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Abstract

A major limitation of past work on the social patterning of atherosclerosis has been the reliance on
measures of neighborhood or individual-level socioeconomic position (SEP) assessed at a single
point in time in adulthood. Risk of chronic disease is thought to accumulate throughout the life-
course, so the use of a measure for a single point in time may result in inaccurate estimates of the
social patterning of subclinical disease. Using data from the US Multi-Ethnic Study of
Atherosclerosis (MESA), we examined the relation between childhood SEP [CSEP] (father or
caretaker’s education), adulthood SEP [ASEP] (a summary score of income, education, and
wealth), and 20-year average exposure to neighborhood poverty [NSEP] (residential addresses
geocoded and linked to census data) and the prevalence of subclinical atherosclerosis, as assessed
by common carotid intimal-medial thickness (IMT) in mid to late adulthood. Participants were
45-84 years of age at baseline and were sampled from six study sites in the United States. After
adjustment for age, CSEP and ASEP were both inversely and independently associated with IMT
in men. All three indicators CSEP, ASEP, and NSEP were inversely and independently associated
with IMT in women. Associations were somewhat reduced after adjustment for cardiovascular risk
factors, suggesting that these factors may play a mediating role. There was evidence of
heterogeneity in effects of NSEP by gender, and in the effects of ASEP and NSEP by race/
ethnicity. Our results contribute to the growing body of work that shows that SEP at multiple
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points in the life-course, and at the individual and neighborhood level, contributes to the
development of atherosclerosis.
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Introduction

Numerous studies have shown that cardiovascular risk is socially patterned, with persons of
low income or low education having higher prevalence, incidence and mortality from
cardiovascular disease than persons of high income or education (Kaplan & Keil, 1993).
Recent work has also shown that cardiovascular risk is patterned by neighborhood
socioeconomic characteristics, with persons living in socioeconomically disadvantaged
neighborhoods having higher prevalence, incidence, and mortality from cardiovascular
disease than those living in more advantaged neighborhoods, even after controlling for
measures of personal socioeconomic position (SEP) (Cubbin & Winkleby, 2005; Diez Roux,
Borrell, Haan, Jackson, & Schultz, 2004; Diez-Roux et al., 1997; Diez Roux et al., 2001,
Stjarne, Fritzell, De Leon, Hallgvist, & SHEEP Study Group, 2006; Sundquist, Malmstrom,
& Johansson, 2004; Sundquist, Winkleby, Ahlen, & Johansson, 2004).

The biological processes responsible for this social patterning of cardiovascular events are
not completely known. SEP could be related to the development of atherosclerosis and/or to
the triggering of clinical events or deaths in persons with underlying atherosclerotic disease.
A number of studies have investigated the social patterning of subclinical atherosclerosis and
have consistently reported a higher prevalence of subclinical atherosclerosis in late
adulthood among persons of lower SEP compared to those of higher SEP, as characterized
by individual-level or neighborhood-level (Diez-Roux, Nieto, Tyroler, Crum, & Szklo, 1995;
Lamont et al., 2000; Lynch, Kaplan, Salonen, Cohen, & Salonen, 1995; Lynch, Kaplan,
Salonen, & Salonen, 1997; Nordstrom, Diez Roux, Jackson, & Gardin, 2004; Rosvall et al.,
2000). These findings suggest that social factors may pattern the development of
atherosclerosis itself.

A major limitation of past work on the social patterning of atherosclerosis has been the
reliance on measures of neighborhood or individual-level SEP assessed at a single point in
time in adulthood. Atherosclerosis is known to develop over the life-course, possibly
beginning as early as childhood (Brownson, Remington, & Davis, 1998; Labarthe, 1998).
Thus, the investigation of measures of SEP assessed late in life could result in inaccurate
estimates of the social patterning of subclinical disease, particularly if SEP changes over a
person’s life-course and if childhood exposures are important to the development of
atherosclerosis later in life. Although several studies have reported associations of life-
course SEP with cardiovascular events (Pollitt, Rose, & Kaufman, 2005), only one study of
which we are aware has investigated associations of life-course measures of SEP, measured
at both the individual and neighborhood-level, with the presence of subclinical
atherosclerosis (Carson et al., 2007). Identifying an association between life-course SEP and
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the presence of subclinical atherosclerosis in adulthood would argue for targeting
preventative efforts at disadvantaged groups early in life.

Using data from the Multi-Ethnic Study of Atherosclerosis (MESA), a large, multi-ethnic,
cohort study of the determinants of subclinical atherosclerotic disease, we examined if
childhood SEP, adulthood SEP, and 20-year average exposure to neighborhood poverty are
related to the amount of subclinical atherosclerosis present in mid and late adulthood. We
hypothesized that all three measures would be independently related to subclinical
atherosclerosis, as assessed by carotid artery intimal-medial thickness (IMT), a validated
measure of early atherosclerosis (Bots, 2006; Poredos, 2004).

The MESA is a population-based study of 6814 men and women recruited from six US
Communities (Baltimore, MD; Chicago, IL; Forsyth County, NC; Los Angeles County, CA,;
northern Manhattan, NY; and St. Paul, MN). Participants were 45-84 years old and
clinically free of cardiovascular disease at baseline. The methods used for sampling and
study design have been reported elsewhere (Bild et al., 2002). Approximately 38% of the
cohort is white, 28% African American, 23% Hispanic, and 11% Chinese. The baseline
examination of the cohort (on which these analyses are based) took place between July 2000
and August 2002.

Three dimensions of SEP were investigated in these analyses: childhood SEP (CSEP), adult
SEP (ASEP), and 20-year average exposure to neighborhood poverty (NSEP). The three
dimensions of SEP were investigated because they provide complementary information on
exposure to social conditions over the life-course. CSEP may be related to atherosclerosis
later in life through its effects on the development of behaviors that track into adulthood
and/or through its effects on biological processes occurring at critical points early in life
which are related to the subsequent development of atherosclerosis. ASEP may be related to
the presence of atherosclerosis through its effects on the presence of behavioral and
psychosocial factors known to be involved in the development of atherosclerosis. Long-term
exposure to NSEP may be related to the development of atherosclerosis through the effects
of social and physical environments on behaviors and psychosocial processes related to
atherosclerosis (Hallgvist, Lynch, Bartley, Lang, & Blane, 2004; Kaplan & Keil, 1993;
Lynch & Smith, 2005).

Based on prior work (Galobardes, Lynch, & Smith, 2007; Galobardes, Smith, & Lynch,
2006; Singh-Manoux, Ferrie, Chandola, & Marmot, 2004), CSEP was characterized based
on father’s or primary caretaker’s education, as reported by study participants on a self-
administered questionnaire as part of one of the MESA examinations. Participants were
asked to choose their father’s, or primary caretaker’s, level of education from six categories:
no schooling, some schooling but did not complete high school, high school degree, some
college but no college degree, college degree, or graduate/professional degree. The father or
primary caretaker’s education was selected because it was the variable most likely to reflect
CSEP for the age cohorts included in MESA.
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Several measures of adult SEP were available. These indicators measure different
dimensions of the construct of adult SEP. Similar to prior work (Pollitt et al., 2005) we
summarized these indicators into an ASEP score by combining information on income,
education and wealth (home ownership, car ownership, investments, ownership of other land
or property). As part of the baseline examination, participants were asked to select their total
gross family income in the past 12 months from 13 categories. Income was collapsed into
four categories (<$25,000, $25,000-39,999, $40,000-74,999, or =$75,000) for these
analyses. Participants also reported the highest education level completed. Education was
categorized into four categories (completed high school or less, some college but no degree/
technical school certificate, associate or bachelor’s degree, or graduate/professional degree)
for these analyses. The four wealth variables were: (1) whether the participant, or their
family, had investments such as stocks, bonds, mutual funds, retirement investments, or
other investments (yes/no), (2) whether the participant owned their home (yes/no) (3)
whether the participant owned a car (yes/no) (4) whether the participant owned land or
another property that was not their primary residence (yes/no). A summary ASEP score was
created by summing scores for income (0-3, from lowest to highest category) and education
(0-3 from lowest to highest) and adding one point for each wealth indicator present. Thus,
the range of values for ASEP was 0-10, with higher values indicating greater ASEP.

NSEP was characterized based on a residential history questionnaire linked to US census
data. Census tracts were used as proxies for neighborhoods. Neighborhood census tract
poverty was chosen as the key neighborhood variable investigated because it is often used in
sociological work to characterize neighborhood conditions (Krieger, Williams, & Moss,
1997), it was measured in a standardized manner for all the US censuses relevant to the
period of study, and its definition has been modified over time by the US census to account
for changes in the cost of living. The Pearson’s correlation between year 2000 neighborhood
census tract poverty and other frequently used neighborhood SEP measures is —0.54 for
average household income, —0.42 for percent adults completed college, and —0.48 for
percent adults in managerial/professional occupations.

In order to assign a measure of 20-year neighborhood poverty exposure to each participant,
we obtained 20-year residential history information from a questionnaire administered by
interviewers as part of one of the study clinic visits. Participants were asked for their address
(street number and name, city, county, state, and zip code) in January of 1980 and all
subsequent addresses. If a subject had more than one address in the time period, the month
and year of departure from each address were ascertained. Those unable to provide complete
addresses were asked to supply the street name and the closest cross-street. Each address
was geocoded and assigned latitude and longitude coordinates. Of the total of 14,522
addresses reported, exact coordinates were obtained for 10,257, 166 were geocoded to the
block group centroid, 36 were geocoded to the census tract centroid, 3076 were geocoded to
the county centroid, and 987 could not be geocoded (centroid refers to the center of the
geographic location). Latitude and longitude coordinates were used to assign 1980, 1990,
and 2000 census tract codes to each address. Information on census tract poverty level
(specifically percent of residents living below the poverty level) for each location was
obtained from the Neighborhood Change Data Base (NCDB). The NCDB allows
comparison across various census years by recalculating and normalizing past census years
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to 2000 census tract boundaries. Smaller block groups are used to determine the population-
weighted proportion of a 1970, 1980, or 1990 tract that falls within the geographic
boundaries of year 2000 tracts. Estimates for prior census years normalized to year 2000
boundaries are then obtained by applying appropriate weights (based on these proportions)
to tract data for prior years (Geolytics Inc.).

Addresses reported by each MESA participant in the Residential History questionnaire were
assigned the census value for the corresponding census year (1980, 1990, or 2000). For
intercensal years we interpolated the value for that year based on the two closest censuses
using simple linear interpolation. Using this approach we created a database that contains a
measure of census tract poverty for each month between January 1980 and the date of the
MESA baseline exam for each study participant. A continuous curve was fitted to each
participant’s data by connecting successive non-missing monthly values of percent poverty
with straight lines. The area under this continuous line then divided by the number of
months from January 1980 to the date of the baseline exam to produce a measure of average
exposure to neighborhood (census tract) poverty for the 20-year period for each person
(mean = 0.14, range = 0.01-0.71). The reliability of the measure of NSEP was examined in a
subset of 505 participants who repeated the residential history questionnaire twice
(approximately 1 year apart). The Pearson’s correlation coefficient between the NSEP
exposures assessed using the two repeat questionnaires was 0.95.

Common carotid IMT was the measure of subclinical atherosclerosis examined. The
common carotid IMT measurements were made non-invasively with a high-resolution B-
mode ultrasonography (Logia 700 ultrasound machine; General Electric Medical Systems).
The reported IMT reflects the mean of all available maximum wall thicknesses across all
scans, across both left and right sides, and across the near and far walls. Central reading of
IMT was done at the Tufts-New England Medical Center (Boston, MA). Common carotid
IMT, as assessed by B-mode ultrasound, is a noninvasive, relatively simple, inexpensive,
precise, reproducible, and valid measure of early atherosclerotic changes in the carotid.
Carotid IMT has been shown to be associated with CHD risk factors, prevalent coronary
heart disease, and subsequent CHD events (Bots, 2006; Poredos, 2004). The common
carotid IMT was chosen because it has been examined more frequently than the internal
carotid IMT, is easier to image than the internal carotid IMT, generally produces less
amounts of missing data, and has been shown in some studies to have a stronger association
with myocardial infarction (Belcaro et al., 1993; Crouse, Craven, Hagaman, & Bond, 1995;
Frost, Friedl, & Beischer, 1998; Howard et al., 1993; O’Leary et al., 1991; Salonen &
Salonen, 1994). Common carotid IMT was not highly skewed and was treated as a
continuous variable in these analyses.

Age, gender, and race/ethnicity were obtained from the baseline examination interview.
Race/ethnicity was classified as one of four categories: white non-Hispanic, African
American non-Hispanic, Chinese, and Hispanic. Established cardiovascular risk factors were
also examined in some analyses. Resting blood pressure was measured three times with a
Dinamap PRO 100 automated oscillometric device (Critikon Inc., Tampa, FL). The average
of the final two blood pressure readings was used for this analysis. Hypertension was
defined by the INC VI (1997) criteria as: systolic blood pressure =140 mm Hg or diastolic

Soc Sci Med. Author manuscript; available in PMC 2017 May 25.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lemelin et al.

Page 6

blood pressure =90 mm Hg or use of anti-hypertensive medication. Cigarette smoking was
based on self-report and classified into one of three categories: current, former, or never.
Body mass index (BMI) was calculated using weight (kg)/height (m)2. Diabetes mellitus
was defined by the 2003 ADA criteria of fasting glucose 2126 mg/dL, use of insulin or oral
hypoglycemic agents (OHGAS), or self-reported physician diagnosis. Impaired fasting
glucose was defined by fasting glucose = 100-125 mg/dL if the person was not using insulin
OHGAs and did not report a physician diagnosis of diabetes. High-density lipoprotein
cholesterol (HDL) and low-density lipoprotein cholesterol (LDL) were assessed using
standard methods (Poredos, 2004). Physical activity was assessed by two variables: leisure
physical activity (total walking, dancing/sport, and conditioning MET-min/wk) and a
sedentariness score (total MET-min/week spent in sedentary activities such as TV watching,
reading, knitting, sitting, doing nothing, or non-work recreational computer) using a
validated questionnaire (Ainsworth et al., 2000). Diet was summarized using two factors
(fats and processed meats & whole grains and fruit) identified through factor analyses of
dietary data collected using a standardized questionnaire (Mayer-Davis et al., 1999;
Nettleton et al., 2006).

Statistical analysis

First, we examined sociodemographic characteristics and mean common carotid IMT for
categories of each socioeconomic indicator using ANOVA (continuous variables) and the
chi-square statistic (categorical variables). Multiple linear regression was used to assess the
association of CSEP, ASEP, and NSEP with IMT. All SEP measures were modeled as
categorical variables based on three groups: low, medium, or high SEP (CSEP: parental
education less than high school, completed high school, or more than a high school
education; ASEP: 0-4, 5-7, 8-10; NSEP: >17.2% poverty, 7.6—-17.2% poverty, or <7.6%
poverty). Models were fitted to estimate the effect of these exposures separately and in pairs.
The final model included all three types of measures (CSEP, ASEP, and NSEP). Because
race/ethnicity may be partly confounding associations of SEP with IMT, models were fitted
before and after adjustment for race/ethnicity. We chose to adjust for race/ethnicity only
after including the SEP indicators because SEP may be one of the reasons for race/ethnic
differences, and adjusting for race/ethnicity would preclude identification of SEP effects.
Because of potential differences in associations of SEP with atherosclerosis by gender, all
models were run separately for men and women. Stratification by site reduced the sample
size too much so results were not reported.

In order to examine the potential role of CVD risk factors as mediators of any differences
observed, final models were rerun after adjustment for traditional CVD risk factors
[hypertension (yes/no), cigarette use (current, former, never), BMI (continuous), diabetes
status (impaired fasting glucose, diabetes, normal), HDL (continuous), LDL (continuous),
physical activity (continuous), fats and processed meats diet (continuous), and whole grains
and fruit diet (continuous)]. We performed tests for trend by treating each SEP measure as
an ordinal variable in regressions. The interaction of each of the three SEP measures with
gender and race/ethnicity was investigated by including interaction terms in the regression
equations and comparing models using Ftests (Hosmer & Lemeshow, 2000). These p-values
for interaction (or for heterogeneity of effects) indicate whether differences in the
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association of the SEP measure with IMT across genders or across race/ethnicity are
statistically significant.

Of 6814 participants at baseline, 5871 (86%) completed the residential history questionnaire.
Of these, 797 were excluded because one or more addresses could not be geocoded and 132
were excluded because poverty values were not available for one or more of the tracts in
which they had lived since January of 1980, leaving at total of 4942 participants with
complete neighborhood poverty information. An additional 55 were excluded because
carotid IMT information was not available, and 464 were excluded due to missing adult
(206) or childhood (258) SEP measures, leaving 4423 available for analysis. Compared to
persons included in the analyses, persons excluded were significantly more likely to be
younger, Chinese or Hispanic, and be in the lower income or educational categories,
although differences were generally not large.

The mean age was 62.0 years, 48% were male, 45% White, 27% African American, 7%
Chinese, and 21% Hispanic. Fifty-five percent of the sample were in the lowest category of
CSEP (father did not complete high school), 34% of the sample were in the lowest category
of education (completed HS or less), 27% of the sample were in the lowest category of
income (<$25,000), 74% owned their own home, 85% owned at least one car, 68% had
investments, and 33% owned land or business property that was not their primary residence.
Forty-six percent of participants reported only one address for the whole period, 26%
reported two addresses, 13% three addresses, 7% four addresses, and 7% five or more
addresses. Participant’s with a higher number of addresses were significantly more likely to
be younger, White, have had a higher CSEP, a higher ASEP, and were less likely to have
lived in poor neighborhoods over the past 20 years (data not shown). The mean NSEP was
15% (standard deviation [SD] 11%), meaning that on average since 1980 participants lived
in a census tract where 15% of residents were below the poverty level. Spearman’s
correlations between SEP measures were 0.34 for CSEP and ASEP; 0.15 for CSEP and
NSEP; and 0.36 for ASEP and NSEP. The mean common carotid IMT was 896.2 um (SD
194.4) in men and 846.5 mm (SD 180.2) in women.

Selected characteristics for categories of CSEP, ASEP, and NSEP are shown in Table 1.
Participants in the higher CSEP tertiles were significantly more likely to be younger, White
or Chinese, to have had a higher ASEP, have lived in less poor neighborhoods at the MESA
baseline, and were less likely to have lived in poor neighborhoods over the past 20 years.
Participants in the higher ASEP tertiles were significantly more likely to be younger, female,
White, have had a higher CSEP, have lived in less poor neighborhoods at the MESA
baseline, and were less likely to have lived in poor neighborhoods over the past 20 years. All
components of ASEP (income, education, investments, home, car, and land ownership)
followed the same pattern as the summary measure (Supplementary Table S1). Participants
in the highest NSEP category (i.e. who had lived in neighborhoods of low poverty for the
past 20 years) were significantly more likely to be older, male, be White, had higher CSEP
and ASEP and lived in less poor neighborhoods at the MESA baseline.
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Tables 2 and 3 show the associations between common carotid IMT and the three measures
of SEP for males and females, respectively. In men, both low CSEP and low ASEP were
associated with greater carotid IMT after adjustment for age. NSEP was not consistently
associated with IMT in age-adjusted models. Both CSEP and ASEP remained associated
with IMT after adjustment for each other, although only CSEP was statistically significant at
the 0.05 level. The further addition of NSEP and race/ethnicity did not substantially change
the associations between CSEP or ASEP and IMT, although the trend test was marginally
statistically significant in the full model only for CSEP. Inclusion of CVD risk factors
attenuated the CSEP-IMT associations. Adjustment for site did not substantially modify
results.

In women, low CSEP, low ASEP, and greater exposure to neighborhood poverty were all
associated with greater IMT after adjustment for age. The association of NSEP with IMT
differed significantly in men and in women (P for heterogeneity = 0.0045). Associations
between CSEP and ASEP were reduced, but remained significant, when both were included
in the same model. Further inclusion of NSEP reduced the association between ASEP and
IMT slightly, rendering it only marginally statistically significant. The association between
NSEP and IMT was reduced, but remained significant, after adjustment for CSEP and ASEP.
Adjustment for site did not substantially modify results. All three SEP measures remained
inversely associated with IMT after additional adjustment for race/ethnicity, although the
trend test for ASEP was only marginally statistically significant. Inclusion of CVD risk
factors attenuated all associations between SEP and IMT, except in the case of CSEP.
Results for NSEP were similar when analysis was restricted to persons with all addresses as
exact matches (Supplementary Table S2).

There was some evidence of heterogeneity of SEP associations with IMT by race/ethnicity.
In men, the associations between ASEP and IMT differed significantly by race/ethnicity:
among black men, higher ASEP was associated with slightly greater, rather than lower, IMT
(P for heterogeneity in blacks vs. whites: 0.04). No associations of ASEP with IMT were
observed in Hispanics but this heterogeneity was not statistically significant. Mean
differences (95% confidence intervals [CI]) for highest vs. lowest adult SEP was —45.4 pm
(-82.5, —8.3) in whites, —=49.4 pm (-121.6, 22.8) in Chinese, 8.7 um (-29.4, 46.7) in blacks
and —3.6 um (-64.2, 57.0) in Hispanics. Black women had a much stronger association
between NSEP and IMT than white women (2 for heterogeneity blacks vs. whites 0.01),
while the association in Hispanic women was in the opposite direction (P for heterogeneity
Hispanics vs. whites 0.01). Mean difference for highest vs. lowest NSEP was: —23.5 um
(-52.4, 5.5) in whites, 30.4 um (=39.5, 100.2) in Chinese, —45.7 um (—84.9, —6.4) in blacks
and 25.3 ym (-21.2, 71.9) in Hispanics. Results did not differ when analyses were repeated
using race-specific tertiles of neighborhood poverty. Nativity stratified results showed that
the association of lower neighborhood poverty with higher IMT was observed in non-US
born Hispanic women but not in US born Hispanic women (mean differences high vs. low
NSEP 83.0 um (4.8, 161.2) in non-US born Hispanic women and: —6.7 ym (=70.5, 57.1) in
US born Hispanic women).
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Discussion

We found clear evidence that carotid atherosclerosis (as assessed by IMT) is patterned by
socioeconomic position over the life-course. Both CSEP and ASEP were inversely and
independently associated with IMT in men. Higher childhood and higher adult SEP as well
as higher NSEP (lower exposure to neighborhood poverty) were independently associated
with greater IMT in women. Associations were somewhat reduced after adjustment for
cardiovascular risk factors suggesting that these factors may play a mediating role.
Differences in IMT between top and bottom categories (in approximate thirds) were in the
order of 20 um for males and 30 um for females. Although these differences may appear
small, they are equivalent to the effect of aging 3—4 years in our data. In addition, previous
literature has shown differences of u100 um are associated with two- to fivefold increased
risks of myocardial infarction or stroke over periods of 3-7 years (Poredos, 2004).

In both men and women, low CSEP was related to greater IMT, even after adjustment for
ASEP, NSEP, and race/ethnicity. Associations were slightly stronger in women and were
only marginally statistically significant in men, but were generally of similar strength and in
the expected direction in both genders. These results are consistent with the Newcastle
Thousand Families Study (Lamont et al., 2000), which also reported an association between
low social class at birth (father’s occupational status) and greater IMT, controlling for adult
social class. One other study, the Cardiovascular Risk in Young Finns Study (Kivimaki et al.,
2005) reported no association between CSEP (based on the parent with the higher
occupation/education status) and IMT. However, the participants in that study were only 24—
39 years old at the time of IMT assessment and may not have aged enough for there to be
detectable differences. The link between childhood socioeconomic characteristics and IMT
in adulthood, even after controlling for adult measures, suggests that the early childhood
socioeconomic environment has a long-lasting effect on the development of atherosclerosis.

An important consideration in the investigation of childhood SEP effects is the presence of
cohort effects. In our sample the percent of participants whose parents had not completed
high school was higher for older than for younger participants. It is possible that the effects
of parental education on outcomes differ from birth cohort to birth cohort due to differential
meaning of a given level of parental education over time. Unfortunately because younger
participants have less atherosclerosis in general we had limited power to reliably examine
whether childhood SEP effects differed by birth cohort. These cohort effects need to be
examined in studies with more appropriate data sets.

We also found that higher ASEP was associated with lower IMT in both men and women,
even after controlling for CSEP, NSEP, and race/ethnicity. Although associations were of
similar magnitude in both genders they were once again slightly stronger and only
statistically significant in women. A number of prior studies combining men and women and
adjusting for gender have also reported higher IMT in lower rather than in higher
socioeconomic groups (Diez-Roux et al., 1995; Nordstrom et al., 2004). In the only study to
stratify on gender (Rosvall et al., 2000), higher educational status was reported to be
associated with lower IMT in women, but not men. However, at least one study restricted to
men also reported inverse, graded differences between levels of education, income, and IMT
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(Lynch et al., 1995). Our study goes beyond prior work by including wealth in the ASEP
measure and by showing that ASEP is associated with IMT independent of CSEP and NSEP.

Greater exposure to neighborhood poverty over a 20-year period was found to be associated
with higher IMT in women, but not in men. This association was reduced but persisted after
adjustment for CSEP, ASEP, and race/ethnicity. The only previous study to assess the
relationship between cumulative neighborhood SEP and IMT (Carson et al., 2007) found
that a lower cumulative neighborhood SEP was associated with a higher mean IMT in white
women but not in white men, black men, or black women. The relationship in white women
was not statistically significant after adjustment for individual-level SEP (a measure
encompassing SEP in childhood, young adulthood, and older adulthood). The measure of
neighborhood SEP used in that study was substantially different from that used in ours in
that it combined a series of census variables on income, education, and occupation census
variables at three specific points in the life-course (age 10, 30, and 45-65 years). In contrast,
our measure of neighborhood poverty was a summary measure of exposure to neighborhood
poverty over the 20 years prior to the MESA examination.

Previous literature relating socioeconomic position to CVD-related outcomes has sometimes
found stronger gradients in CVD-related outcomes by SEP in women than in men (Kaplan
& Keil, 1993; Pilote et al., 2007). There is some evidence that diabetes mellitus,
hypertension, smoking, hypercholesterolemia, and obesity may be more strongly associated
with cardiovascular risk in women than in men (Barrett-Connor, 1997; Bello & Mosca,
2004; Centers for Disease Control and Prevention, 2002; Eastwood & Doering, 2005;
Kenchaiah, Gaziano, & Vasan, 2004; Moller-Leimkuhler, 2007; Polk & Naqvi, 2005;
Vaccarino, Parsons, Every, Barron, & Krumholz, 1999). These risk factors may all be
influenced by SEP. Other explanations center around the socially constructed roles that men
and women adopt in their daily lives. Psychosocial factors like double loads of work and
family, lack of social support, and being a primary care-giver are more common in women,
may be cardiovascular risk factors, and are likely to be strongly patterned by SEP, thus
contributing to the stronger SEP gradient in CVD risk observed in women (Brezinka &
Kittel, 1995; Lee, Colditz, Berkman, & Kawachi, 2003).

Previous literature has also documented a stronger effect of neighborhood deprivation on the
incidence and prevalence of CHD in women than men (Diez-Roux et al., 1997; Sundquist et
al., 2004; Winkleby, Sundquist, & Cubbin, 2007). It may be that exposure to neighborhood
conditions is different for women than men. For instance, a study that assessed the amount
of physical activity in adults in relation to the density of recreational resources within certain
distances of their homes, found that women were more likely than men to exercise within
one mile of their home (Diez Roux et al., 2007), suggesting that the density of recreational
facilities in a neighborhood may be more important for a woman’s cardiovascular health
than a man’s. Women may also perceive the local environment differently (Stafford,
Cummins, Macintyre, Ell-away, & Marmot, 2005), hence influencing their utilization of
health-hurting or health-promoting services, facilities, and/or amenities. Men and women
may also differ in their vulnerability to aspects of the local environment (Stafford et al.,
2005). For example, one study found that a higher density of small grocery stores and closer
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proximity to chain supermarkets was only associated with higher BMI in women (Wang,
Kim, Gonzalez, MacLeod, & Winkleby, 2007).

Our analyses also revealed interesting differences in associations by race/ethnicity. There
was some suggestion that ASEP may be either not associated or even positively associated
with SEP in black men. One explanation is that black men in the lowest category of ASEP
may actually be at a decreased risk of developing atherosclerosis. The social patterning of
CVD risk is not invariant and has changed over time (Diez-Roux et al., 1997; Marmot, 1989;
Marmot, Adelstein, Robinson, & Rose, 1978; Sorlie, Rogot, Anderson, Johnson, &
Backlund, 1992). It is plausible that in US black men, higher ASEP is associated with
psychosocial or behavioral consequences that increase CVD risk. Alternatively, the absence
of an ASEP gradient in black men could be due to selection bias. In the US both low income
and black race are strong risk factors for death (Diez-Roux et al., 1997; Sorlie et al., 1992).
Study participation rates may also be lower in black men, especially low-income black men,
than in other groups. Exclusion criteria such as a history of prevalent cardiovascular disease
may have resulted in disproportionately more exclusions among low-income black men than
among low-income white men. As a consequence of these differential exclusions, the sample
of low-income black men included in MESA may be ‘healthy’ survivors with consequently
relatively good cardiovascular health profiles, compared to their middle or high SEP
counterparts.

Neighborhood poverty also seemed to have a stronger effect in black women than white
women and possibly the opposite effect in Hispanic women. Although identical categories
for NSEP were used in all race/ethnic groups, the distributions of poverty within categories
(especially the top and bottom categories) differed by race/ethnicity. In black women, the
difference between the medians for the top and bottom categories was more extreme than in
white women [0.21 vs. 0.15, respectively]. This could explain the stronger association of
poverty with IMT observed in black women compared to white women. However, similar
race/ethnic differences were observed when race/ethnic specific categories were used. It is
plausible that these differences reflect either differential association of neighborhood poverty
with cardiovascular risk-related area features by race, or greater vulnerability of Black
women to neighborhood characteristics due to the absence of other buffering resources.

The unexpected association of lower neighborhood poverty with higher IMT observed in
Hispanic women appeared to be restricted to non-US born women. It is plausible that the
correlates of neighborhood poverty differ in immigrant compared to non-immigrant
communities. For example, the high poverty neighborhoods that Hispanic (and especially
non-US born Hispanic) women tend to live in may have other features that buffer or even
counteract the adverse health effects of high neighborhood poverty, resulting in very
different associations of neighborhood poverty with health. Unfortunately the absence of
information on other neighborhood features for the 20-year neighborhood measures made it
impossible for us to investigate this hypothesis in our data. It is also possible that Hispanic
women living in poorer neighborhoods are more likely to be recent immigrants and less
acculturated than those in less poor neighborhoods, and less acculturation has been
previously linked to less atherosclerosis (Lutsey et al., in press). In our data, non-US born
Hispanic women who lived in less poor neighborhoods over the 20 years had greater odds of
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speaking English in the home, but neighborhood poverty was not associated with years in
the US (data not shown).

Associations of SEP measures with IMT were reduced after adjustment for traditional CVD
risk factors, suggesting that the effect of socioeconomic status is mediated at least in part
through these biomedical and behavioral factors. The only exception was the effect of CSEP
in women, which was virtually unchanged after risk factor adjustment. However, detailed
examination of mediating mechanisms would require data and analyses different from those
reported here.

A limitation of this study is that participants were selected at baseline to be clinically free of
cardiovascular disease. It is plausible that people with a history of CVD (who were
excluded) have both lower SEP and higher IMT. Thus, restricting analyses to persons
without CVD could have resulted in underestimates of the true association between the SEP
measures and subclinical atherosclerosis. Men develop clinically apparent CHD at earlier
ages than women. The differential exclusion of men could therefore have resulted in greater
underestimates of the SEP-IMT association in men than in women. On the other hand, the
investigation of associations of SEP with IMT in persons without clinical cardiovascular
disease allows examination of whether SEP is related to the early stages of the development
of atherosclerosis. Persons excluded due to missing data were more likely to be of low
ASEP. If they also tended to have higher IMT, our results may underestimate associations of
SEP with IMT.

The retrospective collection of childhood and residential history information may have
resulted in misclassification and could also have contributed to underestimates of SEP
effects. Several of the measures we used have limitations. For example, father’s education
may be an imperfect proxy for childhood social environment. The neighborhood SEP
measure was comprised of a single indicator and referred to census tracts which may not be
the most relevant geographic units. The neighborhood SEP measure was also only able to
capture 20 years of exposure to neighborhood poverty, with the 20 years capturing a
different period of adulthood depending on the participant’s age when they entered the
study.

An important strength of our study is the use of multiple measures of SEP. We included both
childhood and adult measures. We were able to capture adult SEP as a full composite
measure encompassing not only traditional indicators of income and education, but also
wealth. We also had information on 20-year exposure to neighborhood conditions as
opposed to a measure for a single point in time. Another strength is the ability to examine
variations in the effects of SEP by race/ethnicity. Our results contribute to the growing body
of literature that shows that SEP at multiple points in the life-course, and at the individual
and neighborhood level, contributes to the development of atherosclerosis. CVVD prevention
may benefit from interventions at multiple points over the life-course targeted at both
individuals and areas.
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