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Research dating back to at least the 1920s has
shown that the United States has experienced
persistent and widening socioeconomic dis-
parities in premature mortality over time.'
However, it has been unclear whether socio-
economic inequalities affect the longevity of
persons in good and poor health equally. So-
cioeconomic status (SES) and health status are
interrelated,®® and both are strong independent
predictors of mortality.” Low SES is associated
with greater risk of ill health and premature
death,' 81913 partly attributable to dispropor-
tionately high prevalence of unhealthful lifestyle
practices'®**'> and physical and mental health
conditions."*'® Correspondingly, risk of prema-
ture mortality is higher in poor than in more
affluent areas.®!” Although the association be-
tween neighborhood poverty and mortality is
independent of individual-level SES,""'® aggre-
gation of low-SES populations in poor areas may
contribute to variations in health outcomes
across neighborhoods. Conversely, economic
hardships resulting from ill health may lead
persons in poor physical or mental health to
move to poor neighborhoods.'® This interrelat-
edness may create spurious associations between
neighborhood poverty and mortality.

Although previous studies have found that
the risk of premature death associated with
poor health status varies according to individ-
uals’ SES,%?! no published studies have exam-
ined whether the relative risks for premature
mortality associated with living in neighborhoods
with higher levels of socioeconomic deprivation
vary by health status of individuals. Clarify-
ing these relationships will inform social and
public health policies and programs that aim
to mitigate the health consequences of neigh-
borhood poverty.?*%®

We used data from a large prospective study
to examine whether the risk of premature
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Objectives. We examined whether the risk of premature mortality associated
with living in socioeconomically deprived neighborhoods varies according to
the health status of individuals.

Methods. Community-dwelling adults (n=566402; age=50-71 years) in 6 US
states and 2 metropolitan areas participated in the ongoing prospective National
Institutes of Health—-AARP Diet and Health Study, which began in 1995. We used
baseline data for 565679 participants on health behaviors, self-rated health
status, and medical history, collected by mailed questionnaires. Participants
were linked to 2000 census data for an index of census tract socioeconomic
deprivation. The main outcome was all-cause mortality ascertained through
2006.

Results. In adjusted survival analyses of persons in good-to-excellent health at
baseline, risk of mortality increased with increasing levels of census tract
socioeconomic deprivation. Neighborhood socioeconomic mortality disparities
among persons in fair-to-poor health were not statistically significant after
adjustment for demographic characteristics, educational achievement, lifestyle,
and medical conditions.

Conclusions. Neighborhood socioeconomic inequalities lead to large dispar-
ities in risk of premature mortality among healthy US adults but not among
those in poor health. (Am J Public Health. 2012;102:680-688. doi:10.2105/AJPH.

2011.300158)

mortality associated with neighborhood socio-
economic context differs according to health
status at baseline and remains after adjustment
for person-level risk factors for mortality, such as
SES, lifestyle practices, and chronic medical
illnesses.

METHODS

Our data came from the ongoing prospective
National Institutes of Health (NIH)-AARP Diet
and Health Study. The details of the NIH-
AARP study, which began in 1995, are de-
scribed elsewhere.>* The primary goal of the
NIH-AARP study is to examine the effect of
lifestyle practices on cancer incidence and mor-
tality. The original cohort comprised 567169
AARP members aged 50 to 71 years at baseline
who resided in 6 US states (CA, FL, LA, NJ, NC,

and PA) and 2 metropolitan areas (Atlanta, GA,
and Detroit, MI). Our analysis excluded partici-
pants who died or moved out of a study area
before the start date of the NIH-AARP study or
withdrew from the study at any point (n=768),
whose date of death was the same as the date of
recruitment into the study (n=12), or who had
incomplete or missing geographical information
or census measures (n="710).

Data Collection

Person-level sociodemographic, dietary,
lifestyle, and medical history factors. A ques-
tionnaire mailed to participants at baseline
(1995-1996) asked about date of birth, gender,
marital status, race/ethnicity, level of educa-
tional achievement, current body weight and
height, and health behaviors, including fre-
quency of vigorous physical activity lasting at
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least 20 minutes, alcohol use, smoking status
and frequency, and medical history. Several
components of participants’ diet over a previ-
ous 12-month period were assessed at baseline
with a 124-item food frequency question-
naire.?5 Participants were also asked to rate their
health status as poor, fair, good, very good, or
excellent. The NIH-AARP study also collected
data from separate questionnaires mailed in
1996 to 1997 and 2004 to 2006, which in-
cluded questions about history of hypercholes-
terolemia or hypertension (n=334497) and the
occupation of participants’ head of household
during childhood (n=2317 933), respectively.

Area-level socioeconomic deprivation. The
main predictor in our analyses was neighbor-
hood socioeconomic deprivation. The NIH-
AARP study collected information on the
residential address of each participant at base-
line and transformed (geocoded) this informa-
tion into geographical coordinates and linked
to information collected by the 2000 US
Census about the socioeconomic context and
racial and ethnic composition of persons
within census tracts. Socioeconomic measures
obtained at census tract level have been
found to be adequate for assessing the health
effects of neighborhood socioeconomic
context.?%

We used the census data to generate an em-
pirical index of neighborhood socioeconomic
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deprivation, as described previously.?” In
brief, we considered for inclusion in the de-
privation index 19 variables representing do-
mains of racial/ethnic composition, education,
income and poverty, occupation and employ-
ment, and housing and residential stability.
We performed variable selection with prin-
cipal component analysis stratified on state
of residence to incorporate both unique and
common contributors to deprivation across all
study areas.>” Only 1 variable was retained in
the factor analysis model if 2 or more within the
same domain were highly correlated with each
other (correlation coefficient>0.90). We then
retained variables for which the 95% confidence
interval (CI) of the loadings in all the study’s
states and metropolitan areas included the me-
dian of the lower 95% CI limit of loadings across
all study areas, which in our analysis was 0.23
(Table 1).

We used pooled data on all the census tracts
from the 6 states and 2 metropolitan areas to
compute the final index with the following 10
variables: percentage of persons in the census
tract who had less than high school education,
were unemployed, were non-Hispanic Blacks,
and worked in managerial jobs (separately for
men and women) and the percentage of
households that were below 1999 federal
poverty levels, were on public assistance, had
annual incomes less than $30 000, had no car,

and were headed by women with dependent
children (Table 1). The non-Hispanic Black
variable did not meet the strict criteria but was
retained because of its a priori interest. The
internal consistency or intercorrelation be-
tween the 10 indicators was high (Cronbach’s
reliability coefficient=0.93). We categorized
the index into quintiles according to the distri-
bution of the study’s census tracts: the fifth
quintile corresponded to the most deprived
census tracts.

Mortality. During follow-up from 1995
through December 31, 2006, we determined
vital status through annual linkages of the
cohort to the US Social Security Administration
Death Master File. This approach made it
possible to obtain complete information on
all-cause mortality on the cohort.

Statistical Analysis

We used survival models with Weibull
distribution and v frailties to estimate the
hazard ratios (HRs) and 95% ClIs for death
from all causes in relation to census tract
socioeconomic deprivation (neighborhood
SES). Cox proportional hazard models (without
prescribed frailties) yielded almost identical
results. Frailty models that accounted for clus-
tering of participants within census tracts pro-
vided an estimate of variability in mortality
between areas of residence for the cohort. We
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TABLE 1—Deprivation Score Loadings for Variables in the Socioeconomic Deprivation Index: National Institutes
of Health-AARP Diet and Health Study, 1995 and 2006
Factor Loadings for Each Variable Stratified on State of Residence (No. of Census Tracts)
CA FL Atlanta, GA LA Detroit, MI NC NJ PA All Locations
Variables, % (n=6814)  (n=3104) (n=504) (n=1069) (n=1084) (n=1487) (n=1896) (n=2631) (n=18589)
Poverty
Public assistance 0.35 0.34 0.33 0.32 0.34 0.34 0.33 0.35 0.33
Female-headed households 0.31 0.30 0.32 0.31 0.31 0.32 0.32 0.33 0.32
Households without a car 0.28 0.31 0.33 0.32 0.32 0.33 0.33 0.34 0.30
Household annual income < $30000 0.35 0.34 0.35 0.35 0.35 0.36 0.35 0.35 0.35
Households below 1999 federal poverty levels 0.36 0.36 0.34 0.36 0.35 0.36 0.35 0.35 0.36
Occupation
Unemployed 0.31 0.26 0.26 0.31 0.33 0.26 0.30 0.30 0.30
Females in managerial jobs -0.33 -0.30 -0.30 -0.29 -0.27 -0.29 -0.29 -0.26 -0.30
Men in managerial jobs -0.33 -0.30 -0.30 -0.26 -0.29 -0.28 -0.28 -0.25 -0.30
Education: <high school 0.35 0.35 0.33 0.32 0.33 0.32 0.34 0.33 0.33
Race/ethnicity: Non-Hispanic Blacks 0.16 0.29 0.29 0.32 0.29 0.30 0.26 0.28 0.24
Variance explained by first component 64 63 70 67 74 64 70 64 63
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detected small but statistically significant het-
erogeneity in the risk of mortality between
census tracts (frailty parameter=0.02; 95%
CI=0.01, 0.02; likelihood ratio test P<.001).
We assessed time to death from the date when
the baseline questionnaire was received at the
study center to the most recent date of vital
status ascertainment (December 31, 2006).

We examined 2-way interactions among the
following variables: self-rated health, body
mass index (BMIL; defined as weight in kg
divided by height in m?), physical activity,
dietary patterns, education, and neighborhood
SES. We assessed the statistical significance of
interactions with the Wald test with a Bonfer-
roni correction (to account for multiple com-
parisons) and the likelihood ratio test. Because
we found significant interaction between self-
rated health and neighborhood SES, estimates
of the effect of neighborhood SES on mortality
were stratified on self-rated health. In our
analyses, we combined the fair and poor re-
sponse categories of the self-rated health vari-
able because previous studies have found
similar health trajectories for these 2 groups.?®
Our analyses also showed similar neighborhood
SES mortality gradients for those 2 groups, and
the poor health group composed a relatively
small proportion of the study population.

To assess the extent to which various factors
incrementally accounted for the association
between neighborhood SES and mortality, we
constructed a base model (model 1) that adjusted
for age (continuous), gender, race/ethnicity
(non-Hispanic Whites, non-Hispanic Blacks,
Hispanics, others, or unknown), marital status
(married or living as married vs other), and
state of residence at the time of recruitment
into the study. Next, we sequentially added
educational achievement (<high school, high
school, vocational—-technical, some college,
college graduate, or unknown; model 2), fol-
lowed by health behaviors (model 3) and
history of the following chronic medical con-
ditions at baseline: end-stage renal disease,
diabetes, heart disease, stroke, emphysema,
and cancer (model 4).

The health behaviors were smoking, Med-
iterranean diet scores (low, medium, or
high),?® logarithmically transformed total
daily caloric intake, BMI (<25, 25-30, or
>30 kg/m? or missing), and physical activity
(never, rarely, 1 time/month to 2 times/week,
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>3 times/week, or missing). The traditional
Mediterranean diet score was computed from
reported intake of vegetables, legumes, fruit
and nuts, fish and seafood, cereals, meat and
meat products, dairy products, ratio of mono-
unsaturates to saturates, and alcoholic bev-
erages.”” Higher Mediterranean diet scores are
associated with lower risk of death.>® Respon-
dents were entered into 1 of 6 categories for
cigarette smoking (never smoked, quit but
previously smoked <20 cigarettes/day, quit
but previously smoked >20 cigarettes/day,
currently smoking <20 cigarettes/day, cur-
rently smoking >20 cigarettes/day, or unknown).
We entered BMI—diet and smoking—physical
activity interaction terms in appropriate
models.

We had complete data on 90% of eligible
respondents. For our primary analyses, we
used multiple imputations by chained equa-
tions for missing values of smoking status
(5.3%), education (5.1%), BMI (4.2%), race/
ethnicity (3.0%), self-rated health (1.6%), mar-
ital status (1.5%), and physical activity (1.1%).
Although our results with imputed values did
not differ from findings derived from missing
value indicators or complete case analysis, the
multiple imputation approach provided more
stable results and a consistent analytic sample
size across various models. We performed all
analyses with Stata release 11.1 (StataCorp LP,
College Station, TX).

RESULTS

Of the 565679 eligible respondents at
baseline, the mean age was 62 years, 60%
were men, 9% were non-Whites, 9% reported
a history of cancer, and fewer than 1% reported
end-stage renal disease. Approximately 16%
of participants reported their health as excel-
lent, 35% very good, 35% good, 12% fair, and
2% poor. Among those who did not report
any of the chronic medical conditions consid-
ered in the analyses, only 6% reported their
health as fair and fewer than 1% as poor (data
not shown).

A total of 18 592 census tracts across the 6
states and 2 metropolitan areas contained at
least 1 study participant. The component load-
ings of the variables were consistent across the
census tracts except for percentage of non-
Hispanic Blacks (Table 1).

A higher percentage of respondents in more
deprived than in the least deprived census
tracts reported diabetes, stroke, hypertension,
emphysema, and fair-to-poor health (P<.001;
data not shown). Table 2 shows the social and
demographic characteristics of the study pop-
ulation according to the census tract socioeco-
nomic deprivation index, stratified by self-rated
health at baseline. A higher percentage of
participants in the more deprived than in the
least deprived census tracts were Black, were not
married, and had less than 12 years of education.

Associations With Census Tract
Socioeconomic Deprivation

Health risks. Among persons in excellent
health, a higher percentage in the fifth quintile
(most socioeconomically deprived) than in
the first quintile of census tracts were obese
(BMI>30 kg/m?), had lower levels of physical
activity, had lower Mediterranean diet scores,
and had higher caloric intake (Table 3). The
prevalence of cancer was lowest in the most
deprived neighborhoods. Respondents who
were in poor health reported a lower preva-
lence of cancer, heart disease, end-stage renal
disease, and hypertension in the most deprived
than in less deprived census tracts.

Health status and all-cause mortality. The
maximum follow-up time of the cohort was 11.2
years, for a total of 5643 859 person-years.
The estimated overall mortality rate among the
cohort adjusted for variables in the base model
was 14.1 per 1000 person-years: the rate was
6.5 among respondents in excellent health, 9.1
for very good health, 15.0 for good health, and
36.8 for fair-to-poor health (Table 3).

Risk of premature mortality by health status at
baseline. Among persons in good-to-excellent
health, the adjusted mortality rate was highest
in the most deprived census tracts, and the
gap continued to widen over the study period
(Figure 1). By contrast, the pattern of differ-
ences stratified by the deprivation index was
less consistent among participants in fair-to-
poor health at baseline. The mortality rates for
the cohort according to census tract socioeco-
nomic deprivation alone (without stratification
on self-rated health) was most similar to esti-
mates for respondents reporting good health
(data not shown), and the cumulative mortality
curves were between the curves for 2 extremes
defined by health status (Figure 1).
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Table 4 shows the results of Weibull frailty
models. The reference group in all survival
analyses was the first deprivation quintile (or
least deprived census tracts). In analyses con-
trolling for variables in the base model (model
1) for respondents reporting good-to-excellent
health, the HR of mortality increased with
increasing levels of census tract socioeconomic
deprivation (Table 4). For instance, among
persons in excellent health, the adjusted HR
was 1.31 (95% CI=1.22, 1.41) for those
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TABLE 2—Characteristics of the Cohort According to Deprivation Index and Baseline Health Status: National Institutes
of Health-AARP Diet and Health Study, 1995 and 2006
Excellent Health Fair-to-Poor Health
Demographic and All Deprivation Quintile 1 Deprivation Quintile 5 Al Deprivation Quintile 1 Deprivation Quintile 5
Social Characteristics (n=92243), % (n=36112), % (n=4277), % (n=75814), % (n=14968), % (n=8736), %
Age, y
<55 16.2 175 15.4 10.5 10.6 114
55-59 255 26.9 25.3 19.9 19.3 21.6
60-64 28.3 215 28.3 28.4 28.1 30.2
65-69 213 25.6 28.1 36.6 37.0 332
270 28 25 29 4.6 49 36
Women 39.1 35.6 47.8 415 35.6 53.8
Race/ethnicity
Non-Hispanic Whites 93.7 95.8 75.3 87.8 93.4 60.0
Non-Hispanic Blacks 2.1 0.7 15.9 6.4 1.7 30.5
Hispanics 1.8 1.2 4.0 2.2 1.4 41
API or Al/AN 1.4 1.5 23 1.9 22 2.1
Missing 1.1 0.8 25 1.8 1.4 33
Married 715 76.5 56.6 63.9 70.5 47.6
Educational achievement
<high school degree 2.8 11 6.9 13.1 5.7 20.7
High school degree 12.4 7.1 183 243 16.6 26.1
Technical/vocational 7.3 48 8.8 11.0 8.2 11.0
Some college 21.3 18.3 23.0 22.8 235 21.0
>College degree 54.1 67.5 389 249 432 15.6
Missing 21 1.3 4.2 4.0 2.7 5.6
Proxy responses 2.6 2.6 2.5 49 42 43
Paternal occupation in childhood®
Professional or technical 12.2 14.9 9.2 6.5 10.2 3.9
Managerial 17.7 21.0 11.7 111 15.8 6.5
Other nonmanual 14.3 16.3 10.3 10.5 14.0 73
Manual, in a trade 24.8 21.5 28.5 27.6 25.4 25.1
Other manual 21.1 16.2 31.2 33.0 23.3 45.2
Missing 9.8 10.1 9.0 114 11.3 12.1
Note. Al/AN=American Indian/Alaskan native; APl =Asian/Pacific Islander. The sample size was n=565679. First quintile of census tract socioeconomic deprivation=lowest deprivation; fifth
quintile = highest deprivation.
®Applies only to participants (n=317933) who responded to a follow-up questionnaire in 2004 to 2006: excellent health, all, n=59 003; excellent health, quintile 1, n=15439; excellent health,
quintile 5, n=2325; fair-to-poor health, all, n=30475; fair-to-poor health, quintile 1, n=6604; fair-to-poor health, quintile 5, n=3226.

residing in the third socioeconomic deprivation
quintile and 1.68 (95% CI=1.49, 1.86) for
those in the fifth socioeconomic deprivation
quintile. However, the strength of the associa-
tion between census tract socioeconomic dep-
rivation and risk of premature mortality de-
creased with worsening health status. The HRs
for persons who reported good health were
1.15 (95% CI=1.12, 1.19) for the third quintile
and 1.35 (95% CI=1.29, 1.41) for the fifth
quintile. Among persons in fair-to-poor health,

the HRs for each deprivation quintile were
smaller than for those who were in good-to-
excellent health (P for trend<.001) and, by
contrast, did not exhibit a dose-response pat-
tern (third-quintile HR=1.12; 95% CI=1.07,
1.16; fifth-quintile HR=1.08; 95% CI=1.03,
1.13; Table 4).

Further analyses assessed the impact of
adjusting for other risk factors for death.
Among persons in excellent health, the associ-
ation between neighborhood socioeconomic
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TABLE 3—Distribution of Lifestyle and Medical History by Deprivation Index and Health Status: National Institutes
of Health-AARP Diet and Health Study, 1995 and 2006
Excellent Health Fair-to-Poor Health
Deprivation Deprivation Deprivation Deprivation
Lifestyle Practices and Al Quintile 1 Quintile 5 All Quintile 1 Quintile 5
Medical Conditions n=92243, % n=36112, % n=4277, % P for trend n=75814, % n=14968, % n=8736, % P for trend
Cigarette smoking <01 <01
Never smoked 415 43.0 41.9 26.8 28.2 28.6
Former (<20/d) 29.3 29.9 27.1 25.3 253 26.5
Former (>20/d) 18.4 185 15.6 21.7 29.9 20.0
Current (<20/d) 5.5 43 8.6 9.4 7.3 12.9
Current (>20/d) 22 1.5 31 6.7 5.6 6.7
Missing 31 3.0 3.7 41 3.6 5.3
Body mass index, kg/m? <01 <01
<25 48.3 51.7 40.1 25.5 28.5 21.8
25-30 40.2 39.1 41.9 35.6 37.6 317
>30 9.7 1.7 14.9 354 31.0 40.9
Missing 1.9 1.6 31 3.6 29 5.6
Physical activity <01 <01
Never 21 14 4.2 139 115 17.0
Rarely 7.2 6.1 10.0 24.8 23.7 25.9
1 time/mo to 2 times/wk 283 271.8 30.2 321 33.6 309
>3 times/wk 62.1 64.7 54.8 28.5 30.7 25.1
Missing 0.3 0.2 0.8 0.6 0.5 1.1
Mediterranean diet score <01 <01
Low 27.9 24.2 322 42.5 38.0 449
Middle 41.1 40.9 41.2 40.1 404 40.2
High 31.0 34.9 26.7 174 21.6 14.9
Medical history®
Prevalent cancers 5.0 5.2 4.6 .06 15.6 17.0 135 <01
End-stage renal disease 0.0 0.0 0.1 .76 1.1 13 12 .03
Emphysema 0.4 0.3 0.5 <01 10.5 8.9 9.8 <01
Diabetes 15 11 22 <.01 25.7 229 29.3 <.01
Heart 29 3.0 25 .05 373 37.8 324 <.01
Stroke 0.4 0.3 0.7 <01 1.7 6.9 85 <01
Hypercholesterolemia® 56.6 56.6 57.5 <01 319 323 29.9 .52
Hypertension® 20.1 19.6 23.0 01 59.2 57.2 64.8 <.01
Deaths/100 person-y® 6.5 5.2 8.8 3.68 3.58 3.42
Note. First quintile of census tract socioeconomic deprivation=lowest deprivation; fifth quintile=highest deprivation.
Some respondents had >1 condition.
®Derived from a subcohort (n=334498) who responded to a questionnaire in 1996 to 1997 that included these items. Respondents in excellent health, n=23 154 for quintile 1, n=2552 for
quintile 5. Respondents in fair-to-poor health, n=7905 for quintile 1, n=4329 for quintile 5.
“Adjusted for age, gender, race/ethnicity, marital status, and state of residence with Poisson regression models. A total of 6211 deaths were observed among participants in excellent: 1935 in the
first quintile and 374 in the fifth; 24 560 deaths occurred among participants in fair-to-poor health: 4625 in the first quintile and 2626 in the fifth.

deprivation and mortality was slightly attenu- health. However, among persons in fair-to- Sensitivity Analyses

ated but remained stable after further adjust- poor health, the observed relatively small Previous studies suggest that self-rated
ment for education, health behaviors, and neighborhood SES mortality gradients were health may not measure physical health in
medical illnesses (fifth-quintile HR=1.48; 95%  no longer statistically significant after further a similar way across strata of socioeconomic
CI=1.31, 1.64). The estimates were similarly adjustment for health behaviors alone (data groups.?*®! Therefore, we performed several
stable for participants in good or very good not shown). sensitivity analyses stratified on age groups,
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Note. Least deprived is first quintile; most deprived is fifth quintile. Curves were obtained from fixed-effect Cox models
stratified on health status and deprivation index as appropriate and were adjusted for age, gender, marital status, race/
ethnicity, and state of residence health status. Higher curves correspond to higher mortality rates.

gender, and smoking history (Appendix A,
available as a supplement to the online version of
this article at http://www.ajph.org), as well as
restricted to persons who (1) did not report any
of the selected medical conditions at baseline
(n=327195), (2) responded to the questionnaire
without the help of a proxy or did not report end-
stage renal disease (n=565591), and (3) had

at least 2 years of follow-up in the study.

We also performed analyses with controls
for self-reported history of hypertension or
hypercholesterolemia and for paternal occu-
pation on the subgroup of participants who
responded to both of the 2 subsequent ques-
tionnaires with these items (n=216 989; Ap-
pendix B, available as a supplement to the
online version of this article at http://www.
ajph.org). These analyses yielded findings sim-
ilar to our main results. Among persons in fair-
to-poor health who did not report medical
illnesses, the effect sizes from the base model
were similar in magnitude to model 2 (Table 4)
and were no longer statistically significant after
further adjustment for education.

DISCUSSION

We used a large prospective cohort to exam-
ine whether the risk of premature mortality
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FIGURE 1—Age- and gender-adjusted cumulative mortality rate plots for all-cause mortality
according to health status and neighborhood socioeconomic deprivation: The National
Institutes of Health-AARP Diet and Health Study, 1995-2006.

associated with living in socioeconomically
deprived neighborhoods differed according
to individuals’ health status. We found that
neighborhood socioeconomic mortality dis-
parities were less striking among persons in
fair-to-poor health than among those in good-
to-excellent health. Healthy adults residing in
socioeconomically deprived neighborhoods
died at a higher rate than did persons in
relatively less deprived areas, even after ac-
counting for individual-level SES, lifestyle
practices, and medical history. By contrast,
among respondents in fair-to-poor health at
baseline, we detected relatively small neigh-
borhood SES mortality disparities, and these
were no longer significant after adjustment for
health behaviors.

To our knowledge, no previous studies pro-
vide direct comparison to ours. However, 2
previous studies found a stronger association
between individual-level SES and mortality in
persons in good-to-excellent health than in
those in poor health.*?' Consistent with our
findings, Waitzman and Smith found area-level
SES mortality disparities for persons aged 25 to
54 years but not for those aged 55 to 74 years.>?
These findings suggest that socioeconomic ad-
vantage does not confer a mortality advantage
for persons in poor health. Alternatively, it is

possible that people who were in poor health and
resided in relatively poor neighborhoods were as
resilient to the effects of ill health as their
counterparts in more affluent areas.

We also sought to determine the impact of
adjusting for other risk factors for death on
neighborhood SES mortality disparities. Con-
sistent with previous studies, we found a strong
association between neighborhood SES condi-
tions and health behaviors and prevalence of
chronic medical conditions. Among respon-
dents in poor health, the relatively small
neighborhood SES mortality disparities were
explained by differences in health behaviors.
The large neighborhood SES mortality gaps
among persons in good-to-excellent health
were slightly attenuated, but they persisted
even after adjustment for those factors. This
finding further supports the hypothesis that
neighborhood socioeconomic deprivation con-
fers additional mortality risks beyond an in-
dividual’s SES and health behaviors,'*'71%3%34
and the higher mortality risks are not attributable
solely to the clustering of persons with higher
prevalence of unhealthful lifestyle practices in
poor neighborhoods.”***® Qur study further
extends this evidence and shows that neighbor-
hood SES mortality disparities documented in
long-term studies may reflect inequalities among
people who were healthy at baseline. Our results
suggest that valid analyses on neighborhood
SES disparities require a careful assessment of
participants’ health status.

Self-reported health encompasses a broad
range of medical conditions and may change
over the life course of individuals.>'**® We
found a higher prevalence of heart disease and
cancer, the 2 leading causes of death in the
United States,>® among participants in poor
health residing in more affluent neighborhoods
than among their counterparts in poorer areas. It
is plausible that the relative proportion of per-
sons with mental illness (which is more prevalent
in poor areas®®=®) or physical health conditions
or differences in perceptions of health accord-
ing to neighborhood SES may have contributed
to our findings. However, the consistency and
magnitude of our results, including the sensitivity
analyses, show that our findings could not be
attributed to systematic neighborhood SES
differences in reporting of self-rated health or
medical conditions, as has been suggested
previously.*!
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Strata of Self-Rated Health
Status and Deprivation Quintiles

Model 1,% HR (95% CI)

| RESEARCH AND PRACTICE |

TABLE 4—Association Between Neighborhood Socioeconomic Deprivation and Overall Mortality: National Institutes
of Health-AARP Diet and Health Study, 1995 and 2006

Model 2,” HR (95% Cl)

Model 3,° HR (95% Cl)

Model 4,° HR (95% Cl)

Deprivation quintile

Deprivation quintile

Excellent health
Deprivation quintile
1 (Ref) 1.00 1.00
2 1.24 (1.16, 1.32) 1.21 (1.13, 1.30)
3 1.31 (1.22, 1.41) 1.27 (1.18, 1.36)
4 1.52 (1.39, 1.64) 1.46 (1.34, 1.58)
5 1.68 (1.49, 1.86) 1.61 (1.43, 1.79)

Very good health

1 (Ref) 1.00 1.00
2 1.11 (1.07, 1.16) 1.09 (1.04, 1.13)
3 1.18 (1.13, 1.23) 1.14 (1.10, 1.19)
4 1.30 (1.24, 1.36) 1.25 (1.19, 1.31)
5 1.42 (1.33, 1.51) 1.37 (1.28, 1.45)
Good health
Deprivation quintile
1 (Ref) 1.00 1.00
2 1.07 (1.03, 1.10) 1.04 (1.01, 1.08)
3 1.15 (1.12, 1.19) 1.12 (1.08, 1.16)
4 1.23 (1.18, 1.27) 1.18 (1.13, 1.22)
5 1.35 (1.29, 1.41) 1.29 (1.23, 1.35)

Fair-to-poor health

1 (Ref) 1.00 1.00
2 1.01 (0.97, 1.05) 0.99 (0.95, 1.03)
3 1.12 (1.07, 1.16) 1.08 (1.04, 1.12)
4 1.10 (1.06, 1.15) 1.06 (1.01, 1.10)
5 1.08 (1.03, 1.13) 1.03 (0.98, 1.08)

1.00

1.19 (1.11, 1.27)
1.23 (1.14, 1.32)
1.39 (1.28, 1.50)
1.51 (1.34, 1.68)

1.00

1.19 (1.11, 1.26)
1.23 (1.14, 1.32)
1.39 (1.28, 1.50)
1.48 (1.31, 1.64)

1.00

1.06 (1.02, 1.11)
1.11 (1.07, 1.16)
1.20 (1.14, 1.26)
1.28 (1.20, 1.36)

1.00

1.06 (1.02, 1.10)
1.11 (1.06, 1.15)
1.19 (1.13, 1.24)
1.27 (1.19, 1.35)
1.00

1.03 (0.99, 1.06)
1.09 (1.05, 1.13)
1.14 (1.10, 1.18)
1.23 (1.17, 1.29)

1.00

1.02 (0.98, 1.05)
1.08 (1.05, 1.12)
1.13 (1.09, 1.17)
1.21 (1.15, 1.27)

1.00
0.99 (0.95, 1.02)
1.05 (1.01, 1.09)
1.03 (0.98, 1.07)
0.99 (0.94, 1.04)

1.00

0.96 (0.93, 1.00
1.02 (0.98, 1.06
0.99 (0.95, 1.04

)
)
)
0.95 (0.90, 1.00)

Limitations

Studies have shown that the mortality risk
associated with residing in socioeconomically
deprived areas is attributable in part to pov-
erty within neighborhoods and to the extent
of relative inequality between neighbor-
hoods.2** Thus, differences in access to health
care resources are likely to contribute to neigh-
borhood SES mortality disparities.® Although
we did not have data on access to health care,
existing literature shows that the relationship
between access to health care resources and
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Note. Cl=confidence interval; HR =hazard ratio. The sample size was n=565679. First quintile of census tract socioeconomic deprivation =least deprivation; fifth quintile=most deprivation. All
estimates were derived from models that included a census tract-level socioeconomic deprivation index with self-rated health interaction term.

®Adjusted for age at baseline, gender, race/ethnicity, marital status, and state of residence at baseline.
®Model 1 adjustments plus level of educational achievement.

“Model 2 adjustments plus logarithmically transformed caloric intake and smoking status with physical activity and Mediterranean diet with body mass index interaction terms.
Model 3 adjustments plus personal history of end-stage renal disease, diabetes, heart disease, stroke, emphysema, and cancer.

neighborhood SES varies according to the pop-
ulation studied.**** Qur study population was
relatively homogeneous: non-Whites were a rel-
atively small proportion (9%) of our cohort,
and participants were predominantly older,
upper- to middle-class Americans in urban
centers. This finding suggests that the AARP
populations may have had similar access to
health care services irrespective of neighborhood
SES, but this possibility needs further study.

We used baseline lifestyle and dietary mea-
sures obtained in late adulthood, which may

not reflect health behaviors throughout the life
course. Socioeconomically deprived environ-
ments increase the risk of both exposure and
vulnerability to adverse health risk factors such
as violence, prejudice, segregation, psychologi-
cal stress, toxins, pollutants, and other envi-
ronmental hazards.'® In addition, the socioeco-
nomic context of the neighborhoods in which
our study population lived may have changed
during the study period, particularly during the
period of economic growth prior to the current
global recession. These factors and the potential
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impact of residential mobility** could not be
measured in this study.

Conclusions

It is well-known that socioeconomic circum-
stances determine the health status and lon-
gevity of individuals.?**> We found that the risk
of premature mortality associated with living in
socioeconomically deprived neighborhoods var-
ied according to health status of individuals. We
found large, long-term neighborhood socioeco-
nomic mortality disparities in healthy individuals
but not in people who were already in poor
health. This finding shows that neighborhood
socioeconomic mortality disparities are not at-
tributable solely to clustering of persons in poor
health in poor areas.

Our study further showed that poor neigh-
borhood socioeconomic conditions affect the
longevity of healthy persons beyond personal
attributes of demographics, education, or life-
style practices. This finding represents a major
public health challenge and reinforces the need
for social policies and programs to mitigate
health risks posed by neighborhood socioeco-
nomic deprivation in the United States. Future
studies are needed for a better understanding
of why neighborhood SES mortality disparities
vary by health status. B
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