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Rationale: Health disparities defined by neighborhood socioeconomic status (SES) are well established; it
is less well understood whether neighborhood SES is differentially associated with health depending on
one's own SES.
Objective: The double jeopardy hypothesis, collective resources model, fundamental cause theory, and
relative deprivation hypothesis support differential patterns of association between neighborhood and
individual SES with health. The first three models suggest that higher neighborhood SES predicts health
more strongly among lower, as compared to higher, SES individuals. The relative deprivation hypothesis
suggests that higher SES neighborhoods bring no extra health benefit to low SES individuals and could
even bring a health deficit. This study examined competing hypotheses with prospective associations
between cardiovascular (CV) health and individual SES, neighborhood SES, and their interaction.
Method: Data were from two waves of the Midlife in the United States (MIDUS) Study (N ¼ 1012), a
national survey of adults ages 25 and older at baseline. Neighborhood SES was a composite of five census
tract-level SES indicators from the 1990 census. Individual SES was a composite of educational attain-
ment and household income at wave one (1995e1996). CV health at wave two (2004e2008), was
computed as a composite based on smoking status, body mass index, physical activity, diet, total
cholesterol, blood pressure, and glucose.
Results: Individual and neighborhood SES were each associated with CV health net of baseline health
status and other covariates. Interactions between individual and neighborhood SES showed that higher
neighborhood SES was associated with better CV health for those of lower, not higher, individual SES.
Conclusion: Results are consistent with the double jeopardy hypothesis, the collective resources model,
and the fundamental cause theory, but not with a relative deprivation hypothesis. Results suggest that
additional attention to the neighborhood socioeconomic context of lower SES individuals may reduce SES
disparities in cardiovascular health.

© 2017 Elsevier Ltd. All rights reserved.
1. Introduction

Coronary heart disease and stroke represent an incredible global
public health burden, accounting for approximately 17% of all
medical expenditures and being the leading cause of death
worldwide (Mozaffarian et al., 2014; Trogdon et al., 2007).
Improving the cardiovascular health of all Americans is a key
objective of the American Heart Association, as identified in their
2020 Impact Goals (Lloyd-Jones et al., 2010). Whereas the previous
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focus was on reducing cardiovascular risk factors, the new
emphasis includes attention to increasing healthy behaviors (i.e.,
diet, physical activity, decreasing smoking) and healthy levels of
risk factors (i.e., body mass index, blood pressure, lipids, glucose) at
the population level. As such, a new metric was developed to
evaluate cardiovascular health with clinical criteria for poor, in-
termediate, and ideal cardiovascular health based on the seven
previously mentioned risk factors and health behaviors. Adults
with ideal cardiovascular health on at least five of the sevenmetrics
had lower risk of all-cause and cardiovascular mortality than adults
meeting none of the ideal cardiovascular metrics over a median
5.8-year follow-up (Ford et al., 2012).

It is well established that there are systematic disparities in
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cardiovascular risk (Mensah et al., 2005). In considering how to
reduce cardiovascular disparities, the context in which these risk
and behavioral factors are produced needs to be better understood.
Robust evidence demonstrates an association between the socio-
economic status (SES) of one's neighborhood and health. In-
dividuals who live in more advantaged neighborhoods exhibit
better profiles on many of the components of the cardiovascular
healthmetric, better subjective health, fewer risk factors, and lower
morbidity and mortality rates, compared to their counterparts
residing in less advantaged neighborhoods (reviewed in Arcaya
et al., 2016; Diez Roux and Mair, 2010; Pickett and Pearl, 2001;
Robert, 1999). The linkages to health are independent of, but
often smaller than, those associated with individual-level SES.
Multiple mechanisms contribute to differential health as a function
of neighborhood SES: differential access to material resources, the
cost of available resources, access to medical care, the availability
and quality of municipal services, the quality of education, envi-
ronmental exposures (e.g., noise, lead), crime, crowding, and the
availability of tobacco, fast food, and recreational resources, among
others. At the biological level, there are also several pathways that
link SES at the neighborhood level to the etiology and pathogenesis
of cardiovascular disease, including elevated inflammation, greater
cardiovascular responses to stress, and greater allostatic load (Bird
et al., 2010; Brody et al., 2014; Finch et al., 2010; Merkin et al., 2009;
Mujahid et al., 2017; Nazmi et al., 2010; Petersen et al., 2008; Pollitt
et al., 2005; Purser et al., 2008; Robinette et al., 2016; Theall et al.,
2012). Although it is clear that, independent of individual SES,
higher neighborhood SES is generally associated with better health,
it is not yet clear if this association is stronger or weaker depending
on a person's own SES. The driving research question for the pre-
sent study is: Do individual SES and neighborhood SES interact in
their association with cardiovascular health?

There are four relevant theoretical models that inform pre-
dictions about how neighborhood SES and individual SES may
interact in relation to cardiovascular health: the double jeopardy
hypothesis, collective resources model, fundamental cause theory,
and the relative deprivation hypothesis (Robert, 1999; Stafford and
Marmot, 2003). Importantly, the first three models all predict the
same pattern of associations between neighborhood SES and car-
diovascular health for varying levels of individual level SES, making
it empirically unfeasible to disentangle support among these the-
ories in the present study. In contrast, the relative deprivation hy-
pothesis posits a unique pattern of association between individual
and neighborhood SES in relation to health, as described below. The
goal of the present study is to use these complementary and
competing theoretical models to situate our empirical findings in a
framework of how the socioeconomic environment of the neigh-
borhood may matter for health differently depending on individual
SES.

The double jeopardy hypothesis (e.g., Ferraro and Farmer, 1996;
Waitzman and Smith, 1998) posits that the health of lower SES
individuals will be particularly worse off if they reside in lower SES
neighborhoods. The double sources of disadvantage associated
with (1) having fewer individual resources, and (2) residing in a
neighborhood with relatively few resources is expected to take a
toll on health more so than if only one type of socioeconomic
disadvantage is present. Conversely, according to the collective
resources model (Stafford and Marmot, 2003), lower SES in-
dividuals should be healthier in higher SES neighborhoods given
access to material and social resources at the neighborhood level.
All individuals, regardless of SES, are expected to benefit from
neighborhood resources in more advantaged areas, due to reasons
such as access to quality services and fewer environmental expo-
sures. However, these health benefits derived from an advantaged
neighborhood are hypothesized to be greater among lower SES
individuals as they may lack health-promoting resources at the
individual level and rely more heavily on the services and sur-
roundings in the local environment.

Fundamental cause theory is also relevant in this context. At the
most basic level, fundamental cause theory suggests that higher
SES individuals are more likely to be able to live in higher SES
neighborhoods e to be able to access better neighborhoods as a
health-enhancing resource. In this sense, fundamental cause theory
hypothesizes that neighborhood context may be one mediator in
the relationship between individual SES and health (Link and
Phelan, 1995; Phelan et al., 2010). Still, since not all high SES peo-
ple parlay their advantage to live in high SES neighborhoods, and
not all low SES people live in low SES neighborhoods, neighborhood
may alsomoderate the association between individual SES and poor
health. For instance, the health of individuals with higher SES may
be more impervious to the socioeconomic context of their neigh-
borhoods. Higher SES individuals almost always have the ability to
find ways to access resources that benefit their health; thus,
neighborhood context should not matter as much for higher SES
individuals as it may for the health of lower SES individuals who in
turn have access to fewer health-enhancing resources.

There is empirical support for the pattern of associations sup-
ported by the double jeopardy hypothesis, collective resources
model, and fundamental cause theory in the prediction of health
risk factors. For example, in a community sample of adults from the
Detroit metropolitan area, greater neighborhood disadvantage was
positively associated with higher probabilities of illicit drug use for
all individuals, regardless of income; notably, however, this asso-
ciation between neighborhood disadvantage and drug use was
significantly stronger among those with lower, as compared to
higher, incomes (Boardman et al., 2001). Within the Health and
Lifestyle Study, there were significant employment grade differ-
ences in mortality in areas marked by high deprivation, such that
those with lower grade positions exhibited higher mortality rates,
and employment grade differences inmortality were absent among
those residing in areas with low deprivation (Jones et al., 2000).
Further, Stafford andMarmot (2003) showed that the differences in
self-rated health and waist circumference between higher and
lower SES individuals, defined by employment grade, were greater
in more deprived neighborhoods than in less deprived neighbor-
hoods in the Whitehall II cohort. Finally, in the Atherosclerosis Risk
in Communities (ARIC) study, Borrell et al. (2004) noted that
neighborhood differences in all-cause mortality rates were smaller
and less consistent among those with higher personal incomes,
although the interaction between personal income and census
block-group SES was not statistically significant. Also in ARIC, the
disparity in rates of coronary heart disease as a function of neigh-
borhood disadvantage were larger among those with lower in-
comes compared to those with higher incomes (Diez Roux et al.,
2001).

As mentioned previously, it is empirically untenable to distin-
guish among the three models previously described. Specifically,
they all predict a positive association between neighborhood SES
and cardiovascular health among lower SES individuals, and a
much weaker positive, or null, association between neighborhood
SES and cardiovascular health among higher SES individuals. In
other words, within low SES neighborhoods, lower SES individuals
are predicted to have theworst health, while higher SES individuals
are predicted to maintain better health. However, in high SES
neighborhoods, the difference in health between lower and higher
SES individuals is predicted to be smaller.

In contrast to the previous three theories, the relative depriva-
tion hypothesis posits that lower SES individuals may not garner
health benefits from living in higher SES neighborhoods. In fact,
health may be worse than if lower SES individuals lived in lower
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SES neighborhoods given additional stressors and health risks
associated with being and feeling “one-down” in a higher SES
neighborhood. There are psychosocial costs associated with up-
ward social comparisons, unmet expectations, and feeling deprived
of social status, which may in turn affect health risks via chronic
stress pathways (e.g., Kawachi and Kennedy, 1999; Wilkinson, 1997,
2002). Further, lower SES individuals in higher SES neighborhoods
may not have access to the higher quality goods and services within
the higher SES neighborhood given greater demand and higher
prices. For example, low SES individuals living in high SES neigh-
borhoods had the highest mortality rates compared to low SES
individuals in moderate and low SES neighborhoods, respectively,
over a 17-year follow-up within a population-based study
(Winkleby et al., 2011). Chuang et al. (2007) demonstrated that low
SES women living in more educated neighborhoods were more
likely to smoke than low SES women living in less educated
neighborhoods. Using data from the US National Alcohol Survey,
Mulia and Karriker-Jaffe (2012) likewise showed that low SES men
had the highest odds of problem drinking when they resided in
more advantaged neighborhoods. Mathur et al. (2013) further
demonstrated among adolescents that lower individual SES pre-
dicted greater smoking behaviors, and the association between
lower individual SES and higher smoking levels was significantly
greater for higher SES neighborhoods than for lower SES neigh-
borhoods. Finally, within a sample of adults fromNew York City, the
association between personal income and body mass index was
stronger in richer, compared to poorer, zip codes among women,
but not men (Rundle et al., 2008).

The current study tests these complementary and competing
hypotheses by examining the prospective associations between
individual SES, neighborhood SES, and the interaction between the
two with an index of cardiovascular health (i.e., composite of
healthy behaviors and biological risk factors; Lloyd-Jones et al.,
2010), in a large sample of middle aged and older adults. Though
considering interactions between individual and neighborhood-
level SES is not entirely novel, no clear consensus has emerged
from the literature about the nature of this relationship. Therefore,
there is no hypothesized direction of effect.

The current study extends the literature by explicitly testing
these relationships using prospective rather than cross-sectional
data, using a large, national study. Moreover, most prior research
examinesmortality, morbidity, or the presence of risk factors which
predicts the poorest health states without considering optimal
health as the outcome (Arcaya et al., 2016). This study makes an
important contribution to the literature by considering a novel
indicator of cardiovascular health that includes ideal health statese
the presence of positive health. Due to the importance of cardio-
vascular health among middle-aged and older adults, this study
will help us understand whether or not neighborhood-level in-
terventions might be expected to be particularly important to
maintain and improve the cardiovascular health of lower SES
individuals.

2. Method

2.1. Sample

Data were fromwaves one and two of the MIDUS survey, which
included over 7000 non-institutionalized adults in wave one
(1995e1996), recruited via random digit dialing (RDD) from the 48
contiguous states, siblings of the RDD sample, and a large sample of
twins (Brim et al., 2004; Radler and Ryff, 2010). Wave two began in
2004, with 75% retention (adjusted for mortality); 472 individuals
were lost to mortality between waves one and two.

Biological data were collected only at wave two from a subset of
wave two respondents who agreed to travel to one of three General
Clinical Research Centers for an overnight visit. There was a 43%
response rate among those eligible for biological data collection
reflecting the demanding protocol and extensive travel for partic-
ipants (Love et al., 2010). Primary reasons for refusal were the
extensive travel, having family obligations, and being too busy. The
biological subsample was comparable to the full wave two sample
on most demographic and health characteristics (age, gender, race,
marital status, personal income, subjective physical health, body
mass index, alcohol use, chronic conditions, physical activity, health
insurance coverage, physician visits), though participants were
better educated and less likely to smoke than nonparticipants.
Detailed information on the biological sample, protocol, and
available measures are reported elsewhere (Love et al., 2010). This
study was approved by Institutional Review Boards at Georgetown
University, University of California, Los Angeles, and University of
Wisconsin-Madison. All participants provided written informed
consent.

Our analytic sample includes only those who participated in
wave one as well as the survey and biological subsample in wave
two. Of the 1054 individuals eligible for inclusion in the analysis, 42
individuals were excluded due to missing data. Of these, 28 in-
dividuals only completed the phone interview component of wave
one but not the self-administered questionnaire (where covariate
information was collected in wave one). Further, address informa-
tion was unavailable from six individuals at the time of wave one,
precluding the assessment of neighborhood SES, and the remaining
eight excluded individuals failed to provide certain health infor-
mation at wave one, including medication usage (n ¼ 5), physical
activity (n ¼ 2), and status of chronic conditions (n ¼ 1).

This analytic sample (n ¼ 1012) was comparable to those who
were eligible but chose not to participate in the biological data
collection (n ¼ 1668) in terms of age, gender, body mass index,
alcohol consumption, rates of depression, and number of physician
visits per year but also reported better physical health, fewer
chronic conditions, higher personal incomes, more education, and
less current smoking. The analytic sample includes 374 who were
twins (51.3% monozygotic), and six who were siblings.

2.2. Study measures

SES. Participants' home addresses at wave one were linked to
tract-level data from the 1990 United States Census. Neighborhood
SES was calculated as a summed, z-scored composite of five census-
tract level indicators: median household income, percentage of
residents with high school education (reverse-coded), percentage
of residents with a college education, percentage of residents with
income belowpoverty (reverse-coded), and percentage of residents
withworking class occupations. These indicators collectively reflect
the key socioeconomic dimensions of income, education, and
occupation, and they loaded highly on a single factor. Higher values
reflect higher neighborhood SES. A neighborhood SES composite
was also created using tract-level data from the 2000 United States
Census, linked to participants’ home addresses at wave two. As
described in the Results, this allowed for examining changes in
neighborhood SES among participants who moved between wave
one and wave two.

Individual SES was defined as the mean of z-scored wave one
individual educational attainment and total household income.
Educational attainment was a 12-response categorical variable,
ranging from no school/some grade school to completion of pro-
fessional degree. Categories were a combination of years of
schooling and degree attainment. Education was treated as a
continuous variable, and only one individual had missing data.
Total household income was calculated as the sum of all income
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(i.e., employers, social security, government assistance, other
sources) for all household members. Fourteen individuals (1.4%) of
the analytic sample had missing data on household income. No
individuals had missing data on both educational attainment and
household income. For the limited cases of missing data on one
individual SES indicator (n ¼ 15), individual SES was calculated as
the z-scored mean of the available indicator. Results were un-
changed with these individuals excluded from analysis (data not
shown). Higher values on the composite score reflect higher indi-
vidual SES.

Cardiovascular health. Cardiovascular health was assessed at
the biomarker visit during wave two as a composite (defined
below) of seven metrics, including smoking, body mass index
(BMI), physical activity, diet, total cholesterol, blood pressure, and
fasting glucose. Smoking, physical activity, and diet were self-
reported. Physical activity was quantified as MET minutes per
week (MMW). One MET is equivalent to the amount of energy
burned while at rest. MMW was calculated by multiplying the
number of exercise sessions per week by the average number of
minutes per session by an intensity factor (6 ¼ vigorous,
3 ¼ moderate, 1.1 ¼ light; Haskell et al., 2007). Meeting 500 MET
minutes per week is equivalent to meeting the federal physical
activity guidelines (ODPHP, 2017). The five dietary components for
the cardiovascular health measure include �4.5 cups of fruits and
vegetables per day, � two 3.5 ounce servings per week of fish, �
three, one-ounce equivalent servings per day of fiber-rich whole
grains, < 1500 mg of sodium per day, and �36 ounces of sugar-
sweetened beverages per week. MIDUS did not collect data on
sodium consumption, and therefore no participants received credit
for this dietary component. BMIwas calculated based on height and
weight assessed by clinic staff, using the formula of weight (kg)
divided by height2 (m2). Blood pressure was assessed in a seated
position three times consecutively with a 30-s interval between
each measurement, and the two most similar readings were aver-
aged. Participants rested for 5 min prior to the first blood pressure
assessment. Total cholesterol and glucose were assessed from a
fasting blood sample taken on the morning of the second day of the
clinic visit (Roche Diagnostics, Indianapolis, IN).

Following definitions outlined by the American Heart Associa-
tion in Lloyd-Jones et al. (2010), individuals were given points (two,
one, or zero) for meeting criteria for ideal, intermediate, or poor
cardiovascular health, respectively, on each of seven metrics. These
points were summed to create an overall index of cardiovascular
health (ranging from 0 to 14, higher values reflect better cardio-
vascular health). Ideal, intermediate, and poor cardiovascular
health, respectively, were defined as follows for each of the seven
metrics: smoking (never or not within the past 12 months, not
currently but within the past 12months, current smoker), BMI (less
than 25, 25e30, greater than 30), physical activity (500 MET mi-
nutes per week or greater, 1e499 MET minutes per week, none),
diet (4e5 components, 2e3 components, 0e1 components), total
cholesterol (less than 200 mg/dL, 200e239 mg/dL or treated to
goal, greater than or equal to 240 mg/dL), blood pressure (<120/
<80 mmHg, systolic 120e139 or diastolic 80e89 mmHg or treated
to goal, systolic greater than or equal to 140 or diastolic greater than
or equal to 90 mm Hg), and fasting glucose (less than 100 mg/dL,
100e125 mg/dL or treated to goal, greater than or equal to 126 mg/
dL).

Covariates. Age, gender, and race (coded as Caucasian American
compared to all others) were included as covariates. Because the
cardiovascular health outcome could not be computed at wave one
due to lack of biological data, additional covariates reflecting self-
reported cardiovascular health metrics at wave one were utilized:
self-reported smoking (1 ¼ yes, 0 ¼ no), physical activity (self-re-
ported occasions per month of moderate and vigorous activity),
hypertension, diabetes, and high cholesterol medication usage
(1 ¼ yes, 0 ¼ no for each medication type), and number of chronic
health conditions (out of 29 possible conditions).

2.3. Statistical analyses

Hierarchical linear regression models were used to test pro-
spective, independent associations between wave two cardiovas-
cular health and wave one individual SES, neighborhood SES, and
their interaction. Model One included individual SES, neighborhood
SES, as well as age, gender, race, and wave one cardiovascular
health metric covariates. The interaction between neighborhood
and individual SES was added in Model Two. Significant in-
teractions were plotted by re-centering the continuous individual
SES variable at plus and minus one standard deviation from the
mean, respectively, and examining the strength of the coefficient
between neighborhood SES and cardiovascular health in fully
adjusted models (Jaccard and Turrisi, 2003).

Assumptions of the OLS model were verified, including assess-
ments for outliers and other influential data, normality of residuals,
homoscedascity of variance, and independence of errors. No
weighting was applied to the data. Multilevel models that
accounted for clustering of individuals within neighborhoods
yielded identical results to those reported below, and 94% of the
analytic sample had unique census tracts. Additionally, because the
MIDUS sample includes siblings and twins (37.5% of the analytic
sample), supplemental analyses were conducted using generalized
estimating equations to adjust for biological dependencies in the
data (data not shown). Conclusions regarding the results were
identical to those presented below.

3. Results

As shown in Table 1, participants had an average of 7.8 points on
the cardiovascular health metric (range 1e13). Fig. 1 displays the
distribution of cardiovascular health scores. The distribution of
neighborhood SES metrics in this sample was slightly higher than
national figures (median household income: $35.4 v. $30.8 na-
tionally, in thousands; percentage with college degree: 24.1% v.
19.1% nationally; percentage below poverty: 9.7% v. 14.6% nation-
ally; percentage in working class occupations: 63.0% v. 67.1% na-
tionally), although was comparable to national figures in terms of
the percentage of high school graduates per census tract (29.6% v.
30.3% nationally). At the individual level, median household in-
come for the sample was $80.9 thousand and 55.5% had less than a
college education. Individual and neighborhood SES were moder-
ately correlated (r ¼ 0.35).

Table 2 presents cross-tabs between tertiles of individual SES
and neighborhood SES tertiles. There were fewer individuals
(22.2%) with individual SES in the top tertile of the distribution
residing in neighborhoods in the bottom tertile of the distribution.
Nearly half of the individuals in the top tertile of the individual SES
distribution also resided in neighborhoods in the top tertile (49.4%).

Table 3 reports regression results. Model One shows that
neighborhood SES was positively associated with cardiovascular
health at trend level (b¼ 0.06, p¼ 0.052), controlling for individual
SES, age, gender, race, number of chronic conditions, physical ac-
tivity, smoking, and hypertension and cholesterol medication usage
at wave one. The association between individual SES and cardio-
vascular health was also statistically significant (b¼ 0.16, p < 0.001)
and larger in magnitude than the association for neighborhood SES
and cardiovascular health. Model Two adds the interaction be-
tween neighborhood and individual SES; this interaction was sta-
tistically significant (b¼�0.08, p¼ 0.013). To illuminate the pattern
of effects, simple slopes were calculated for the associations



Table 1
Descriptive information on study sample (n ¼ 1012).

Variable M (SD) or % Range

Wave Two Cardiovascular Health metric 7.8 (2.3) 1e13
Systolic Blood Pressure (mm Hg) 131.2 (17.7) 83e191
Diastolic Blood Pressure (mm Hg) 75.0 (10.2) 48e114
Blood pressure criteria (% ideal) 19.2%
Total Cholesterol (mg/dL) 187.2 (39.2) 91e396
Total cholesterol criteria (% ideal) 40.4%
Glucose (mg/dL) 100.1 (22.2) 67e418
Glucose criteria (% ideal) 60.4%
Physical Activity (minutes/week) 334.2 (547.6) 0e4550
Physical Activity criteria (% ideal) 51.2%
BMI 29.1 (5.9) 15e57
BMI criteria (% ideal) 25.6%
Current Smoking (% yes) 11.2%
Smoking criteria (% ideal) 88.4%
Diet score 1.2 (0.8) 0e4
Diet criteria (% ideal) 0.8%

Wave One Household income ($ in thousands) 80.9 (60.6) 0e300
Wave One Educationa

� High School (%) 26.8%
Some College (%) 28.7%
� College Degree (%) 44.5%

Wave One Neighborhood SES metrics (from 1990 Census)
Median household income ($ in thousands) 35.4 (14.1) 5.1e139.4
Residents with � high school (%) 29.6 (9.6) 6%e54%
Residents with � college degree (%) 24.1 (15.3) 0%e73%
Residents with income below poverty (%) 9.7 (8.5) 0%e96%
Residents with working class occupations (%) 63.0 (11.5) 27%e100%

Sociodemographic Variables
Age 58.1 (11.6) 35e86
Gender (% female) 55.0%
Race (% non-White) 6.8%

Wave One Health Covariates
Current smoking (% yes) 14.2%
Physical activity (occasions per month) 16.4 (8.3) 0e27
Hypertension medication (% yes) 7.7%
Cholesterol medication (% yes) 4.1%
Diabetes medication (% yes) 1.7%
Chronic conditions 2.2 (2.2) 0e12

a Education was treated as a continuous variable but is presented categorically for descriptive purposes.

Fig. 1. Histogram of cardiovascular health scores from wave two of the MIDUS
biomarker sample.

Table 2
Percentage of individuals of varying individual SES in each tertile of neighborhood
SES.

Neighborhood SES [% (n)]

Bottom Tertile Middle Tertile Top Tertile

Individual SES Bottom Tertile 47.3% (160) 33.2% (111) 20.0% (68)
Middle Tertile 30.5% (103) 38.6% (129) 30.% (104)
Top Tertile 22.2% (75) 28.1% (94) 49.4% (168)
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between neighborhood SES and cardiovascular health at the mean
and at plus and minus one standard deviation of individual SES.
This interaction is depicted in Fig. 2. At the mean and one standard
deviation below the mean on individual SES, there was a significant
positive association between neighborhood SES and cardiovascular
health (low individual SES: B(SE) ¼ 0.33(0.10), p ¼ 0.002; mean
individual SES: B(SE) ¼ 0.19(0.07), p ¼ 0.010), whereas the associ-
ation between neighborhood SES and cardiovascular health was
not significantly different from zero among higher SES individuals
(B(SE) ¼ 0.04(0.08), p ¼ 0.61).
Given the length of time between the two waves of MIDUS

(9e10 years), a number of individuals moved residences (23% of
analytic sample). To consider the influence of movers, multiple
sensitivity analyses were conducted. First, an additional control
variable was added to reflect moving status (yes vs. no), and all
results were identical to those presented above. Second, adding a
control variable reflecting length of time at residence at wave one
did not affect reported results. This likely reflects the fact that when
individuals changed residences, they moved to neighborhoods of
similar SES to their previous residence. Among the 223 individuals
who changed residence between waves, the neighborhood SES
composite measure at both waves was highly correlated (r ¼ 0.93,
p < 0.001).



Table 3
Cardiovascular health (wave two) regressed on wave one individual SES, neighborhood SES, and their interaction, adjusting for covariates (MIDUS study, n ¼ 1012).

Model 1 Model 2

B (SE) b B (SE) b

Neighborhood SES 0.13 (0.07) 0.06* 0.19 (0.07) 0.08*
Individual SES 0.36 (0.07) 0.16*** 0.36 (0.07) 0.16***
Age -0.02 (0.01) -0.10** -0.02 (0.01) -0.09**
Female gender 0.64 (0.14) 0.14*** 0.67 (0.14) 0.15***
Non-white race -0.31 (0.26) -0.04 -0.29 (0.26) -0.03
Physical activity 0.05 (0.01) 0.17*** 0.05 (0.01) 0.17***
Current smoking �1.15 (0.19) -0.18*** �1.13 (0.19) -0.17***
Hypertension medication -0.93 (0.26) 0.11*** -0.97 (0.26) 0.11***
Cholesterol medication -0.65 (0.34) 0.06* -0.64 (0.34) 0.06
Diabetes medication �1.49 (0.51) 0.09** �1.50 (0.51) 0.09**
Chronic conditions -0.07 (0.03) -0.07* -0.06 (0.03) -0.06*
Neighborhood x Individual SES -0.15 (0.06) -0.08*

Model R2 0.188 0.193

Note. *p � 0.05, **p < 0.01, ***p < 0.001. All variables, except for the cardiovascular health outcome, were evaluated at wave one of MIDUS.

Fig. 2. Interaction between neighborhood and individual SES in the prospective pre-
diction of cardiovascular health. Lines represent the association between neighbor-
hood SES and cardiovascular health at the mean and plus and minus one standard
deviation of individual SES. Simple slopes are significantly different from zero at low
and mean levels of individual SES. Estimated values reflect statistical adjustment for
age, gender, race, physical activity, smoking, chronic conditions, and hypertension,
cholesterol, and diabetes medication at baseline.
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4. Discussion

The primary objective of this manuscript was to test competing
hypotheses about the ways in which individual and neighborhood
SES interact to predict cardiovascular health, a metric that com-
bines both biological data and self-reported behavior data. Results
indicated that both individual and neighborhood SES were pro-
spectively associated with cardiovascular health for middle aged
and older adults, such that lower SES individuals and those living in
lower SES neighborhoods had worse cardiovascular health
compared to more advantaged individuals and those living in more
advantaged neighborhoods, respectively. The magnitude of the
association was nearly two times greater for individual, as
compared to neighborhood SES, which is consistent with prior
literature (Pickett and Pearl, 2001). These associations were also
independent of baseline health, implying that the independent
associations between individual and neighborhood SES and later
cardiovascular health endure at least a decade and are consistent
with a causal pathway. Most importantly, there was a significant
interaction between individual and neighborhood SES in the pre-
diction of cardiovascular health. Neighborhood SES was associated
with cardiovascular health at low and average levels of individual
SES. At high levels of individual SES, there was no association be-
tween neighborhood SES and cardiovascular health. Thus, living in
higher SES neighborhoods may benefit the cardiovascular health of
lower SES individuals, in particular.

The pattern of findings was consistent with three of the four
models described in the Introduction. The positive association be-
tween neighborhood SES and cardiovascular health was larger
among lower SES individuals as compared to higher SES in-
dividuals, as predicted by the double jeopardy model, collective
resources model, and fundamental cause theory. Specifically, sup-
porting the double jeopardy model, lower SES individuals had
particularly poor cardiovascular health if they resided in a lower
SES neighborhood (Ferraro and Farmer, 1996), and lower SES in-
dividuals had better cardiovascular health when they resided in a
higher SES neighborhood, as predicted by the collective resources
model (Stafford and Marmot, 2003). Neighborhood SES was not
associated with cardiovascular health among higher SES in-
dividuals, consistent with fundamental cause theory (Link and
Phelan, 1995; Phelan et al., 2010). While fundamental cause the-
ory predicts that having access to higher SES neighborhoods is one
key health-protective resources available to higher SES individuals
(Phelan et al., 2010), the present data support the idea that addi-
tional resources may be relevant to cardiovascular health among
those with high individual SES, as neighborhood SES and cardio-
vascular health were unrelated among this subset of individuals.

One reason why high SES individuals in lower SES neighbor-
hoods may not exhibit poorer health is that these individuals may
spend less time in their neighborhood than lower SES counterparts.
Moreover, theremay be additional resources available to higher SES
individuals that could act to offset any health detrimental effects
associated with living in a lower SES neighborhood, such as
increased mobility, less reliance on neighborhood services, and
financial and psychosocial resources to offset risks at the neigh-
borhood level. However, it is important to recognize that there are
also potential selection issues, as higher SES individuals have more
choices regarding the neighborhoods in which they reside than
lower SES individuals. Phelan et al. (2010) posit that one of theways
in which higher SES individuals are afforded better health is by
selecting into more advantaged neighborhoods. Indeed, in this
sample, while individual and neighborhood SES were modestly
correlated, there were fewer individuals (22.2%) with individual
SES in the top tertile of the distribution residing in neighborhoods
in the bottom tertile of the distribution. Nearly half of the in-
dividuals in the top tertile of the individual SES distribution also
resided in neighborhoods in the top tertile (49.4%). Nevertheless,
and consistent with our extension of the fundamental cause theory,
there was no significant association between neighborhood SES
and cardiovascular health for the highest SES individuals.
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Prior empirical studies also demonstrate differential associa-
tions between neighborhood SES and health as a function of indi-
vidual SES, in a similar pattern to that reported here. For example,
area-level deprivation was more strongly associated with poorer
self-reported health for poorer individuals than for more wealthy
individuals in the Whitehall II study (Stafford and Marmot, 2003).
Further, neighborhood differences in mortality rates were less
consistent among those with higher personal income in the ARIC
study (Borrell et al., 2004) and employment grade differences in
mortality were absent among those residing in areas marked with
low deprivation in the Health and Lifestyle Study (Jones et al.,
2000). Similarly, the disparity in rates of coronary heart disease
as a function of neighborhood disadvantage were larger among
those with low income compared to those with higher income in
the Atherosclerosis Risk in Communities Study (Diez Roux et al.,
2001). In terms of health behaviors, the association between
neighborhood disadvantage and illicit drug use was significantly
stronger among those with lower, as compared to higher, incomes
within a community sample in Detroit (Boardman et al., 2001). The
present study lends additional evidence by showing for the first
time that the cardiovascular health of low SES individuals varies
strongly by the SES of their neighborhoods.

The cardiovascular health metric utilized in the present study
represents a relatively new initiative by the American Heart Asso-
ciation (AHA) to focus population efforts on cardiovascular health
as a positive construct instead of the absence of the clinical disease
(Lloyd-Jones et al., 2010). As such, points are awarded for healthy
behaviors and biological factors within low-risk physiological
ranges. The AHA 2020 objectives include not only reducing rates of
cardiovascular disease and stroke by 20% but also increasing car-
diovascular health by 20%. Unfortunately, prevalence of cardiovas-
cular health is relatively rare in the United States. In the National
Health and Nutrition Examination Survey, less than 1% of adults
had ideal levels of all seven cardiovascular health factors (Shay
et al., 2012). Data from the present study show that there are dis-
parities in cardiovascular health as a function of both individual and
neighborhood level SES, consistent with a large corpus of evidence
documenting disparities on many independent cardiovascular
outcomes (Mensah et al., 2005). It is critical that efforts to improve
cardiovascular health at the population level examine the extent to
which these disparities are reduced or exacerbated.

The present results did not support the relative deprivation
hypothesis. This hypothesis posits that lower SES individuals may
be healthier in lower SES neighborhoods as compared to higher SES
neighborhoods, given that stress associated with upward social
comparisons may pose greater health risks (Wilkinson, 1997), or
that access to health enhancing resources may beworse for low SES
individuals in high SES neighborhoods. Although there has been
prior support for this hypothesis in predicting smoking and
drinking behavior (Chuang et al., 2007; Mathur et al., 2013; Mulia
and Karriker-Jaffe, 2012), there was clear evidence that lower SES
individuals had better cardiovascular health within higher, and not
lower, SES neighborhoods in the present sample. It may be that
subjective social status, such as one's perceived position in their
community, is a more sensitive individual SES measure to assess
relative deprivation than income and educational attainment, given
that individuals have latitude in how they define their “commu-
nity.” Likewise, it is important to note that the current neighbor-
hood assessments were at the census-tract level, which may be a
larger geographic area than individuals may intuitively utilize
when performing social comparisons and assessing relative
deprivation. Therefore, these data may not provide the most robust
test of the relative deprivation theory, and an important avenue for
future research is to assess concordance between both objective
and subjective SES assessments with regard to health risks.
An important consideration in the broader literature on neigh-
borhood effects on health is whether associations are causal in
nature, and empirical findings are conflicting. Some support se-
lective residential mobility as the primary source of between-
person differences in health as a function of neighborhood disad-
vantage. That is, Jokela (2014) reported that poor health predicted
mobility into less advantaged neighborhoods within a 10-year
prospective cohort study in Australia. Similar within-person ana-
lyses failed to support causal associations between neighborhood
deprivation and poor health among adults in the British Household
Panel Survey (Jokela, 2015). Notwithstanding these examples,
another major limitation in this literature is a strong reliance on
observational data (Oakes et al., 2015), making causal claims un-
tenable. However, in support of a causal argument, the landmark
Moving to Opportunity study demonstrated that individuals who
were randomized to receive vouchers to move to areas with less
poverty had lower BMIs and lower glycosylated hemoglobin
(HbA1c; marker of diabetes risk) than the control group ten to
fifteen years following randomization (Ludwig et al., 2011). Another
factor deserving of consideration is the neighborhood context at
birth, as this has enduring effects on health (Glass and Bilal, 2016).
Within the Moving to Opportunity cohort, childrenwho moved out
poverty at younger ages had better health outcomes than those
who moved later in adolescence (Chetty et al., 2015). While the
present study makes an important contribution by examining
prospective associations, the data are insufficient for establishing
causality. Nevertheless, results emphasize the necessity of consid-
ering individual and neighborhood level socioeconomic factors in
combination to discern the pattern of health risks within a
population.

4.1. Limitations

Several limitations of the present study warrant consideration.
First, the samplewas limited in terms of racial/ethnic diversity (7.1%
non-White), thus it is unclear if results will generalize to other
racial/ethnic groups or vary by race/ethnicity. Prior research shows
that neighborhood SES was differentially associated with insulin
resistance and metabolic syndrome as a function of race
(Chichlowska et al., 2008; Diez Roux et al., 2002). As such, an
important direction for future research is to test the intersection of
race/ethnicity, individual SES, and neighborhood SES with regard to
cardiovascular health using a more diverse sample. This analytic
sample is also significantly better educated and in better health
than the baselineMIDUS sample, whichmay limit representation at
the lower end of the individual hierarchy. However, there were no
differences in income between the analytic sample and baseline
sample, and the present measure of individual SES incorporated
both income and educational attainment. Concerns about high
attrition, selective participation, and differential mortality over the
10-year windowmay have biased the sample toward healthier and
more advantaged individuals. Therefore, empirical replications of
the present findings within more representative samples are
necessary, a point echoed by Oakes et al. (2015). A final limitation is
that the cardiovascular health assessment was only available at the
second wave of data collection, so true change in this metric cannot
be detected over time. However, statistical adjustment for several
components of the cardiovascular health measure (albeit self-
reported) and other health measures at baseline did not alter the
primary associations. It is also worth noting that categorization of
some of the individual components within the cardiovascular
health measure may not adequately denote health status. For
example, those with underweight BMI (<18.5 kg/m2) have higher
mortality rates than those with normal BMI (18.5e24.9; Flegal
et al., 2005). Given the cardiovascular health definition, these
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individuals receive points for meeting ideal criteria. However, there
is very low prevalence of underweight individuals (n¼ 4 in analytic
sample; <2% nationally, Fryar and Ogden, 2014), and there are
important benefits of the overall cardiovascular health measure,
described below, that outweigh this limitation.

4.2. Conclusions

Despite these limitations, strengths of the study included using
multidimensional assessments of both individual and neighbor-
hood level SES (and their interaction), a 10-year prospective win-
dow, a national survey of middle aged and older adults, and
including as our health measure a novel and important cardiovas-
cular health marker, that includes measurement of the whole range
of biological and behavioral risk and cardiovascular health rather
than just the absence or presence of disease or risk. The conclusion
is that reducing SES disparities in cardiovascular health will require
attention to the neighborhood context of low SES middle aged and
older adults.
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