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Abstract

There has been recent interest in determining whether neighborhood characteristics are related to the cardiovascular
health of residents. However, there are no data regarding the relationship between neighborhood socioeconomic status
(SES) and prevalence of subclinical cardiovascular disease (CVD) in the elderly. We related personal SES (education,
income, and occupation type) and neighborhood socioeconomic characteristics (a block-group score summing six
variables reflecting neighborhood income and wealth, education, and occupation) to the prevalence of subclinical CVD
(asymptomatic peripheral vascular disease or carotid atherosclerosis, electrocardiogram or echocardiogram
abnormalities, and/or positive responses to Rose Questionnaire claudication or angina pectoris) among 3545 persons
aged 65 and over, without prevalent CVD, in the Cardiovascular Health Study. Sixty percent of participants had at
least one indicator of subclinical disease. Compared to those without, those with subclinical disease had significantly
lower education, income, and neighborhood scores and were more likely to have blue-collar jobs. After adjustment for
age, gender, and race, those in the lowest SES groups had increased prevalence of subclinical disease compared with
those in the highest SES groups (OR =1.50; 95% CI 1.21, 1.86 for income; OR =1.41; 95% CI 1.18, 1.69 for education;
OR=1.39; 95% CI 1.16, 1.67 for block-group score). Those reporting a blue-collar lifetime occupation had greater
prevalence of subclinical disease relative to those reporting a white-collar occupation (OR =1.29; 95% CI 1.02-1.59).
After adjustment for behavioral and biomedical risk factors, all of these associations were reduced. Neighborhood score
tended to remain inversely associated with subclinical disease after adjustment for personal socioeconomic indicators
but associations were not statistically significant. Personal income and blue-collar occupation remained significantly
associated with subclinical disease after simultaneous adjustment for neighborhood score and education. Personal and
neighborhood socioeconomic indicators were associated with subclinical disease prevalence in this elderly cohort. These
relationships were reduced after controlling for traditional CVD risk factors.
© 2004 Elsevier Ltd. All rights reserved.
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Introduction

Socioeconomic status (SES) has been extensively
reviewed in relation to the risk of cardiovascular disease
(CVD) events (Kaplan & Keil, 1993). Multiple studies
have shown inverse associations between socioeconomic
position and prevalence and incidence of CVD (Rose &
Marmot, 1981; Feldman et al., 1989; Marmot et al.,
1991; Diez-Roux, Nieto, Tyroler, Crum, & Szklo, 1995).
Recent work has also shown that living in disadvantaged
neighborhoods is associated with increased coronary
heart disease even after accounting for personal socio-
economic indicators (Diez-Roux et al., 2001b).

There are multiple processes through which personal
and neighborhood socioeconomic characteristics could
affect CVD risk. For example, those with lower
education levels may not be fully aware of the
consequences of eating a diet high in saturated fat or
trans-fatty acids or may not be able to afford a healthy
diet. Those in disadvantaged neighborhoods may not
have access to fresh fruits and vegetables, or they may
not have access to safe places to walk (physical activity)
or otherwise exercise. Those with blue-collar jobs may
face social norms at the workplace that support
smoking, a CVD risk factor more common in blue-
collar job sites. Persons in poverty or facing economic
adversity may experience greater stresses associated with
not being able to pay bills, not feeling safe in their
homes, etc., which may increase catecholamine re-
sponses or other hormones that adversely affect CVD
profiles.

Personal SES has also been related to carotid intima-
media thickness (IMT), an indicator of early, subclinical
atherosclerotic disease (Diez-Roux et al., 1995; Lynch,
Kaplan, Salonen, Cohen, & Salonen, 1995; Lynch,
Kaplan, Salonen, & Salonen, 1997; Lamont et al.,
2000; Rosvall et al., 2000). All of these studies found
protective effects of high SES on either IMT or its
progression. However, findings differed across SES
indicators at the individual level (education, income,
occupation), or across measures of IMT (mean, max-
imum, plaque height, carotid stenosis) (Diez-Roux et al.,
1995; Lynch et al., 1995, 1997; Lamont et al., 2000;
Rosvall et al., 2000). Data relating neighborhood SES
indicators and carotid IMT have not been published.

The purpose of this study was to investigate the cross-
sectional relationships between both personal SES
(education, income, job classification) and neighbor-
hood SES (a score for participant’s geographic block-
group based on area wealth and income) and prevalent
subclinical CVD in a cohort of elderly men and women
in the Cardiovascular Health Study (CHS). Subclinical
disease measures have been shown to be predictive of
future clinical events (Salonen & Salonen, 1993; Bots
et al., 1997, Chambless et al., 1997; Hodis et al., 1998;
O’Leary et al., 1999). Thus, the investigation of factors

associated with early disease is of interest from the point
of view of disease prevention. The examination of
associations between neighborhood characteristics and
measures of subclinical disease also avoids biases
associated with the migration of clinically ill persons
into poorer neighborhoods. In addition, to the extent
that neighborhood characteristics are correlated over a
person’s lifetime, the investigation of associations in an
elderly cohort allows quantification of the relationship
between neighborhood characteristics and a summary
measure of the extent of atherosclerosis developed over
the lifecourse. Potential mediators and confounders of
these relationships were also examined.

Methods
Study population and study variables

The CHS is a population-based longitudinal study of
coronary heart disease and stroke in adults aged 65
years and older (Fried et al., 1991). In 1989-1990, 5201
men and women were recruited from Medicare eligibility
lists in four communities: Forsyth County, North
Carolina; Sacramento County, California; Washington
County, Maryland; and Pittsburgh, Pennsylvania. In
1992-1993, an additional 687 black participants from
three of these four geographic locations (excluding
Washington County, MD) were recruited into the study.

The outcome for this study, collected at the baseline
examination, was the composite index of subclinical
atherosclerosis and CVD developed in the CHS (Kuller
et al., 1994). Briefly, any one or more of the following
criteria was classified as prevalent subclinical disease:
ankle-arm index<0.90, internal carotid wall thick-
ness > 80th percentile, common carotid wall thick-
ness > 80th percentile, carotid stenosis>25%, major
electrocardiogram abnormalities, abnormal ejection
fraction on echocardiogram, abnormal wall motion on
echocardiogram, Rose Questionnaire positive for clau-
dication, or Rose Questionnaire positive for angina
pectoris. The cohort recruited in 1992-1993 did not
undergo echocardiographic assessment, therefore, clas-
sification of subclinical disease for these participants
does not include ejection fraction or wall motion.

Personal SES information was obtained from the
baseline examination interview. Educational attainment
was reported to the interviewer and was scored from 0 to
21 based on the following categories: no schooling
(score=0); grades 1-12 (score=1-12); General Educa-
tional Development test (score=13); 1, 2, or 3 years of
vocational training (score = 14-16); 1, 2, 3, or 4 years of
college (score=17-20); graduate or professional school
(score=21). For the analyses, education was modeled as
an ordinal categorical variable based on three education
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groups (high school or less, some college or vocational
training, completed college or graduate school).

Occupation was defined as usual lifetime occupation
and was selected from a response card as one of the
following:  professional/technical/managerial/adminis-
trative; sales/clerical service; craftsman/machine opera-
tor/laborer;  farming/forestry;  housewife;  other.
Responses in the farming/forestry and craftsman/ma-
chine operator/laborer category were classified as having
a “blue-collar occupation” for purposes of these
analyses. Those reporting housewife, other, or refused
were not included in the occupational analyses, which
were based on a dichotomous variable for blue collar
“yes” or “no”. Personal income was defined as total
family income before taxes from all sources in the past
12 months and was selected from a response card as one
of the following: under $5000; $5000-$7999; $8000—
$11,999; $12000-$15999; $16,000-$24,999; $25,000—
$34,999; $35,000-%$49,999; over $50,000. For the ana-
lyses, income was modeled as an ordinal categorical
variable based on three income groups (<$12,000,
$12,000-$34,999, >$35,000).

Neighborhood socioeconomic characteristics were
summarized in a neighborhood score (BGScore). Cen-
sus-defined block-groups were used as proxies for
neighborhoods. The score was constructed by combin-
ing six variables derived from 1990 US Census data for
block-groups based on the home address the participant
reported at the baseline examination (Diez-Roux et al.,
2001a,b). Variables included in the summary score
represent neighborhood income and wealth (log of the
median household income, log of the median value of
housing units, and the percentage of households
receiving interest income); neighborhood education
(the percentage of adults 25 years of age or older who
had completed high school and the percentage of adults
25 years of age or older who had completed college); and
neighborhood occupation (the percentage of employed
persons 16 years of age or older in executive, manage-
rial, or professional specialty occupations). For each
variable, a z-score, reflecting the deviation of the value
from the mean across all block groups in the sample,
was calculated. The sum of the z-scores for each of the
six variables was deemed the neighborhood summary
score. Block-group score in this sample ranged from
—10.7 to 16.7, with a higher score reflecting a higher SES
for the neighborhood. For the analyses, neighborhood
SES score was modeled as an ordinal categorical
variable based on tertiles of this score.

Additional covariates were collected from the baseline
examination interview and physical examinations. Selec-
tion of covariates for these analyses was guided by
analyses of correlates of subclinical CVD in the CHS by
Kuller et al. (1994), and includes age, gender, race, use
of cigarettes and alcohol, physical activity (total kilo-
calories of activity performed per week), use of anti-

hypertensive medication, systolic blood pressure (SBP),
diastolic blood pressure (DBP), body mass index (BMI),
total serum cholesterol, high-density lipoprotein choles-
terol (HDL), fasting blood glucose, and American
Diabetes Association diabetes status.

Of 5888 participants at baseline, 5174 could be
matched to block groups with available census data.
Of these, 47 were excluded because they matched block
groups with less than 100 persons, less than 30 housing
units, and/or 33% or more persons living in group
quarters. Because we were interested in examining
associations with subclinical disease, an additional
1569 participants with clinical CVD at baseline (atrial
fibrillation or pacemaker or history of intermittent
claudication, peripheral vascular disease, congestive
heart failure, stroke, transient ischemic attack, carotid
surgery, coronary artery bypass graft, percutaneous
transluminal coronary angioplasty, angina, use of
nitroglycerin, or myocardial infarction) were excluded,
as were 22 persons who identified themselves as being
neither black nor white, leaving 3545 participants
available for these analyses.

Statistical analyses

Means and percentage distributions of SES indicators
and covariates for those with and without subclinical
disease were calculated. Student’s ¢-test and chi-square
test were used to assess the significance of the between-
group differences.

Logistic regression models were used to estimate odds
ratios of prevalent subclinical disease for each indicator
of personal SES. Each indicator was then adjusted for:
(1) sociodemographic characteristics (age, gender, and
race); (2) behavioral characteristics (current and former
smoking, alcohol intake, physical activity); and (3)
biological characteristics (SBP, DBP, BMI, serum
cholesterol, HDL, history of diabetes, blood glucose,
use of anti-hypertensive medication). This same series of
logistic regression analyses was conducted for the
neighborhood socioeconomic summary score. Addi-
tional logistic regression analyses relating the neighbor-
hood socioeconomic summary score to prevalent
subclinical disease adjusted for personal SES indicators
were also conducted. Virtually identical results were
obtained after accounting for any potential within-
neighborhood correlation in outcomes usingmodels with
a random neighborhood intercept, so results for the
simpler models are reported.

These analyses were based on the updated CHS
database, which incorporates minor corrections, includ-
ing genetic exclusions, if any, through 2001. Analyses
were conducted using the SAS statistical software
package, version 8.2 (Cary, N.C.). All participants gave
written informed consent and all study protocols were
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approved by the Institutional Review Boards of
participating institutions.

Results

Characteristics of the study sample are presented in
Table 1. The mean (SD) age of the sample included in
these analyses was 72.4 (5.4) years. Just over 38% were
male and 15.9% were Black. Sixty percent had at least
one indicator of subclinical disease. Nearly 25% had an
average family income less than $12,000 and 25% had
an average family income of $35,000 or greater. Over
55% completed high school or less and just over 20%
completed college or more. Blue-collar jobs (farming or
forestry or craftsman, machine operator, or laborer)
were reported by 16.9% of the sample. The mean block-
group characteristics for participants in the sample were
$32,309 for median household income, 79.8% for block-
group percent with complete high school, and 28.4% for
block-group percent with complete college. The mean
overall block-group score was 2.5 and ranged from
—10.7 to 16.7.

Nearly 13% of the sample currently smoked cigarettes
and 26.8% reported using anti-hypertensive medication.
Mean (SD) SBP was 136.4 (21.5) mmHg and mean (SD)
DBP was 71.5 (11.1)mmHg. Total serum cholesterol
was elevated at 212.5 (38.6) mg/dl, while HDL averaged
56.0 (15.9) mg/dl.

As compared to those without prevalent subclinical
disease at baseline, those with subclinical disease had
significantly lower education, personal income, and
neighborhood scores and were more likely to have
blue-collar jobs (Table 1). They were also older and
more likely to be male, Black, current smokers, and
users of anti-hypertensive medications. Those with
subclinical disease had higher SBP and fasting plasma
glucose levels and lower HDL levels. They also reported
less physical activity than those without subclinical
disease.

Results from logistic regression relating personal and
area SES indicators and subclinical disease are presented
in Table 2. In models adjusted for age, gender, and race,
those in the lowest income group (<$12,000 per year)
had a 50% higher odds of having subclinical disease
when compared with those in the highest group
(>935,000 per year) (OR=1.50, 95% CI 1.21-1.86).
Similarly, those in the lowest education group (less than
high school) had a 41% higher odds of having
subclinical disease when compared with those in the
highest group (completed college or graduate school)
(OR=1.41, 95% CI 1.18-1.69). Blue-collar workers also
had significantly greater odds of disease compared with
white-collar workers (OR=1.29, 95% CI 1.05-1.59).
Persons in the least wealthy tertile of block-group score
had a 39% greater odds of subclinical disease compared

with those in the most wealthy tertile (OR=1.39, 95%
CI 1.16-1.67), and those living in the second tertile also
were at increased risk (OR=1.21, 95% CI 1.02-1.43).

Adjustment for behavioral covariates (current and
former smoking, alcohol consumption, physical activity)
did not impact these relationships. After additional
adjustment for biological covariates (BMI, SBP, DBP,
total serum cholesterol, HDL, fasting plasma glucose,
history of diabetes, and wuse of anti-hypertensive
medication), only higher income remained significantly
protective (Table 2). After adjustment for behavioral
and biological risk factors, the association with sub-
clinical disease prevalence was reduced in the lowest
group relative to the highest group for income
(OR=1.27; 95% CI 1.01-1.61), education (OR=1.18;
95% CI 0.98-1.43), and block-group score (OR =1.22;
95% CI 1.00-1.48). The association with subclinical
disease was reduced by 34% for blue-collar occupation
(OR=1.19; 95% CI 0.96-1.49).

Results from logistic regression relating area SES
indicators and subclinical disease adjusted for personal
SES factors and CVD risk factors are presented in Table
3. While point estimates suggest that persons in the
lowest tertile of BGScore were more likely to have
prevalent subclinical disease than those in the highest
tertile even after adjustment for personal socioeconomic
indicators and cardiovascular risk factors, none of the
estimates achieved statistical significance. Personal
income remained significantly inversely related to
prevalent subclinical diseaseafter adjustment for neigh-
borhood score, education, and occupation(OR =1.45;
95% CI 1.09-1.93 for the lowest relative to the highest
groups), but this association was attenuated and became
non-statistically significant in the model including
behavioral and biomedical risk factors (OR=1.27,
95% CI 0.92-1.76). Having a blue-collar job was also
significantly associated with increased risk of subclinical
disease after adjustment for income, education, and
block-group score (OR=1.29; 95% CI 1.03-1.62), but
was also attenuated after risk-factor adjustment
(OR=1.10; 95% CI 0.85-1.42).

Discussion

The relationship between CHD and personal SES has
been established (Kaplan & Keil, 1993). Other data
suggest that neighborhood-level SES also impacts CHD
risk, independent of personal SES (Diez-Roux et al.,
2001b). It is less clear whether socioeconomic conditions
are related to subclinical atherosclerosis and CVD in
older adults. Our findings show that older persons with
subclinical disease had lower education and household
income and were more likely to have blue-collar jobs
compared with those without prevalent subclinical
disease. Further, older persons with subclinical disease
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Table 1
Means (SD) and percent distributions of socioeconomic status indicators and cardiovascular disease risk factors for entire sample and
by subclinical disease prevalence

Entire sample No subclinical Subclinical disease p-value®
(N = 3545) disease (N = 1419) (N = 2126)
Demographic variables
Age (years) 72.4 (5.4) 71.0 (4.6) 73.3 (5.7) <0.001
Male (%) 38.3 324 42.3 <0.001
Black (%) 15.9 14.1 17.1 0.020
Subclinical disease status
Any subclinical disease (%) 60.0 n/a n/a n/a
Personal SES variables
Income (%) <0.001
<$12,000 24.4 20.0 27.3
$12,000-$34,999 51.0 52.8 49.9
>$35,000 24.6 27.2 22.8
Education (%) <0.001
High school or less 55.3 S1.1 58.0
Some college or vocational training 23.3 25.3 21.9
Complete college or graduate 21.5 23.6 20.1
school
Blue-collar job (%) 16.9 13.5 18.9 <0.001
Neighborhood SES variables
Block group score (range —10.7 to 2.5 2.9 (5.0) 2.2 (5.1) <0.001
16.7)
Median value of housing units ($) 103,965 (61,476) 107,843 (63,643) 98,831 (59,861)
Median household income ($) 32,248 (14,997) 33,131 (15,053) 31,658 (14,749)
Adults completing high school (%) 79.8 80.9 79.7
Adults completing college (%) 28.4 30.0 27.4
Households receiving interest income 45.7 47.5 44.6
(%)
Employed persons in managerial/ 33.0 33.6 31.2
professional jobs (%)
Cardiovascular disease risk factors
Smoking status (%) <0.001
Never smokers 47.7 52.5 44.6
Former smokers 39.5 38.2 40.4
Current smokers 12.7 9.3 15.1
Users of anti-hypertensive meds (%) 36.8 29.7 41.6 <0.001
Alcohol intake (drinks/week) 2.8 (6.8) 2.7 (6.7) 2.8 (6.9) 0.574
Physical activity (Kcal/week) 1771 (2039) 1919 (2093) 1680 (2003) <0.001
Body mass index (kg/m?) 26.6 (4.7) 26.5 (4.8) 26.7 (4.5) 0.432
Diastolic blood pressure (mmHg) 71.5 (11.1) 71.7 (10.6) 71.3 (11.4) 0.267
Systolic blood pressure (mmHg) 136.4 (21.5) 131.9 (19.3) 139.34 (22.3) <0.001
Total serum cholesterol (mg/dl) 212.5 (38.6) 211.3 (35.9) 213.5 (40.1) 0.098
HDL cholesterol (mg/dl) 56.0 (15.9) 58.1 (16.0) 54.7 (15.7) <0.001
Glucose (mg/dl) 108.8 (34.7) 104.2 (25.6) 111.8 (39.3) <0.001

#p-value for difference between those with and without prevalent subclinical disease.
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Table 2

QOdds ratios of subclinical disease prevalence by categories of personal socioeconomic indicators and area socioeconomic characteristics

Odds ratio (95% CI)

Model 1 Model 2 Model 3
Income
<$12,000 1.50 1.44 1.27
(1.21-1.86) (1.16-1.81) (1.01-1.61)
$12,000-$34,999 1.11 1.12 1.02
(0.94-1.33) (0.94-1.33) (0.85-1.22)
>§$35,000 1.0 1.0 1.0
Education
High school or less 1.41 1.38 1.18
(1.18-1.69) (1.16-1.65) (0.98-1.43)
Some college or vocational training 1.13 1.11 1.01
(0.92-1.39) (0.90-1.36) (0.81-1.25)
Complete college or graduate school 1.0 1.0 1.0
Blue-collar job 1.29 1.26 1.19
(1.02-1.59) (1.01-1.55) (0.96-1.49)
Block group score
Tertile 1 1.39 1.40 1.22
(1.16-1.67) (1.16-1.69) (1.00-1.48)
Tertile 2 1.21 1.22 1.15
(1.02-1.43) (1.03-1.45) (0.96-1.37)
Tertile 3 1.0 1.0 1.0

Model 1 adjusted for age, gender, and race.

Model 2 adjusted for covariates in Model 1 plus current and former smoking, alcohol intake, and physical activity.
Model 3 adjusted for covariates in Model 2 plus BMI, SBP, DBP, total serum cholesterol, HDL cholesterol, fasting blood glucose,

ADA diabetes status, use of anti-hypertensive medication.

Table 3

Odds ratios of subclinical disease prevalence by area socio-
economic status to subclinical disease, adjusted for personal
socioeconomic indicators and risk factors

Odds ratio (95% CI)

Model 1 Model 2 Model 3
Block group score
Tertile 1 1.19 1.25 1.15
(0.94-1.49)  (0.97-1.60)  (0.88-1.50)
Tertile 2 1.06 1.12 1.12
(0.86-1.30)  (0.90-1.39)  (0.89-1.41)
Tertile 3 1.0 1.0 1.0

Model 1 adjusted for education, income, blue-collar occupa-
tion.
Model 2 adjusted for covariates in Model 1 plus age, gender,
race.
Model 3 adjusted for covariates in Model 2 plus current and
former smoking, alcohol intake, physical activity, BMI, SBP,
DBP, total serum cholesterol, HDL cholesterol, fasting blood
glucose, ADA diabetes status, use of anti-hypertensive medica-
tion.

were more likely than those without to live in neighbor-
hoods with lower overall socioeconomic scores. Adjust-
ment for behavioral and biological factors, which may
partly mediate SES differences, diminished the strength
of these associations, but did not fully explain the
relationships. While neighborhood score appears to be
inversely related to prevalent subclinical disease, espe-
cially for those in the highest tertile compared with those
in the lowest, these associations were no longer
statistically significant after adjustment for personal
SES.

There are relatively few studies that examine the
impact of personal SES on subclinical atherosclerosis,
with the majority of those assessing carotid IMT (Diez-
Roux et al., 1995; Lynch et al., 1995, 1997; Lamont et al.,
2000; Rosvall et al., 2000). Overall, SES appears to be
related to IMT, but it remains unclear whether the
association between personal SES and subclinical CVD
is explained by traditional CVD risk factors. Among
Finnish men aged 42-60 years, there were significant
inverse relationships between education, income, and
lifetime occupation and IMT, but the magnitude of risk
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was greatly diminished with adjustment for CVD risk
factors (Lynch et al., 1995). However, additional
analyses excluding men with prevalent CVD showed
that the effect sizes persisted after risk-factor adjust-
ment, as did the effect of SES on progression of IMT
(Lynch et al., 1997). Analyses from the ARIC study
found that, among persons without prevalent CVD,
associations of personal socioeconomic indicators
with IMT were greatly attenuated after adjustment
for cardiovascular risk factors (Diez-Roux et al.,
1995). In our analyses of elderly men and women
without prevalent CVD, associations of personal
and neighborhood SES with subclinical disease were
also attenuated after adjustment for behavioral and
biological covariates, although differences by
personal income and education remained statistically
significant.

In interpreting risk-factor adjusted results, it is
important to emphasize that these risk factors are likely
to be mediators rather than confounders of socio-
economic differences. Even if the risk-factors studied
wholly mediate the socioeconomic differences, there are
several reasons why associations of socioeconomic
indicators with subclinical disease could persist after
adjustment for established cardiovascular risk factors.
Measurement error in the risk factors themselves is a
possibility. In addition, in the elderly, risk-factor
measures late in life may not adequately capture
exposure to these risk factors over the lifecourse, and
long-term exposures may be particularly relevant
because atherosclerotic disease develops gradually over
time. It may also be that SES differences in subclinical
disease are mediated through processes that do not
involve traditional risk factors, such as neurohormonal
or biochemical reactions to stress. However, the inter-
pretation of the persistence of associations after adjust-
ment for risk factors as evidence of other mechanisms
needs to be done cautiously given the limitations of
estimating “‘direct effects” by adjusting for known
mediators (Robins & Greenland, 1992). Differences in
the precision with which both outcomes and risk factors
are measured may also explain differing results in the
literature regarding the extent to which SES differences
in subclinical disease do or do not persist after risk-
factor adjustment. In addition, the persons included in
the current analyses are a selected group in that they
have avoided clinically manifest CVD well into the
seventh decade of life and beyond. It is possible that in
this group, standard risk factors are less strongly related
to subclinical disease. It is also possible that cross-
sectional analyses reflect a downward drift of ill persons
into low SES groups, although this is unlikely when
subclinical disease (as opposed to clinically manifest
disease) is the outcome.

There is little or no information relating SES (at either
the neighborhood or individual-level) to indicators of

subclinical disease other than carotid IMT. Whitehall II
study investigators reported an inverse association
between employment grade and both angina prevalence
and electrocardiogram abnormalities (Marmot et al.,
1991). Another study found lower likelihood of positive
response to Rose angina among those being served at a
large public hospital treating a mostly low SES clientele
compared with those treated at a middle class HMO-
based hospital, but only among White subjects and not
among Latino or Black subjects (Haywood, Ell, Sobel,
de Guzman, & Blumfield, 1993). In the Healthy Women
Study, education was inversely related to EBCT-
assessed coronary and aortic calcification among post-
menopausal women asymptomatic for CVD (Gallo,
Matthews, Kuller, Sutton-Tyrrell, & Edmundowicz,
2001). Our measure of subclinical disease is a composite
of several measures, including IMT, ECG abnormalities,
and Rose angina scores. Further analyses should be
done in the CHS to assess whether particular aspects of
subclinical disease are more affected by socioeconomic
position than other indicators. The high prevalence of
subclinical disease in this elderly cohort may also have
hampered our ability to detect associations with socio-
economic factors.

There have been no previously reported findings
relating neighborhood SES to subclinical disease. We
found a strong trend across levels of neighborhood
characteristics for the likelihood of subclinical disease.
Again, behavioral risk factors did not account for the
relationship, although adjustment for biological factors
reduced the relationship somewhat. Although an inverse
trend was still apparent, associations of neighborhood
score with subclinical disease were no longer statistically
significant after adjustment for personal socioeconomic
indicators.

On the other hand, personal SES continued to be
related to subclinical disease after accounting for
neighborhood SES. This was true for income, even
though the limitations of income as a marker of
socioeconomic position in elderly adults has been noted
(Robert & House, 1996). There was no evidence in our
data that associations of neighborhood characteristics
with disease were especially strong in the elderly, or that
neighborhood SES was more strongly related to disease
than personal SES in this age group. However, our
findings regarding the absence of statistically significant
neighborhood differences after adjustment for personal
socioeconomic indicators need to be interpreted with
caution due to the gross misspecification of neighbor-
hood characteristics, even when compared to personal
income. Measurement error in neighborhood character-
istics is likely to be especially important when a single
measure pertaining to place of residence in old age (as
opposed to a lifecourse measure) is used.

An important limitation of our study is its cross-
sectional nature. However, it is unlikely that the
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socioeconomic exposures that we investigated are the
consequence of subclinical disease. The limitations of
using block groups as proxies for neighborhoods have
been noted (Diez-Roux, 2001) and arise from the fact
that block-groups are likely to be very imperfect proxies
for true “neighborhoods”. In addition, both personal
and neighborhood characteristics were assessed in old
age and may be poor proxies of SES and neighborhood
trajectories over the lifecourse which would be the most
relevant factors to examine in relation to subclinical
disease in the elderly. Wealth may also provide a better
assessment of personal SES than income, which can
substantially decline after retirement. Although there is
a range of values for education, occupation, etc., the
CHS cohort is known to be healthier and more educated
than the general population of older adults from which
the cohort was drawn. This may have made it more
difficult to detect associations of personal and neighbor-
hood characteristics with subclinical disease.

Our results show that socioeconomic advantage is
inversely associated with the burden of subclinical CVD
in old age. The patterning of subclinical disease by
socioeconomic factors in the elderly strongly suggests
that differences in cumulative exposures over the
lifecourse, which are patterned by SES, are related to
the development of atherosclerosis. Further work is
needed to determine the processes through which
socioeconomic factors over the lifecourse shape the
development of cardiovascular risk.
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