all cause mortality by race specific categories of neighbourhood
summary score, the cardiovascular health study, 1989–1998

Neighbourhood tertile

Men Women

Number
of events

Rate per 1000 person
years (95% CI)

Number of
events

Rate per 1000 person
years (95% CI)

White participants
1 (Low) 233 54 (47 to 61) 211 32 (29 to 35)
2 206 44 (38 to 50) 175 25 (22 to 28)
3 (High) 204 38 (33 to 43) 153 23 (21 to 26)
African Americans
1 (Low) 28 52 (38 to 71) 32 28 (18 to 43)
2 30 60 (44 to 82) 29 24 (15 to 39)
2 (High) 28 39 (28 to 54) 17 17 (10 to 30)

Table 4 Adjusted hazard ratios of mortality (all cause, cardiovascular disease, and other causes) by race specific categories
of neighbourhood summary score, the cardiovascular health study, 1989–1998

Neighbourhood group

Hazard ratios (95% CI)

All cause Cardiovascular disease Other causes

Adjusted for
age and sex

Adjusted for age,
sex, income,
education, and
occupation*

Adjusted for
age and sex

Adjusted for age,
sex, income, education,
and occupation

Adjusted for
age and sex

Adjusted for age, sex,
income, education, and
occupation

White people
1 (Low) 1.4 (1.2 to 1.6) 1.2 (1.0 to 1.4) 1.9 (1.5 to 2.4) 1.5 (1.2 to 1.9) 1.2 (1.0 to 1.4) 1.0 (0.8 to 1.3)
2 1.1 (1.0 to 1.3) 1.0 (0.9 to 1.2) 1.4 (1.1 to 1.8) 1.2 (1.0 to 1.6) 1.0 (0.8 to 1.2) 0.9 (0.7 to 1.1)
3 (High) 1.0 1.0 1.0 1.0 1.0 1.0
p Value for trend ,0.0001 0.02 ,0.0001 0.001 0.11 0.8
African Americans
1 (Low) 1.4 (1.0 to 2.1) 1.3 (0.9 to 1.9) 1.5 (0.9 to 2.7) 1.2 (0.7 to 2.2) 1.3 (0.8 to 2.3) 1.4 (0.8 to 2.4)
2 1.5 (1.0 to 2.2) 1.5 (1.0 to 2.2) 1.8 (1.1 to 3.0) 1.7 (1.0 to 2.8) 1.3 (0.7 to 2.1) 1.4 (0.8 to 2.4)
3 (High) 1.0 1.0 1.0 1.0 1.0 1.0
p Value for trend 0.08 0.2 0.2 0.5 0.3 0.3

*Adjusted for the six income categories, five educational categories, and five occupational categories described in the Methods section.
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heart disease, cerebrovascular disease, other atherosclerotic
disease, and other cardiovascular deaths) were adjudicated
by committee based on a CHS protocol.21 Deaths to 31
December 1998 were included in these analyses. Median and
maximum follow up times were 8.1 years and 8.8 years for
the initial cohort and 5.0 and 5.5 years for the supplemental
cohort.
Of the 5888 participants at baseline, 5174 matched to block

groups with available census data. Of these, 47 were excluded
because they matched to block groups with less than 100
persons, less than 30 housing units per block, or with 33% or
more persons in group quarters. Seventeen participants were
excluded because information on education was unavailable
and an additional 32 participants were excluded because
their race was neither black nor white. Four participants who
died were excluded because no information on cause of death
was available leaving a total of 5074 participants in 908 block
groups available for analysis (median of three participants
per block group).
Because of important race differences in the distribution of

neighbourhood characteristics and personal socioeconomic
indicators, analyses were stratified by race and different
categories (based on the race specific distributions) were
used in each race. Patterns were roughly similar in both sexes
and tests for interaction were not statistically significant in
final models. Results for final models are therefore presented
for both sexes combined and adjusted for sex. Baseline values
of neighbourhood characteristics and personal socioeconomic
indicators were compared for participants who died and who
did not die over follow up (as well as for participants who
died of cardiovascular disease and those who died of other

causes) using linear and logistic regression. Mortality rates
were calculated by dividing the number of deaths by the
person years of follow up within race specific groups of
neighbourhood score. Proportional hazards regression was
used to obtain hazard ratios of death by groups of
neighbourhood score after adjustment for age and sex and
after additional adjustment for personal income, education,
and occupation. Models for cardiovascular disease mortality
were rerun after adjustment for prevalence of cardiovascular
disease and baseline levels of cardiovascular risk factors.
There was no evidence that the hazards were not proportional
over the follow up period studied. Tests for trend were
performed by introducing neighbourhood groups as an
ordinal variable in regressions. In analyses focusing on
specific causes of death, deaths attributable to other causes
were treated as censored at the time of death. Differences in
associations of neighbourhood characteristics with cardio-
vascular mortality and non-cardiovascular mortality were
tested using the approach proposed by Lagakos.22

Table 5 Baseline individual level covariates for participants in lowest and highest
neighbourhood score groups for the full sample and for propensity score matched pairs,
the cardiovascular health study, 1989–1993

Full sample (n = 2890)
Propensity score* matched pairs
(n = 1010, 505 matched pairs)

Group 1 (Lowest)
n = 1390

Group 3 (Highest)
n = 1434

Group 1 (Lowest)
n = 505

Group 3 (Highest)
n = 505

% Female 59 56 58.2 57.2
Mean age 72.7 72.9 72.6 72.7
Income (% distribution)
,$5000 5.9 0.8 1.0 1.8
$5000–$7999 11.0 2.4 5.9 4.6
$8000–$11999 14.8 5.3 9.9 9.5
$12000–$15999 19.6 8.9 14.1 16.0
$16000–$24999 20.7 14.9 25.7 24.6
$25000–$34999 14.0 15.3 16.4 18.2
$35,000–$49999 4.9 14.6 9.7 10.3
>$50000 4.5 28.8 10.5 8.3
Unknown 4.8 9.0 6.9 6.7
Education (% distribution)
Less than complete high school 42.0 10.6 20.0 22.4
Complete high school 39.2 33.0 48.3 46.9
1–3 years college 8.9 18.1 16.4 13.5
Complete 4 year college 5.4 20.0 8.1 11.1
Graduate school 4.5 18.3 7.1 6.1
Occupation (%distribution)
Professional/technical/
managers

25.3 47.2 37.4 36.1

Sales/clerical/service 13.9 18.3 17.6 21.4
Craftsmen/machine operators/
farming/forestry

25.0 6.4 12.9 14.9

Homemaker 24.5 21.7 22.0 19.3
Other/missing 11.3 6.4 10.1 8.3

*Propensity scores constructed by modelling the odds of living in the lowest neighbourhood tertile (compared with
the highest tertile) as a function of age, sex, income (nine categories shown), education (five categories shown),
occupation (five categories shown), the interactions of sex with all other covariates, and all two way interactions
between income, education, and occupation. For the full sample, distributions of income, education, and
occupation differed significantly across groups (p,0.0001 for all three). For the propensity score matched sets,
distributions of income, education, and occupation did not differ significantly across groups (p = 0.8 for income;
p = 0.3 for education; and p=0.5 for occupation).

Key points

N Neighbourhood disadvantage is associated with
increased cardiovascular disease mortality in US white
people over 65 years of age.

N These associations seem to be independent of personal
socioeconomic indicators.
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As an alternative to standard multivariable adjustment, we
estimated propensity scores for living in the lowest category
of neighbourhood disadvantage compared with the high-
est.23 24 Propensity scores were constructed by modelling the
odds of living in the lowest neighbourhood tertile (compared
with the highest tertile) as a function of age, sex, income,
education, occupation, the interactions of sex with all other
covariates, and all two way interactions between income,
education, and occupation. Models for propensity scores were
also run including prevalence of cardiovascular disease and
baseline cardiovascular risk factors. Regression models to
estimate hazard ratios of death in lowest compared with
highest tertile of neighbourhood score were then rerun on
propensity score matched pairs,25 with each person in the
lowest neighbourhood tertile matched to another in the
highest tertile with a similar propensity score (equal in the
first three digits). Observations that could not be matched
were excluded from propensity score analyses.
In addition to estimating hazard ratios associated with

neighbourhood characteristics we estimated the rate
advancement period26 for persons living in the most
disadvantaged tertile compared with the most advantaged
tertile. The rate advancement period is estimated by compar-
ing the coefficient for the exposure of interest with the
coefficient for the baseline age effect in the same model. It is
appropriate for events that increase monotonically with age
(as do most chronic diseases), and for situations in which the
timing of events (that is, when the event occurs as compared
with simply whether it occurs) is of special interest (as in the
case of death). The rate advancement period is a measure of
the time period by which the rate of disease is advanced
among exposed subjects. For example, a rate advancement
period of five years for exposed subjects would imply that the
effect of exposure is equivalent to an increase of five years in
baseline age). In proportional hazards models SUDAAN

27 was
used to account for potential within neighbourhood correla-
tions in outcomes. Results were virtually identical to those
obtained using standard regression approaches, suggesting
that within neighbourhood correlations in the outcomes was
negligible. Because the structure of the data (with compara-
tively few participants per block group) limited our ability to
partition variance in the outcome into within and between
neighbourhood components, multilevel models were not
used. This research was approved by the appropriate ethics
committees and conformed to the principles embodied in the
Declaration of Helsinki.

RESULTS
There were 1346 deaths among the 5074 participants, of
which 575 (43%) were attributable to cardiovascular disease.
White participants who died over the follow up were
generally more likely to live in disadvantaged neighbour-
hoods at baseline than those who did not (table 1). In
addition, white participants who died of cardiovascular
causes were even more likely to live in disadvantaged
neighbourhoods than those who died of non-cardiovascular
causes. In general, similar patterns to those observed for
white participants were present in black participants (table 2),
although the number of black participants was small, and
differences were sometimes not statistically significant.

All cause mortality rates generally decreased with increas-
ing neighbourhood score (table 3). There was no evidence of
multiplicative interaction between gender and neighbour-
hood characteristics for all cause, cardiovascular, or non-
cardiovascular disease mortality in white or black partici-
pants. In white participants, associations of neighbourhood
score with mortality were reduced after adjustment for
income, education, and lifetime occupation (table 4), but
differences between the worse off and best off neighbour-
hood categories remained for cardiovascular deaths. Living in
the most disadvantaged neighbourhood tertile was associated
with a 50% higher hazard of cardiovascular death, after
adjustment for income, education, and lifetime occupation.
Neighbourhood characteristics were not associated with non-
cardiovascular deaths in white participants (p value for
difference in associations of neighbourhood characteristics
with CVD deaths and non-CVD deaths ,0.001). In black
participants, the highest risk of all cause mortality and
cardiovascular disease mortality was observed in the middle
neighbourhood category but consistent trends across cate-
gories were not observed and there was no evidence that
associations of neighbourhood characteristics with mortality
differed by cause of death. Results reported in table 4 were
virtually identical after additional adjustment for study site.
Interactions between site and neighbourhood tertile were not
statistically significant in any of the models.
In white participants, neighbourhood characteristics were

still associated with cardiovascular death after controlling for
age, sex, income, education, and occupation when analyses
were restricted to the 3268 persons without prevalent
cardiovascular disease at baseline (HR 1.8 95%CI 1.2 to 2.6
and 1.6 95%CI 1.2 to 2.3 for lowest neighbourhood score
group and middle neighbourhood score group, respectively).
In the full sample of white participants, associations were
weakened but persisted after controlling for prevalent clinical
disease and cardiovascular risk factors at baseline in
proportional hazards regression models (hazard ratios (95%
CI): 1.3 (1.0 to 1.7) and 1.2 (0.9 to 1.5) for the lowest and
middle neighbourhood score groups, respectively; p for trend
across groups: 0.03).
As expected there were important differences in personal

socioeconomic indicators between the lowest and highest
neighbourhood score groups (table 5). Propensity score
matching reduced the number of participants available for
analysis but resulted in adequate balance of relevant
covariates across both groups (table 5). Associations between
neighbourhood disadvantage and cardiovascular death
remained, even when analyses were restricted to 505
matched propensity score pairs (HR for the lowest compared
with the highest neighbourhood score group: 1.6 95%CI 1.1
to 2.5), with scores based on age, sex, income education, and
occupation as described in the Methods section. When
baseline prevalence of cardiovascular disease and cardiovas-
cular risk factors were included in the propensity score
model, neighbourhood disadvantage continued to be asso-
ciated with increased hazard of cardiovascular death (HR 1.4
95%CI 0.9 to 2.1 based on 908 participants in 454 matched
pairs), although possibly because of reduced sample size the
confidence interval was wide and included 1.
In white participants, the increased risk of cardiovascular

death associated with living in the most disadvantaged third
of neighbourhoods was equivalent to being four years older
at baseline (rate advancement period 4.1 95%CI 1.6 to 6.6).
When low income persons (incomes,$16 000) residing in
the most disadvantaged third of neighbourhoods were
compared with high income persons (incomes of $35 000 or
more) residing in the most advantaged third, the rate
advancement period was 9.7 years (95% CI 5.8 to 13.6) for
cardiovascular deaths in white participants.

Policy implications

Policies to prevent cardiovascular disease may need to take
account of features of residential environments.
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DISCUSSION
Among white elderly adults, living in the most disadvantaged
third of neighbourhoods was associated with a 50% increased
hazard rate of cardiovascular death over an eight year follow
up, even after accounting for personal income, education,
and lifetime occupation. No increased risk was observed for
non-cardiovascular causes. Among black study participants,
point estimates indicated a 20% and 40% increased hazard
rate of cardiovascular deaths and non-cardiovascular deaths
respectively, but the limited number of black participants
resulted in wide confidence intervals. For cardiovascular
deaths in white participants, the increased risk of death
associated with living in the most disadvantaged third of
neighbourhoods was equivalent to the increased risk con-
ferred by being four years older at baseline.
To date, several studies have investigated the relation

between area or neighbourhood of residence andmortality.28–35

None focused specifically on elderly cohorts, but among
studies that stratified results by age associations seem to
weaken or disappear in older participants.28 32 36 Anderson et
al28 found no association between census tract income and all
cause mortality in persons 65 years of age or over after
controlling for personal income. Waitzman and Smith36 and
Haan et al32 also found no association between poverty area
residence and mortality in older adults. The absence of
associations of area characteristics with mortality in the
elderly may result from substantive differences in neighbour-
hood effects, from survivor effects, or from the fact that
estimates using ratio measures usually decline when the
baseline risk increases (as death rates do with age). In our
analyses, neighbourhood characteristics were associated with
cardiovascular disease mortality, but not with non-cardio-
vascular disease mortality, in white participants aged 65 years
and over. No differences in associations by cause of death
were observed in black particpants but sample size was small.
Small numbers made it impossible to examine associations
with specific causes within the non-cardiovascular deaths.
The stronger effect observed for cardiovascular deaths is

consistent with work in middle aged cohorts reporting
differences in coronary heart disease incidence across
neighbourhoods.37 The presence of this differential suggests
that investigation of the specific processes through which
residential environments could affect cardiovascular health is
warranted. This may entail studying the relation between
specific physical and social features of spatial contexts
relevant to the elderly and specific behaviours, psychosocial
attributes, or biological processes. The fact that associations
were present even among persons with no prevalent disease
at baseline suggests that differences are not attributable
exclusively to precipitation of death in persons with prior
disease. Associations with cardiovascular death also persisted
after controlling for traditional cardiovascular risk factors.
However, because of limitations in multivariable adjustment
techniques to separate ‘‘direct’’ and ‘‘indirect’’ effects38 we
caution against concluding that associations of neighbour-
hoods with cardiovascular risk are not mediated (at least in
part) by cardiovascular risk factors.
The weaker patterns observed in black participants are

consistent with other work showing weaker associations of
neighbourhood characteristics with cardiovascular risk in
black persons than in white persons in other US samples.37

However, differences in the range of neighbourhoods
compared in both race groups, as well as sample size
differences, make it difficult to draw firm conclusions
regarding interactions of neighbourhood characteristics with
race from these data.
Although many individual level variables controlled for in

studies of neighbourhood health effects (including this
study) may be thought of as mediators rather than

confounders of these effects, insufficient control for possible
individual level confounders continues to be a key criticism of
this work. Measures of personal income, education, or
occupation (which may be related to the likelihood of living
in a disadvantaged neighbourhood and are also related to
mortality) are viewed as key confounders. Traditional multi-
ple regression adjustment strategies are limited in controlling
for these factors because there is often comparatively little
overlap in the personal income, education, and occupation
distributions for persons living in very different neighbour-
hoods. Thus model estimates may be based on extrapolations
based on assumptions that cannot be directly examined in
the data.
As a way to address this criticism, we used propensity score

matching to confirm the results obtained from multiple
regression. Propensity score matching restricts the analysis to
persons with comparable propensity scores, and hence
comparable levels of individual level risk factors, as shown
in table 5. Thus the criticisms that estimates are based on
extrapolations beyond the ranges supported by the data are
no longer valid. In propensity score analyses, living in the
most disadvantaged neighbourhood tertile continued to be
strongly and significantly associated with cardiovascular
death in white participants ( HR 1.6 95%CI 1.1 to 2.5). This
estimate was in fact quite similar to that obtained from the
multiple regression models. It is of course possible that
measurement error in individual level socioeconomic mea-
sures (including the limitations of income as a marker for
personal wealth in the elderly population),39 may have
resulted in overestimates of the relation between neighbour-
hood characteristics and mortality, even when propensity
scores were used. An additional limitation of propensity score
matching is that the analysis is necessarily restricted to the
matched sets that may not be representative of the full
sample. This approach however, is preferable to approaches
that include propensity scores in the regression model using
the full data because it ensures that the observations used to
estimate the association of interest are truly comparable on
the confounders (as shown in table 5). Our results from the
propensity score matched analysis strengthens the evidence
that the associations observed are not attributable to
inadequate adjustment for measured personal socioeconomic
indicators in standard multiple regression models.
A limitation of investigating neighbourhood effects on

mortality in an elderly cohort is that elderly persons who
reside in poor neighbourhoods may be a healthy subsample
simply because they are selected for having survived into old
age despite living in disadvantaged environments. This could
result in underestimates of true neighbourhood effects. In
our analyses, estimates of neighbourhood differences were
based on place of residence at the time of the baseline
examination of the cohort. The cohort was quite stable over
follow up. Information on block group of residence for the
latest updated address available in 1998 was obtained for
4665 study participants (92% of the sample included in these
analyses). Of these, 73% lived in the same block groups at
both times. Among those who had moved, 49% remained in
the same tertile of neighbourhood score, 25% had moved up,
and 26% had moved down. Although short term effects of
place of residence on mortality in the elderly are plausible, it
may be that residential environments over the life course,
rather than place of residence in old age, is particularly
relevant to longevity. Unfortunately, information on long
term residence before enrolment in the study was unavail-
able, and the extent to which features of place of residence in
old age are correlated with features of places earlier in life (or
with socioeconomic position earlier in life) in this sample
cannot be established. Moreover, the lag times over which
neighbourhood effects may operate may differ for different
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types of health outcomes. The investigation of these more
complex questions requires studies that follow up places and
people over time.
The CHS sample was drawn from only four study sites.

Although the range of block group characteristics represented
was quite large, these block groups are obviously not a
random sample of the US block groups and are therefore not
representative of the whole country. It is possible that
national studies, or studies focusing on large urban areas
(which our sample did not include), may find different
results. Unfortunately the structure of the data, with few
people per neighbourhood, did not permit modelling of
between and within neighbourhood variability in the out-
come using multilevel models. Nevertheless, the presence of
multiple neighbourhoods does permit adequate estimation of
the fixed effects of neighbourhood level variables (our main
research question).40

An additional limitation of these analyses is the use of
census defined block groups as proxies for the spatial
contexts relevant to health of the elderly population. Block
groups are obviously very crude proxies for the different types
of areas potentially relevant to the health of elderly people.
Mis-specification of the relevant context may have limited
our ability to detect neighbourhood contextual effects. The
summary neighbourhood score we used may be an inade-
quate proxy for the features of neighbourhoods that may be
relevant to the health of the elderly population. The
observational nature of the study also makes it impossible
to conclude from these data alone that the associations we
observe reflect causal processes. Our results show that in the
white population (among whom sample size was largest)
neighbourhood disadvantage was associated with increased
risk of cardiovascular death. Similar associations were
observed when analyses were restricted to propensity score
matched sets, suggesting that these associations do not result
from inadequate adjustment for measured socioeconomic
indicators in standard multivariate models. Further work
that elucidates the processes possibly underlying this
association may help develop more effective policies to
prolong life in elderly adults.
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