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Objective. We examined whether the influence of neighborhood-level socio-
economic status (SES) on mortality differed by individual-level SES.

Methods. We used a population-based, mortality follow-up study of 4476
women and 3721 men, who were predominately non-HIspanic White and aged
25–74 years at baseline, from 82 neighborhoods in 4 California cities. Participants
were surveyed between 1979 and 1990, and were followed until December 31,
2002 (1148 deaths; mean follow-up time 17.4 years). Neighborhood SES was de-
fined by 5 census variables and was divided into 3 levels. Individual SES was
defined by a composite of educational level and household income and was
divided into tertiles.

Results. Death rates among women of low SES were highest in high-SES neigh-
borhoods (1907/100000 person-years), lower in moderate-SES neighborhoods
(1323), and lowest in low-SES neighborhoods (1128). Similar to women, rates
among men of low SES were 1928, 1646, and 1590 in high-, moderate-, and low-
SES neighborhoods, respectively. Differences were not explained by individual-
level baseline risk factors.

Conclusion. The disparities in mortality by neighborhood of residence among
women and men of low SES demonstrate that they do not benefit from the higher
quality of resources and knowledge generally associated with neighborhoods
that have higher SES. (Am J Public Health. 2006;96:2145–2153. doi:10.2105/
AJPH.2004.060970)

intervention study.19–21 Participants were
drawn from 2 treatment (Monterey, Salinas)
and 2 control (Modesto, San Luis Obispo)
cities in Northern California with populations
that ranged from 35000 to 145000 resi-
dents in 1980.

Our analysis included adults, aged 25–74
years, who were English- or Spanish-speaking
and who participated in 1 of 5 separate cross-
sectional surveys that were conducted from
1979 to 1990. For each survey, the sampling
unit was the household. All dwellings were
enumerated and households were randomly
selected from directories that contained a list
of dwellings. To avoid the possibility of clus-
tering of risk factors by household, 1 woman,
1 man, or 1 of each was randomly selected
from each household, and results were strati-
fied by gender. Sample sizes by survey were
1603 in survey 1 (1979–1980), 1652 in
survey 2 (1981–1982), 1763 in survey 3
(1983–1984), 1682 in survey 4 (1985-
1986), and 1719 in survey 5 (1989-1990).
Because few or no significant changes in risk
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An established body of contextual studies in
the United States has demonstrated that
neighborhood indicators of socioeconomic
status (SES) predict individual mortality.1–9

Most studies show significant, but modest
neighborhood effects after they account for
individual SES and other factors. These stud-
ies have focused on the main effect of neigh-
borhood SES on mortality. However, several
studies in the United States and elsewhere
have examined the cross-level interaction be-
tween individual and neighborhood SES on
mortality,6,8,10,11 which provides the opportu-
nity to explore whether neighborhood effects
are different for women and men of low and
high SES. For example, adults of low SES in
high-SES neighborhoods might experience a
lower risk of dying than adults of low SES in
low-SES neighborhoods, because they bene-
fit from the collective resources in their
neighborhoods.6,12–15 Alternatively, adults of
low SES in high-SES neighborhoods might
experience a higher risk of dying because of
relative deprivation, low relative social stand-
ing, or both.16–18

Our study adds to previous work by using
a population-based sample, extended mortal-
ity follow-up (mean 17.4 years), comprehen-
sive survey and medical data, and geocoded
data about neighborhood goods and services.
Two study questions were examined: (1) does
neighborhood SES exert a different effect on
risk of dying for women and men of high,
moderate, and low SES, and (2) are any dif-
ferences explained by individual baseline
sociodemographic characteristics, health be-
haviors, risk factors, health status, causes of
death, and proximity to goods and services
near participants’ homes.

METHODS

Design and Sample
Data are from the Stanford Heart Disease

Prevention Program, a cardiovascular disease

factors21,22 and morbidity or mortality23 were
found between treatment and control cities,
all cities were combined.

Nurses and laboratory technicians collected
survey and medical data at centers in the 4
cities. Response rates for the 5 surveys were
65%, 69%, 65%, 56%, and 61%, respec-
tively. All participants were able to attend a
2-hour clinic visit at baseline that included
a physical activity assessment using a station-
ary bicycle. A questionnaire was completed
for eligible individuals who declined to partic-
ipate in the study (75% response). There
were no significant differences between re-
spondents and nonrespondents for age, gen-
der, or body mass index (P ≥ .20), and only
slight differences by educational level (mean
years of education 13 vs 12 for respondents
vs nonrespondents).21

Death Certificate Match
California death records were used to de-

termine which participants had died through
December 31, 2002, and to ascertain the
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underlying cause of death. Registration of
deaths is almost 100% complete in Califor-
nia. To determine who had died, we used a
multistep matching algorithm, based on parts
and combinations of names, dates of birth,
street addresses, and social security num-
bers, that evaluated data errors and name
changes.20

Neighborhood Definition
To characterize neighborhoods by census

data, we decided a priori to use census-
defined boundaries based on census tracts,
block groups, or both; both of which have
been used as proxies for geographically based
neighborhoods.7,24,25 Before deciding on the
final boundaries we (1) made site visits to
each city to obtain archival neighborhood
maps from 1980 to 1990 and to solicit ad-
vice from city planners about how each city
defined its neighborhoods during the time of
the surveys, and (2) compared census tracts
and block group boundaries from the 1980
and 1990 census. Most of the single census
tract or block group boundaries corresponded
well with neighborhoods defined on city maps.
When there was a difference, we used either
a combination of block groups (N=16 in
1980, N=9 in 1990) or of census tracts (N=
3 in 1990) to represent neighborhood bound-
aries. There were only 7 neighborhoods (out
of 82) for which boundaries did not match
exactly in 1980 and 1990 (5 in Monterey
and 2 in San Luis Obispo). In each case, we
matched boundaries as closely as possible by
using a combination of census tract or block
group boundaries. We defined a final sample
of 82 neighborhoods was defined; the same
boundaries were used for all 5 surveys.

Although data were clustered by neighbor-
hood, the intraclass correlation was very low
(.007), which indicated that one person’s
mortality was unlikely to affect another per-
son’s mortality in the same neighborhood.
The intraclass correlation was computed ac-
cording to the formula provided for a multi-
level logistic model.26

Address Geocoding
Participants’ addresses were geocoded to

identify in which of the 82 neighborhoods
they lived. To test the accuracy of the
geocodes,27 we used the federal government

geocoding Web site as the standard,28 and
found that more than 95% of a random sam-
ple of 173 addresses geocoded to the same
1990 census tract as the geocoding service
that we used. Participants who reported an
address that was not within one of the cities
(N=84/1.0%) and participants whose ad-
dresses were not able to be geocoded (N=
138/1.6%) were excluded, which resulted in
a final analytic sample size of 8197 partici-
pants. There was an average of 21 and a
median of 17 participants per neighborhood,
calculated separately by survey.

Neighborhood-Level Socioeconomic
Status

To characterize neighborhood-level SES, we
conducted an index based on a principal com-
ponents analysis with 11 SES-related variables
from the 1980 US census. We identified the
following 5 variables that had the highest co-
efficients on the first component and explained
72% of the total variance: percentage aged 25
years and older with less than a high-school
education, median annual family income, per-
centage blue collar workers, percentage unem-
ployed, and median housing value. Correla-
tions among the 5 variables ranged from 0.50
to 0.85. When constructing the index, 1980
census data were used for the first survey
(1979–1980) and 1990 census data were
used for the fifth survey (1989–1990). For the
remaining surveys, the index was estimated
using linear interpolation. Each of the 5 vari-
ables were standardized separately by city and
survey and summed with equal weights for
each of the 82 neighborhoods in each survey.
Because previous research suggests that neigh-
borhood effects are nonlinear,25,29,30 the index
was then divided into 3 groups: low SES (bot-
tom 25%), moderate SES (middle 50%), and
high SES (top 25%), which were calculated
separately by city and survey.

Individual-Level Measures
Individual-level measures included all-

cause mortality (death from any cause); spe-
cific causes of death (according to codes in
International Classification of Diseases, Ninth
Revision31); time to death (number of years
from baseline survey to death or censoring
[December 31, 2002]); demographic factors
(gender, age, race/ethnicity, marital status,

years lived in the community); and socioeco-
nomic status. A composite SES index was
created and conceptualized as a relative
standing measure within each city and over
time. The index was based on the mean of
individual education (<12 years, 12 years,
13–15 years, ≥16 years) and annual house-
hold income (expressed as a percentage of
the federal poverty level specific to family
size: 0–200%, 201–400%, 401–600%,
≥601%). For each individual, the education
and income categories were averaged to cre-
ate an SES index that was used to classify in-
dividuals into 3 approximately equal groups
(tertiles), calculated separately by city, sur-
vey, and gender. The Spearman correlation
between education and income was 0.33.
Additional individual-level measures included
health behaviors and risk factors (obesity,32

smoking,33 hypertension,34 hypercholesterol-
emia, physical inactivity, alcohol intake,35

anger, trouble sleeping, and cardiovascular
disease knowledge21); health status (illness
and hospitalized days); and proximity to
neighborhood goods and services derived
from the number of health care-related re-
sources, basic amenities, and other stores and
restaurants within a 0.5-mile buffer zone of a
participant’s home on the basis of 7235
items, geocoded from historical telephone
books, data from Parks and Recreation De-
partments, and the California Department of
Education, specific to each survey year.

Analytic Approach
Age-standardized death rates per 100000

person-years were calculated for the follow-
up period by dividing the number of deaths
by the number of person-years of follow-up.
Direct age standardization, using 10-year age
strata, was used with the full sample as the
standard population. Age-adjusted, and age-
and risk factor–adjusted hazards ratios were
calculated with the PHREG procedure in
SAS version 9.1.3 (SAS Institute Inc., Cary,
NC), using people of high SES in high-SES
neighborhoods as the referent category. The
baseline risk factors used in the age- and risk
factor–adjusted rates were obesity, smoking,
hypertension, hypercholesterolemia, physical
inactivity, and alcohol intake. Death rates
and hazard ratios were calculated for women
and men separately and were stratified by
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individual and neighborhood SES, with 95%
confidence intervals.36

Survival curves, stratified by individual SES
and neighborhood SES, were estimated with
time to death or censoring at December 31,
2002,37 adjusting for age as a continuous
variable using the SAS PHREG procedure.38

A Cox proportional hazards model was used
to test for differences between survival
curves. This is the standard model for ana-
lyzing survival curves,39 and previous neigh-
borhood studies have used similar ap-
proaches.4,7,24,25 The Cox model included age
as a continuous variable, centered at mean
age,40,41 individual SES and neighborhood
SES (both coded –0.5, 0, +0.5 on an ordinal
scale), and an interaction term between indi-
vidual SES and neighborhood SES. Separate
models were estimated for women and men.
The model was repeated, and 6 baseline risk
factors were added in as covariates (obesity,
smoking, hypertension, hypercholesterolemia,
physical inactivity, and alcohol intake) to test
whether these individual risk factors ex-
plained differences in survival.

RESULTS

There were 4476 women and 3721 men
in the sample. Approximately 83% were non-
Hispanic Whites, 11% were Hispanic, and
6% were of other racial/ethnic backgrounds.
Sixty-nine percent were married and 78%
had lived in their community 5 years or
longer. Women and men from all education
and income levels were adequately repre-
sented. By the end of follow-up, there were
575 deaths among women and 573 deaths
among men.

Each of the 5 census variables in the neigh-
borhood SES index showed substantial vari-
ability across neighborhood SES; high-SES
neighborhoods had the most advantageous
characteristics. For example, in 1980, the mean
percentages of study subjects who had a high-
school education or more in high-SES and low-
SES neighborhoods were 83% and 48%, re-
spectively; mean annual family income was
$24,000 and $14,000, respectively. A similar
pattern was evident for each of the variables in
1980 and 1990 and in each of the 4 cities.

Death rates for women and men who had
moderate and high individual SES showed

no clear pattern by neighborhood SES but
overall were substantially lower than those
for women and men of low SES (Table 1).
By contrast, death rates among women who
had low SES were highest in neighborhoods
of high SES (1907 per 100000 person-
years), lower in neighborhoods of moderate
SES (1323), and lowest in neighborhoods of
low SES (1128). Similar to those among
women, death rates among men who had
low SES were 1928, 1646, and 1590, re-
spectively, in neighborhoods of high, moder-
ate, and low SES. The 95% confidence in-
tervals indicate that the higher death rates
for women and men who had low SES in
neighborhoods of high SES were signifi-
cantly different from all other groups. This
effect was evident in each of the 4 cities and
when restricted to non-Hispanic Whites
(sample sizes were too small to examine His-
panic respondents separately).

Age-adjusted hazard ratios followed a simi-
lar pattern. The risk of death, as indicated by
the hazard ratios for women and men of low
SES in neighborhoods with high SES, was
70% and 74% higher, respectively, than the
risk of death for women and men of high SES
in neighborhoods with high SES (Table 1).
There was little change in the hazard ratios
after adjustment for age and the 6 baseline
risk factors.

The survival curves that examined at what
time point mortality differences were first ap-
parent showed that all women and men who
had low SES fared poorly as the curves began
to separate (Figure 1). In particular, between
10 and 15 years of follow-up, the curves for
women and men of low SES in neighbor-
hoods of high SES separated disproportion-
ately. The probability of dying at 10–15 years
follow-up (conditional on survival to 10 years)
was 11.6% for women of low SES in high-SES
neighborhoods, compared with 6.7% and
2.8% for women of low SES in moderate- and
low-SES neighborhoods, respectively. For men
of low SES, the probability of dying was
10.4%, 7.7%, and 6.5% in high-, moderate-,
and low-SES neighborhoods, respectively
(data not shown). The cross-level interaction
term from the Cox model was significant for
both women and men (P<.04 for women
and<.001 for men), which indicates that the
patterns across neighborhoods differed by

individual SES. The results of the cross-level
interaction were primarily because the sur-
vival curve for individuals who had low SES
in high SES neighborhoods was different from
the survival curves of all other individual SES
and neighborhood SES categories. The inter-
action term remained significant for both
women and men (P <.04 for women and
<.01 for men) when the Cox model was re-
peated and the 6 individual-level baseline risk
factors were added in. It was also significant
when repeated for non-Hispanic Whites only
(P<.03 for women and<.01 for men).

At baseline, individuals who had low SES in
high-SES neighborhoods had significantly
higher levels of education, higher median
household income (men only), lower preva-
lence of obesity (women only), and higher lev-
els of cardiovascular disease knowledge, al-
though they also had higher mean age and
higher prevalence of hypertension (men only)
than did individuals who had low SES in low-
SES neighborhoods (P <.05) (Table 2). There
were no significant differences in health status
or causes of death. Consistent with past litera-
ture, individuals who had low SES tended to
have higher risk factors than did individuals
who had high SES, regardless of the neighbor-
hood in which they lived. An ancillary survival
analysis, conducted using a subsample of
4446 women and 3680 men who had almost
identical age distributions across the 9 individ-
ual and neighborhood SES groups, found the
same pattern of results, which demonstrates
that the differences in age at baseline across
subgroups did not explain the results.

The analysis of geocoded goods and ser-
vices showed that individuals who had low
SES in high-SES neighborhoods had signifi-
cantly more resources for health care (e.g.,
primary care physicians and health care clin-
ics) near their homes than did their counter-
parts in low-SES neighborhoods (Table 3).
There were no clear patterns for other basic
goods and services. For example, individuals
of low SES in high-SES neighborhoods had
slightly fewer basic amenities near their
homes (e.g., grocery stores, banks) but indi-
viduals of low SES in low-SES neighborhoods
had substantially more stores near their
homes that were often considered detrimental
to health (e.g., convenience stores, alcohol
outlets).
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TABLE 1—Death Rates and Hazard Ratios (With 95% Confidence Intervals [CIs]) From Cross-Tabulation 
of Neighborhood and Individual Socioeconomic Status (SES) for Women and Men Aged 25–74 Years: 
Stanford Heart Disease Prevention Program, 1979–1990

Age-Standardized Death Rates Age-Adjusted Age- and Risk Factor–Adjusted 
per 100 000 Person Years (95% CI) Hazard Ratios (95% CI) Hazard Ratiosa (95% CI)

High Moderate Low High Moderate Low High Moderate Low 
Individual Neighborhood Neighborhood Neighborhood Neighborhood Neighborhood Neighborhood Neighborhood Neighborhood Neighborhood 

SESb SES SES SES SES SES SES SES SES SES

Women

Low (n=1015) 1907 (1773,2040) 1323 (1282,1363) 1128 (1073,1183) 1.70 (1.20,2.41) 1.56 (1.15,2.11) 1.42 (1.01,2.00) 1.64 (1.14,2.21) 1.40 (1.01,1.94) 1.35 (0.94,1.95)

Moderate (n=1817) 896 (863,929) 684 (666,702) 846 (777,916) 1.39 (0.99,1.94) 1.22 (0.88,1.68) 1.45 (0.92,2.27) 1.46 (1.06,2.13) 1.15 (0.82,1.61) 1.39 (0.85,2.28)

High (n=1644) 687 (665,708) 438 (418,459) 894 (797,991) 1.00c 1.01 (0.70,1.47) 1.49 (0.84,2.66) 1.00c 1.01 (0.68,1.51) 1.50 (0.834,2.69)

Men

Low (n=1173) 1928 (1829,2028) 1646 (1610,1683) 1590 (1505,1674) 1.74 (1.24,2.44) 1.64 (1.22,2.19) 1.38 (0.97,1.96) 1.77 (1.22,2.54) 1.65 (1.20,2.38) 1.40 (0.96,2.03)

Moderate (n=1471) 562 (524,599) 717 (690,744) 720 (631,809) 1.51 (1.08,2.11) 1.41 (1.03,1.92) 1.40 (0.85,2.31) 1.55 (1.09,2.19) 1.43 (1.03,1.99) 1.48 (0.88,2.48)

High (n=1077) 696 (665,727) 562 (524,599) 724 (579,869) 1.00c 1.03 (0.73,1.46) 1.06 (0.57,1.95) 1.00c 1.10 (0.77,1.58) 1.12 (0.60,2.08)

Note. Neighborhood SES was based on 5 US census variables, standardized and averaged to form an index and divided into low (bottom 25%), moderate (middle 50%), and high (top 25%)
categories, calculated separately by city and survey.
aAdjusted for 6 baseline risk factors: obesity, smoking, hypertension, hypercholesterolemia, physical inactivity, and alcohol intake.
bComposite index based on mean of individual education (4 levels) and annual household income (expressed as a percentage of the federal poverty level according to family size) and divided into
approximate tertiles, calculated separately by city, survey, and gender.
cReference category.

DISCUSSION

We examined the interaction between indi-
vidual and neighborhood SES on risk of mor-
tality among a predominately non-Hispanic
White study population, and found excess
mortality among adults who had low SES and
lived in high-SES neighborhoods. This finding
suggests that these individuals do not benefit
from the higher quality of resources and
knowledge generally associated with higher
SES neighborhoods. Although the specific
mechanisms that underlay the excess mortality
are unknown, we consider 2 plausible explana-
tions that are consistent with a relative depriva-
tion model or a relative standing model. These
may act alone or in combination. First, adults
of low SES in high-SES neighborhoods may
experience relative deprivation because they
have less disposable income for essential goods
and services (e.g., food, health care, medica-
tions, and transportation) because of factors
such as higher housing costs. Higher costs in
high-SES neighborhoods might also create a
need for adults of low SES to work longer
hours and therefore have less time to maintain
or adopt healthy behaviors. Furthermore,
adults of low SES in high-SES neighborhoods
may live farther from essential goods and

services or be more removed from social ser-
vices and other resources (e.g., free community
clinics, subsidized food and housing) than are
adults who have low SES in low-SES neigh-
borhoods. This may be particularly problem-
atic if they also have limited access to trans-
portation. We found little support for this from
our analysis of geocoded goods and services.
Adults of low SES in high-SES neighborhoods
had more primary care physicians and health
care clinics near their homes, as well as fewer
grocery stores and banks, and fewer conve-
nience stores and alcohol outlets (the latter 2
have been linked with negative health out-
comes).42,43 Although proximity assures neither
access nor quality, and goods and services may
be used outside of neighborhoods, our data
suggest that proximity to essential goods and
services do not explain our findings.

A second explanation for the excess mor-
tality among adults of low SES in high-SES
neighborhoods may be their low relative
standing in their communities. It has long
been suggested that the discrepancy between
an individual’s social position relative to oth-
ers in his or her community may influence
risk of death.16,44–46 Low social position may
also be associated with fewer resources to
cope with stressful life events, lack of social

support, and low sense of control, which may
result in real or perceived social isolation,
discrimination, or other psychosocial stress-
ors.18,44–50 This explanation is consistent with
the finding that a range of psychosocial fac-
tors may affect health, either indirectly by
influencing health behaviors, or directly by
influencing neuroendocrine or immune
functioning.50

It is important to note that there may be
unrecognized benefits that adults of low SES
gain from living in higher SES neighbor-
hoods. It is possible, for example, that adults,
despite having higher mortality, may benefit
from a higher quality of life in other unmea-
sured ways or that their children may benefit
from amenities in such neighborhoods, such
as safer and higher quality schools.51,52

Previous Studies
Several studies have examined the cross-

level interaction between individual and
neighborhood SES on mortality.6,8,10,11 Two of
these studies were conducted in the United
States and 2 were done in Canada. One study
showed no significant cross-level effects8 and
the other 3 studies showed results in the
same direction as ours.6,10,11 Yen and Kaplan6

used data from Alameda County, California,
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FIGURE 1— Age-adjusted survival curves, by individual-level and neighborhood-level SES for women (a) and men (b).

and found that low-income adults in neigh-
borhoods that had the highest SES had a sig-
nificantly higher risk of death than did low-in-
come adults who lived in neighborhoods with
the lowest SES (odds ratios of 5.51 vs 1.98;
no confidence intervals were reported). This
association persisted after they adjusted for a
wide range of individual sociodemographic
factors and risk behaviors. In 2 recent studies
from Canada, Veugelers et al.10 and Roos et
al.11 used data from Nova Scotia and Mani-
toba and found that low-income adults in ad-
vantaged neighborhoods had a significantly
higher mortality risk than did low-income
adults in disadvantaged neighborhoods. Their

findings were consistent for both provinces
but the results were significant only in Mani-
toba where the sample size was 4 times the
sample in Nova Scotia.

Strengths and Limitations
The strengths of our study include the use

of a population-based sample, extended mor-
tality follow-up of 17 years, careful assessment
of geographic neighborhood boundaries, virtu-
ally complete addresses for geocoding, valida-
tion of geocodes, assessment of neighborhood
goods and services, and survey data that were
comprehensive, consistent over time, and
highly complete.21 The unusually high rate of

geocoding (97%–99%) was achieved for all
survey years because addresses were enumer-
ated in person and verified by study center
nurses so that medical results could be sent to
participants.

Our study also has limitations. Our death
match was based on California death records
that miss residents who die outside of Cali-
fornia. We assessed the completeness of our
California death match by conducting a
death match that used both California and
national death records for the first survey
(1979–1980, n=1603 people). There were
few differences: the California death match
identified 260 deaths and the national death
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TABLE 2—Baseline Characteristics and Causes of Death for Women and Men, by Individual and 
Neighborhood Socioeconomic Status (SES)

Low Individual SES Moderate Individual SES High Individual SES

High Moderate Low High Moderate Low High Moderate Low 
Neighborhood Neighborhood Neighborhood Neighborhood Neighborhood Neighborhood Neighborhood Neighborhood Neighborhood 

SES SES SES SES SES SES SES SES SES

Women

Number of participants 159 502 354 542 997 278 753 755 136

Number of deaths 44 100 59 78 108 35 80 55 16

Sociodemographic characteristics

Mean age, y ±SD 52.0 ±16.1 47.8 ±14.8 47.2 ±15.0 46.7 ±14.2 43.9 ±13.8 42.8 ±15.5 46.3 ±12.9 42.9 ±12.8 42.0 ± 15.1

Education ≥high school,% 49.7 32.7 25.1 94.8 94.7 94.6 100.0 100.0 100.0

Median annual household income,$ 13600 13400 10500 26100 24100 20700 42600 39000 33600

Health behaviors and risk factors

Obese (body mass index ≥30),%a 23.1 25.8 35.1 11.2 16.4 15.0 11.0 11.9 11.2

Current cigarette smoker,%b 24.7 28.1 31.8 25.6 28.1 20.5 16.1 20.7 14.0

Hypertensive (≥140/90 mmHg or using 39.5 33.7 30.0 23.9 23.6 21.0 26.7 21.1 23.5

medication),%c

Hypercholesterolemia (≥240 mg/dL),%d 26.0 19.6 20.0 19.7 15.6 13.4 13.4 13.0 9.2

Physically inactive,%e 34.2 32.9 36.2 27.7 30.4 28.1 27.6 29.3 25.0

More than moderate alcohol intake,%f 13.5 8.0 7.1 16.0 13.4 11.4 20.5 16.6 15.7

Anger,mean times per week ±SDg 4.5±9.2 5.2±10.8 5.5±10.0 4.6±6.2 5.3±9.9 4.2± 4.6 4.5±7.5 5.1±9.0 4.0±5.4

Trouble sleeping,%h 27.8 27.2 31.8 17.6 18.1 19.0 14.6 11.2 15.9

High CVD knowledge score,%i 51.7 45.6 34.3 76.0 74.2 69.1 87.7 86.9 86.4

Health status

Illness past year,mean days per y ±SD 24.3 ±72.3 21.0 ±64.5 14.6 ±41.2 9.9 ±33.8 10.1 ±32.9 14.4 ±44.1 8.8 ±36.3 6.0 ±16.7 5.5 ±12.7

Hospitalized past year,mean days per y ±SD 1.6 ±8.0 0.9 ±3.4 1.8 ±8.9 0.5 ±2.6 0.6 ±2.5 1.0 ±7.8 0.7 ±2.7 0.5 ±2.4 0.5 ±3.4

Causes of death,%

Cancerj 29.5 16.0 30.5 30.8 30.6 17.1 36.3 47.3 43.8

CVDk 31.8 49.0 44.1 32.1 35.2 48.6 28.8 29.1 37.5

COPDl 4.5 5.0 8.5 9.0 5.6 11.4 5.0 5.5 6.3

Diabetes mellitusm 6.8 3.0 3.4 2.6 1.8 0.0 2.5 0.0 0.0

All other causes 27.3 27.0 13.6 25.6 26.8 22.9 27.5 18.2 12.5

Men

Number of participants 225 657 291 519 745 207 515 469 93

Number of deaths 64 157 64 76 84 23 54 42 9

Sociodemographic characteristics

Mean age, y ±SD 50.0 ±15.7 45.9 ±15.3 44.6 ±15.8 44.2 ±13.8 42.1 ±12.9 39.0 ±14.0 46.2 ±12.4 44.1 ±12.5 42.8 ±14.2

Education ≥high school,% 72.4 61.4 41.2 97.5 97.7 97.1 100.0 100.0 100.0

Median annual household income,$ $18300 $17700 $15200 $27600 $26100 $22200 $46900 $42600 $38600

Health behaviors and risk factors

Obese (body mass index ≥30),%a 17.0 14.6 19.8 13.8 16.1 12.1 12.9 13.3 9.8

Current cigarette smoker,%b 32.0 36.1 32.3 20.8 27.0 22.7 16.0 20.9 15.2

Hypertensive (≥140/90 mmHg or using 44.1 34.1 30.9 36.0 30.4 23.8 32.5 27.4 26.1

medication),%c

Hypercholesterolemia (≥240 mg/dL),%d 19.4 17.2 14.7 14.3 15.9 9.0 15.4 19.0 16.3

Physically inactive,%e 22.1 23.2 23.2 19.4 20.1 17.9 23.2 24.9 13.3

More than moderate alcohol intake,%f 17.9 17.6 16.2 15.2 18.6 18.0 21.8 18.3 22.0

Anger,mean times per week ±SDg 3.8 ±6.4 4.5 ±7.8 5.4 ±13.0 4.7 ±7.8 4.7 ±7.9 5.2 ±11.0 4.4 ±7.6 4.1 ±5.0 4.7 ±9.0

Trouble sleeping,%h 18.3 18.1 16.8 10.1 9.6 10.2 6.5 8.6 9.9

High CVD knowledge score,%i 51.4 48.1 39.8 73.6 72.7 75.4 87.1 83.7 78.0

Continued
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TABLE 2—Continued

Health status

Illness past year,mean days per y ±SD 9.4 ±40.4 15.9 ±54.5 17.4 ±54.4 7.3 ±31.2 8.7 ±33.9 4.7 ±14.7 6.2 ±31.2 4.4 ±21.4 2.2 ±4.9

Hospitalized past year,mean days per y ±SD 0.6 ±3.1 1.5 ±7.7 1.6 ±9.1 0.7 ±3.8 0.8 ±4.0 0.4 ±2.4 0.6 ±3.2 0.4 ±2.8 0.3 ±1.5

Causes of death,%

Cancer j 23.4 20.4 25.0 19.7 31.0 30.4 31.5 21.4 0.0

CVDk 53.1 43.3 45.3 40.8 36.9 39.1 51.9 35.7 88.9

COPDl 6.3 8.9 3.1 7.9 6.0 4.4 3.7 0.0 0.0

Diabetes mellitusm 3.1 1.3 1.6 0.0 1.2 4.4 0.0 0.0 0.0

All other causes 14.1 26.1 25.0 31.6 25.0 21.7 13.0 42.9 11.1

aClinical measurement, standard definition.32

bEver smoked on daily basis, and smoked ≥ 1 cigarette in the past 48 hours; confirmed by expired air carbon monoxide and plasma thiocyanate.33

cBlood pressure calculated as the mean of second and third measurements, using a semiautomatic recorder.34

dDerived from total serum cholesterol from nonfasting venous samples.
eCurrent activity compared with others of the same gender and age: 7-point scale, with scores 1–3 being considered inactive.
f> 7 drinks/week (women) and > 14 drinks/week (men), standard definition.35

g Times per week felt angry or frustrated.
h6 categories, ≥ 2–3 times/week considered trouble sleeping.
iIndex of 17 questions, scores ≥ 6 considered high knowledge.21

jCancer: ICD-9 codes 140–208.31

kCardiovascular disease: ICD-9 codes 410-411 for coronary heart disease, ICD-9 codes 430–438 for stroke.31

lChronic obstructive pulmonary disease: ICD-9 codes 490–496.31

mDiabetes mellitus: ICD-9 code 250.31

TABLE 3—Number of Neighborhood Goods and Services in Close Proximity to Participant’s Home,
by Individual and Neighborhood SES

Women of Low SES Men of Low SES

High Moderate Low High Moderate  Low 
Neighborhood Neighborhood Neighborhood Neighborhood Neighborhood Neighborhood 

SES SES SES P a SES SES SES Pa

Health care–related resources, ±SD

Primary care physicians 4.5 ±11.3 1.7 ± 4.4 2.5 ±6.4 <.01 5.5 ±12.3 1.9 ±4.9 3.1 ±7.0 <.01

Health care clinics 0.2 ±0.8 0.1 ±0.4 0.0 ±0.2 <.01 0.3 ±0.9 0.1 ±0.4 0.0 ±0.2 <.01

Pharmacies 0.7 ± 1.0 0.8 ±1.1 0.7 ±1.1 .19 0.8 ±1.1 0.8 ±1.0 0.8 ±1.1 .86

Basic amenities, ±SD

Grocery stores 0.3 ±0.6 0.7 ±1.1 0.5 ±0.7 <.01 0.3 ±0.6 0.7 ±1.0 0.5 ±0.6 <.01

Parks/gyms 1.5 ± 1.4 1.5 ±1.2 1.7 ±1.8 .20 1.6 ±1.3 1.5 ±1.2 1.9 ±2.0 <.01

Schools 1.9 ±1.4 1.9 ±1.6 2.0 ±1.6 .68 2.0 ±1.5 2.0 ±1.6 2.1 ±1.7 .37

Day care centers 0.4 ± 0.6 0.4 ±0.8 0.3 ±0.5 <.01 0.4 ±0.6 0.5 ±0.8 0.4 ±0.7 .12

Banks 0.8 ±1.8 1.1 ±1.9 1.4 ±2.7 <.01 1.0 ±2.1 1.2 ±2.2 1.6 ±2.7 <.01

Other stores and restaurants, ±SD 

Fast food restaurants 0.3 ±0.7 0.6 ±1.0 0.2 ±0.5 <.01 0.4 ±0.8 0.7 ±1.1 0.2 ±0.6 <.01

Convenience stores 0.8 ±.2 1.8 ±1.8 2.4 ±2.3 <.01 1.0 ±1.3 1.8 ±1.8 2.4 ±2.3 <.01

Alcohol outlets 1.4 ±3.1 2.8 ±5.3 3.1 ±4.6 <.01 1.9 ±3.6 3.6 ±6.2 3.8 ±5.4 <.01

Note. Numbers of neighborhood goods and services were based on counts within a 0.5-mile radius of a participant’s home.
aFor comparison across neighborhood SES, by analysis of variance.

search identified 18 additional deaths but
missed 13 deaths. The 18 California deaths
identified by the national match but missed

by the California match were fairly evenly
distributed among the 9 individual and
neighborhood SES groups (<2 deaths

missed in all groups, except 6 deaths missed
among individuals who had moderate SES
in moderate SES neighborhoods). We also
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obtained California hospital discharge rec-
ords of participants from the last survey
(1989–1990, n=1719 people with 627 hos-
pitalizations). We repeated the survival
curves for the same 9 individual and neigh-
borhood SES groups and found an almost
identical pattern for hospitalizations as for
mortality.53 There were also higher propor-
tions of Hispanic participants who had low
SES in low-SES neighborhoods (42% for
women, 38% for men) compared with the
other 8 individual and neighborhood SES
groups (2%–28%). Deaths may have been
missed in this group because of reverse mi-
gration, matching errors, or other reasons,
which could result in an underestimate of
the death rate for women or men in that cat-
egory. We do not believe this is the case,
however, given that we found similar results
when we restricted the analyses to White,
non-Hispanic participants.

Another potential limitation is that factors
associated with self-selection into certain
neighborhoods could account for the results
and lead to erroneous conclusions of neigh-
borhood effects. Our neighborhoods were
based on geographically defined census tract,
block group boundaries, or both, and consid-
erable debate exists as to whether such
boundaries represent neighborhoods as de-
fined by their residents.54,55 Finally, we did
not measure the length of time people were
exposed to their neighborhood environments
and whether they lived in the same type of
neighborhood over time (e.g., at time of death
or censoring). Although 78% of participants
reported living in “their community” 5 or
more years, this does not guarantee that they
lived in their census-defined neighborhoods,
or in similar neighborhoods, after the survey.

Implications
Our findings demonstrate how important it

is for health professionals and policymakers
to understand people within the context of
their neighborhoods. The high mortality that
we observed among adults of low SES who
live in high-SES neighborhoods suggests that
they may encounter factors that hinder health
or compromise medical treatment, factors
that may be different from those that affect
adults of low SES who live in low-SES neigh-
borhoods. Our findings also highlight how

important it is for neighborhoods to share col-
lective resources and knowledge to support
all residents. Public health strategies need to
continue to focus on adults who have the
lowest SES in neighborhoods of greatest dep-
rivation in order to reduce health inequalities;
however, our findings also show the need to
focus attention on people of low SES who
live in more advantaged neighborhoods who
represent a potentially “hidden” population at
high risk of death.
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