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Background: Emerging evidence suggests that exposure to discrimination may be associated with atherosclerosis in African-
American women, although research in this area focused on short-term rather than chronic exposure to discriminatory events.
Methods: We examined the relationship between chronic exposure to multiple types of discrimination (self-reported and averaged
over 5 years) and coronary artery calcification (CAC) in a sample of 181 middle-aged African-American women. Discrimination
was assessed at each time point, and the presence/absence of CAC was assessed at the fifth annual follow-up examination by
electron beam tomography. We hypothesized that chronic discrimination would be more strongly associated with CAC than recent
discrimination and that racial/ethnic discrimination would be more strongly associated with CAC than other types of discrimination.
Results: Chronic exposure to discrimination was significantly associated with the presence of CAC in unadjusted logistic regression
analyses (p � .007) and after adjustment for demographics (p � .01), standard cardiovascular risk factors (p � .02), and Body Mass
Index (BMI) (p � .05). In contrast, recent discrimination was only marginally associated with the presence of CAC in both
unadjusted (p � .06) and fully adjusted logistic regression models (p � .08). Persistent exposure to racial/ethnic discrimination was
not more strongly associated with CAC compared with other types of discrimination in either unadjusted or adjusted models.
Conclusion: Chronic exposure to discrimination may be an important risk factor for early coronary calcification in African-
American women. This association appears to be driven by exposure to discrimination from multiple sources, rather than exposure
to racial/ethnic discrimination alone. Key words: discrimination, chronic stress, atherosclerosis, coronary calcium, African-
American, women.

CVD � cardiovascular disease; CAC � coronary artery calcifica-
tion; SWAN � Study of Women’s Health Across the Nation; EBT �
electron beam tomographic; CES-D � Center for Epidemiological
Studies Depression; BMI � body mass index; FRS � Framingham
Risk score; HDL-c � high density lipoprotein cholesterol; CRP �
C-reactive protein; OR � odds ratio; CI � confidence interval;
IMT � intima-media thickness.

INTRODUCTION

In the United States, cardiovascular disease (CVD) is the
leading cause of death for women, accounting for approxi-

mately half a million female deaths each year (1). Compared
with Caucasian women, African-American women are dispro-
portionately burdened by CVD morbidity (2,3) and mortality
(1,4). On almost every major indicator of cardiovascular
health status (coronary heart disease, hypertension, stroke),
African-American women fare worse than their Caucasian

counterparts (1,3). In many instances, adverse cardiovascular
outcomes are observed in African-American women even
after taking into account the effects of socioeconomic status,
access to care, disease status, and behavioral risk factors (5).

Several researchers have hypothesized that the excess dis-
ease morbidity and mortality observed in African-American
women may be due in part to chronic stressors associated with
being black and female in the United States (6). Various forms
of chronic stress have been linked to CVD morbidity and
mortality in samples of Caucasian men (7,8), and more re-
cently, Caucasian women (9,10). However, few studies have
examined the role of chronic stress in the development of
CVD in African-American women.

One particular chronic stressor believed to negatively affect
the mental and physical health of African-American women is
unfair treatment in the form of racial or gender discrimination
(11–13). African-American women consistently report expo-
sure to unfair treatment in multiple domains, including higher
education, the workplace, and public settings such as restau-
rants and shopping centers (14–16). Based on interview data
with black women in the United States and the Netherlands,
Essed (17,18) coined the term “everyday” discrimination to
describe the minor, everyday insults experienced by black
women as a function of their marginalized status. Unlike
major, overt instances of discrimination, everyday discrimi-
nation is conceptualized as “a range of events, many of which
appear to be ‘trivial’ or even ‘normal.’. . .Certain rights, re-
spect, and recognition, which whites take for granted in their
own lives, are denied to [black women]” (17) (pp 258–259).

To date, the majority of studies examining the relation-
ship between perceived discrimination and CVD outcomes
in African-American women have focused on acute rather
than chronic experiences of discrimination (11,19,20), and find-
ings have been mixed (21). To our knowledge, only one study
has examined the relationship between “everyday” discrimina-
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tion and cardiovascular outcomes in African-American women.
In a recent study of 334 African-American and Caucasian
women transitioning through menopause, Troxel et al. (22) ob-
served a significant concurrent association between reports of
everyday mistreatment in the previous year and carotid intima-
media thickness (IMT) in African-American women only, lend-
ing some support to the notion that the construct of everyday
discrimination might be particularly relevant for the cardiovas-
cular health of African-American women.

The current study is designed to expand on the cross-sectional
associations observed by Troxel et al. (22) by examining the
association between the accumulation of “everyday” insults over
time and the presence of coronary artery calcification (CAC)
in African-American women. Research suggests that it is the
persistence or chronicity of stressors over time that contributes
to most negative cardiovascular outcomes, rather than the
occurrence of an acute event or series of events in a given year
(23). The assessment of CAC allows us to examine the asso-
ciation between this accumulated stress burden and the early
development of atherosclerosis in an asymptomatic sample at
high risk for future clinical events. CAC has been found to be
an independent predictor of clinical cardiovascular events in
asymptomatic individuals (24–27), although prior studies in
this area have included relatively few African-American
women (24,26,28).

We hypothesized that chronic exposure to everyday dis-
crimination over the course of 5 years would be associated
with the presence of CAC in African-American women. Fur-
thermore, we anticipated that the accumulation of everyday
discrimination over time would be more strongly associated
with CAC than reports of everyday discrimination during the
previous year. We further hypothesized that exposure to ev-
eryday racial discrimination in particular would be more
strongly associated with CAC compared with other types of
discrimination (e.g., gender or income discrimination). Fi-
nally, in order to explore pathways through which everyday
discrimination might affect CAC, we also examined negative
affect (depressive symptoms and hostility) and a number of
cardiovascular risk factors as potential mediators.

METHODS
Participants
Participants in the current study were from the Study of Women’s Health

Across the Nation (SWAN). SWAN is a community-based, longitudinal study
of the menopausal transition. Details of the study design, recruitment, and
procedures have been published elsewhere (29). Women were eligible for
SWAN if they were between ages 42 to 52, had an intact uterus and at least
one ovary, and reported a menstrual period in the preceding 3 months. Women
who were pregnant, breastfeeding, or reported exogenous hormone use in the
3 months preceding the baseline examination were ineligible for participation.
The baseline SWAN examination began in 1996 to 1997 and included women
from seven sites (Boston, MA; Detroit, MI; Oakland, CA; Los Angeles, CA;
Pittsburgh, PA; Chicago, IL; and Newark, NJ).

During the fourth and fifth annual follow-up examinations (2001–2003),
the Pittsburgh and Chicago sites collected additional measures of coronary
calcium on a subset of 559 SWAN participants for the SWAN Heart Study.
SWAN participants were only eligible for the SWAN Heart Study if they were
free of CVD (e.g., no history of myocardial infarction, symptoms of angina,
intermittent claudication, cerebral ischemia, or revascularization), diabetes,

and were not taking medication for hypertension or arrhythmias. SWAN
participants who had had a hysterectomy (subsequent to their enrollment in
the SWAN study) or reported current exogenous hormone use were ineligible.
Seventy-six percent of SWAN women invited to participate in the SWAN
Heart Study ultimately enrolled.

Although both Caucasian and African-American women participated in
the overall SWAN Heart study, the current investigation is limited to the 206
women with data on CAC who self-identified as non-Hispanic Black/African-
American. We chose to focus on African-American women for four primary
reasons: 1) prior studies indicate that African-American women are particu-
larly vulnerable to the effects of both CVD and everyday discrimination
(13,22); 2) while it is possible to assess exposure to everyday discrimination
in Caucasian women, it is unclear whether this measure is actually capturing
the same construct for women of different racial/ethnic groups (i.e., Caucasian
versus African-American women); 3) focusing on African-Americans allows
us to reduce the confounding that might occur if we compare experiences
between African-Americans and Caucasians, two racial/ethnic groups that
clearly have different histories and experiences of discrimination in the
United States (30,31); and 4) consistent with other studies of discrimination
and markers of CVD (22), preliminary analyses revealed no significant
associations between measures of discrimination and CAC among Caucasian
women in the current sample.1 Of the 206 African-American women with
data on CAC, 19 were excluded because of missing data on the Framingham
Risk Score (FRS), and an additional 6 were excluded because of missing data
on educational attainment. The final sample of 181 women provided data for
the current analyses.

Procedure
At the baseline SWAN examination and annually thereafter, participants

underwent a standard protocol that included self- and interviewer-adminis-
tered questionnaires, measured height and weight, clinical tests, and a fasting
blood and urine collection. Interviews included detailed assessments of de-
mographic, psychosocial, and behavioral characteristics. In addition to the
standard SWAN protocol, participants in the SWAN Heart study also under-
went electron beam tomographic (EBT) scans to measure the presence and
amount of CAC.

Study procedures were approved by the institutional review boards at each
site, and all participants provided written informed consent.

Measurement of Discrimination
Chronic Discrimination
Discrimination was assessed at the baseline SWAN examination and each

time point thereafter with a modified version of the Detroit Area Study
Everyday Discrimination Scale (32). Based on the construct defined by Essed
(17,18), this 10-item scale asked participants to indicate the frequency with
which they experienced various forms of interpersonal mistreatment in their
day-to-day lives over the previous 12 months. Examples include “You are
treated with less respect than other people,” “You receive poorer service than
other people at restaurants or stores,” “People act as if they think you are not
smart,” and “People act as if they’re better than you are.” The items were
framed in the context of general mistreatment, without reference to race,
ethnicity, or gender. The frequency of each type of mistreatment was assessed
with a 4-point scale (1 � never, 2 � rarely, 3 � sometimes, 4 � often),
summed, and averaged across the 10 items, resulting in a possible score of 1
to 4 at each time point. The resulting five discrimination scores, representing
discrimination from SWAN baseline through SWAN 2004/2005 (i.e., SWAN
Heart baseline) were then averaged to create a chronic discrimination score.
Similar to the discrimination scores at each time point, the chronic discrim-
ination score had a possible range of 1 to 4. The Everyday Discrimination
scale has shown high levels of internal consistency (32,33) and convergent
and divergent validity (34) in samples of African-American men and women.
Internal reliability scores for the Everyday Discrimination Scale in the current
sample were very good, ranging from 0.87 to 0.90 across the five time points.

1 Data available from first author upon request.
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Recent Discrimination
Recent discrimination was defined as discrimination reported at the time

of the EBT scan (SWAN Heart baseline).

Type of Discrimination
Participants who responded either “sometimes” or “often” to at least one

of the 10 items on the Everyday Discrimination scale were asked to respond
to an additional item inquiring about the reason(s) for their experience(s).
Response categories included race, ethnicity, gender, age, income level,
language, physical appearance, sexual orientation, and other. For analytic
purposes, the race and ethnicity categories were collapsed into one racial/
ethnic discrimination, and all other categories were combined to create an
“other” category at each of the five time-points.2

Measures of Negative Affect
Depressive symptoms were assessed with the 20-item Center for Epide-

miological Studies Depression scale (CES-D) (35) and analyzed as both a
continuous variable and a presence/absence score using a previously estab-
lished cut point (�16). Hostility was measured with the 13-item Cook-
Medley cynicism subscale (36). Internal reliability scores in the current
sample were very good for the CES-D (� � 0.86) and adequate for the
cynicism subscale (� � 0.78).

Assessment of Coronary Artery Calcification
EBT scans were used to quantify calcification in the coronary arteries.

A trained technician at each site performed the EBT scans using an
Imatron C-150 Ultrafast CT scanner (Imatron, South San Francisco, CA).
The scan obtained 30 to 40 contiguous 3-mm-thick transverse images from
the level of the aortic root to the apex of the heart during maximal breath
holding. Electrocardiograph triggering was used so that each 100-ms
exposure was obtained during the same phase of the cardiac cycle (60% of
RR interval). Scans were read centrally at the University of Pittsburgh and
scored by a trained technician using the method established by Agatston et
al. (37). Calcification was considered to be present if at least three
contiguous pixels were present with more than 130 Hounsfield units.
Individual scores were obtained for each of the four major epicardial
coronary arteries; the total coronary calcification score was calculated as
the sum of these four scores. Consistent with previous research in this
area, CAC was modeled as a presence/absence outcome, rather than a
continuous score (38 – 41). This distinction between detectable and non-
detectable disease is standard in studies of CAC and has been found to
have considerable predictive validity (24 –27). The presence of calcifica-
tion was defined as a total coronary calcification score �0. Because
calcification scores in this sample were fairly low (98% below 100), we
did not make any further distinctions among women with calcification (e.g.,
categories comparing scores of 1–100 versus 101–201, etc.).

Cardiovascular Risk Factors
Framingham Risk Score
The Framingham Risk Score (FRS) for women incorporates age, total

cholesterol, high-density lipoprotein cholesterol (HDL-c), systolic blood pres-
sure, treatment for hypertension, and current cigarette smoking (42). Mea-
surements of total serum cholesterol and HDL-c were taken from blood
specimens obtained between the second and fifth days of each participant’s
menstrual cycle, following a 12-hour fast. Total cholesterol was analyzed
using enzymatic methods on a Hitachi 747 analyzer (Boehringer Mannheim
Diagnostics, Indianapolis, IN) (43). Lipid and lipoprotein fractions were
analyzed on EDTA-treated plasma (43,44), and HDL-c was isolated using
heparin-2m manganese chloride (44). Blood samples at both sites were
analyzed at the same central laboratory (Medical Research Laboratories,
Highland Heights, KY) that conforms to the quality control standards of the

National Heart, Lung and Blood Institute and the Centers for Disease Control
and Prevention (45). Blood pressure measurements were obtained by a trained
technician and standardized for cuff size, position, and rest period. Two blood
pressure readings were taken for each participant and averaged for use in the
FRS. All FRS components were assessed at the SWAN Heart baseline
examination via self-report (age, current smoking, and medications for high
blood pressure) or clinical examination (total cholesterol, HDL-c, and systolic
blood pressure).

Additional Risk Factors
Highest level of education was assessed at via self-report at SWAN

baseline and categorized as high school degree or less, some college, and
college degree or higher (referent). Body mass index (BMI) from the SWAN
Heart baseline examination was calculated as weight in kilograms divided by
height in meters squared. BMI was categorized as normal (BMI �24.9),
overweight (BMI 25–29.9) and obese (BMI �30) (46) for descriptive pur-
poses but was modeled continuously in all analyses. Measurements of C-re-
active protein (CRP) were done on fasting blood samples collected at SWAN
Heart baseline and assessed using an ultrasensitive rate immunonephelemetric
method (Dade-Behring, Marburg, Germany). The sensitivity of the assay is
0.03 mg/dl. The interassay coefficients of variation (CV) at CRP concentra-
tions of 0.05 and 2.2 mg/dl were 10% to 12% and 5% to 7%, respectively.
Menopausal status was categorized by self-reported bleeding criteria at
SWAN Heart baseline: 1) premenopausal � menstrual period in the past 3
months with no change in regularity in the past year; 2) early perimeno-
pausal � menstrual period in the past 3 months with some change in
regularity over the previous year; 3) late perimenopausal � no menstrual
period within the past 3 months, but some bleeding within the past year; 4)
postmenopausal � no menstrual period within the past year; 5) surgical
menopause � bilateral oophorectomy; and 6) undetermined � new use of
hormone therapy before 1 year of amenorrhea. Physical activity was self-re-
ported, using an adapted version of the Kaiser Physical Activity Survey (47).

Statistical Analyses
Descriptive statistics were used to characterize the study sample on age,

education, FRS (and its components), BMI, chronic discrimination, and CAC.
t Tests and analysis of variance tests were used to examine associations
between chronic discrimination and categorical variables (e.g., site, categor-
ical CES-D). Correlation coefficients were used to examine associations
between chronic discrimination, covariates of interest (potential mediators),
and CAC. Because of the small sample size, psychological and/or biological
covariates were only included in the multivariate models if they were asso-
ciated with both the predictor (chronic discrimination) and the outcome
(CAC) at p � .10 (48). All models included education and study site.

A series of multivariate logistic regression models was conducted to
examine the associations between the various forms of discrimination
(chronic, recent, and racial/ethnic versus other) and the presence of CAC. In
each set of analyses, the first model examined the unadjusted association
between the discrimination variable and the presence of CAC. The second,
minimally adjusted model added site and education. The third, fully adjusted
model included the discrimination variable of interest, site, education, and any
additional covariates (potential mediators) meeting criteria for inclusion in the
models. All of the above analyses were conducted using SPSS version 11
(SPSS, Chicago, IL).

The bootstrap technique (49) was used to validate all multivariate models.
Two thousand computer-generated samples were derived from the study
population by random selection with replacement (i.e., some observations
were only selected once, some more than once, and others not at all). We reran
the fully adjusted logistic regression models for each sample in order to obtain
“bootstrap” confidence intervals (CIs) for the odds ratios (OR) observed in the
original models. Bootstrap CIs were obtained for each discrimination variable
of interest (chronic, recent, and racial/ethnic versus other). Bootstrap analyses
were conducted using R version 2 (50).

2 We did not analyze gender discrimination separately, because of its low fre-
quency.
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RESULTS
Participant Characteristics and Exposure to
Chronic Discrimination

Descriptive statistics for sample demographic, psychoso-
cial, and cardiovascular risk factor characteristics are pre-
sented in Table 1. On average, participants were middle aged
and well educated, with approximately 84% of the sample
reporting some postsecondary education. Participants were
also fairly healthy, with cholesterol and blood pressure lev-
els in the “desirable” and “normal” ranges. The majority of
women in the sample were obese, with an average BMI of
31.15 (SD � 6.45). Over half of the women had CAC scores
above 0, with an overall prevalence of 59.7% (N � 108).
Calcium scores were fairly low: of the 108 women with
calcification, 60 (55.5%) had scores between 1 and 9, 46
(42.5%) had scores between 10 and 99, and only two women
(2%) had scores above 100.

Scores on the Everyday Discrimination scale were rela-
tively stable across the five time points, at 1.88 (SD � 0.51),
1.85 (SD � 0.46), 1.81 (SD � 0.46), 1.82 (SD � 0.53), and
1.81 (SD � 0.51). The average, or chronic, discrimination
scores were normally distributed, ranging from 1 to 3.05.
Chronic discrimination scores were highest in women report-
ing “some college” (compared with the other educational
levels; p � .04) and a CES-D score at or above 16 (p � .001),
but did not significantly differ by geographic region (Pitts-
burgh versus Chicago; p � .17). Approximately 86% (N �
156) of participants answered “sometimes” or “often” to at
least one of the items on the everyday discrimination scale at
some point during the five assessment periods and were sub-
sequently asked to indicate the reason(s) for these experiences.
Most participants (76.9%; N � 120) attributed their experi-
ences to race/ethnicity at least once during the five time

points, with 34.8% (N � 63) making this attribution at all time
points.

Identification of Potential Mediators

Chronic discrimination and CAC were significantly corre-
lated with one another, at r � 0.20, p � .01. Pearson product
moment (for continuous variables) and Spearman rank order
(for categorical variables) correlation coefficients were used
to identify potential psychological and/or biological mediators
of this association. Variables correlated with chronic discrim-
ination included overall CES-D (r � 0.36, p � .001), hostility
(r � 0.42, p � .001), FRS (r � 0.15, p � .04) and BMI (r �
0.14, p � .05). Variables correlated with CAC were FRS (r �
0.19, p � .01), BMI (r � 0.59, p � .001), and CRP (r � 0.42,
p � .001). Menopausal status and physical activity were
unrelated to either chronic discrimination or CAC. Because
FRS and BMI were the only covariates associated with both
chronic discrimination and CAC at p � .10, they were the
only potential mediators included in the fully adjusted logistic
regression models.

Chronic Exposure to Discrimination and Coronary
Artery Calcification

The first set of multivariate logistic regression models tested
the association between chronic discrimination and CAC, adjust-
ing for demographics and cardiovascular risk factors. Unadjusted
logistic regression analyses revealed a significant positive asso-
ciation between exposure to chronic discrimination and the
presence of CAC. For every one-unit increase in the chronic
discrimination score, there was a 2.89-fold higher likelihood
of calcification (95% CI, 1.33–6.27; p � .007). Adding edu-
cation and study site to the model only slightly attenuated this
association (OR � 2.83; 95% CI, 1.28–6.29; p � .01). The
association between chronic discrimination and CAC re-
mained significant after further adjustment for the FRS (OR �
2.6; 95% CI, 1.16–5.84; p � .02) and BMI (Table 2). Boot-
strap CIs for chronic discrimination were similar to those
obtained in the original models. In multivariate models includ-
ing chronic discrimination, site, education, and FRS, 95%

TABLE 1. Sample Demographic, Psychosocial, and Cardiovascular
Risk Factor Characteristics

Characteristic All Participants (N � 181)a

Age, yrb 50.5 � 2.8
Educational level, %

High School or less 16
Some college 38.1
College or higher 45.9

Current smoker, %b 15.8
Total cholesterol, mg/dlb 197.18 � 37.54
HDL cholesterol, mg/dlb 57.13 � 14.28
Systolic blood pressure, mm Hgb 125.87 � 18.02
Framingham Risk Score 11.08 � 4.04
Body mass index (kg/m2), %b

Normal weight 17.1
Overweight 29.8
Obese 53.0

CES-D score �16, % 11
Chronic Discrimination scorec 1.84 � 0.42

a Values are mean � SD or percentage.
b Assessed at SWAN Heart Baseline.
c The average of discrimination scores across the five time points.
CES-D � Center for Epidemiological Studies Depression.

TABLE 2. Multivariate Logistic Regression Model Predicting
Coronary Artery Calcification From Chronic Discriminationa

Variable Odds Ratio (95% CI) p Value

Chronic discriminationb 2.6 (0.99–6.47) .05
Education .28

High School or less 0.68 (0.22–2.13)
Some college 0.47 (0.19–1.18)
College or higher (referent) —

Framingham Risk Scorec 1.09 (0.99–1.21) .06
Body mass indexc 1.38 (1.24–1.53) .00

CI � confidence interval.
a Model is adjusted for study site. Framingham Risk Score includes age,
systolic blood pressure, total cholesterol, HDL-c, and current smoking status.
b The average of discrimination scores across the five time points.
c Assessed at SWAN Heart baseline.
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bootstrap CIs ranged from 1.14 to 6.15. These intervals were
slightly wider and less significant with the inclusion of BMI
(95% CI, 0.79–7.82).

Recent Exposure to Discrimination and Coronary
Artery Calcification

A second set of multivariate models was conducted to exam-
ine the effects of recent discrimination (reported in the 12 months
preceding the EBT scan) on CAC. In unadjusted analyses, recent
discrimination was only marginally associated with the presence
of CAC (OR � 1.84; 95% CI, 0.98–3.4; p � .06). Findings were
similar after adjusting for education, study site, FRS, and BMI
(OR � 2.02; 95% CI, 0.90–4.5; p � .08). Bootstrap CIs for
recent discrimination were slightly wider but comparable to those
observed in the original models (95% CI for fully adjusted
models, 0.79–4.88).

Type of Discrimination and Coronary Artery
Calcification

Additional multivariate logistic regression models were
conducted on the 156 participants who made an attribution
about the type of discrimination experienced. In analyses
comparing women who made an attribution to race at least
once to women who never made an attribution to race, racial/
ethnic discrimination was not significantly associated with the
presence of CAC in either unadjusted (OR � 1.43; 95% CI,
0.65–3.12; p � .37) or fully adjusted models (OR � 1.87;
95% CI, 0.66–5.26; p � .24). Similarly, racial/ethnic discrim-
ination was unrelated to CAC in analyses comparing women
who made an attribution to race at every time point to those
who did not in both unadjusted OR � 0.80; 95% CI, 0.41–
1.53; p � .50) and fully adjusted (OR � 0.86; 95% CI,
0.35–2.09; p � .74) analyses. Bootstrap CIs were slightly
narrower but consistent with model-based CIs in analyses
comparing women who made racial/ethnic attributions at least
once to those who did not (fully adjusted 95% CI, 0.18–1.67).
In fully adjusted bootstrap analyses comparing those who
made an attribution to racial/ethnic discrimination at all time
points to those who did not, 95% CIs were quite similar to
those in the original models, ranging from 0.43 to 3.12.

DISCUSSION
We observed a significant association between chronic

exposure to everyday discrimination and the presence of CAC
in African-American women. This association was, for the
most part, independent of traditional cardiovascular risk fac-
tors and did not appear to be mediated by negative affect in the
form of depressive symptoms or hostility. Most important, the
association between chronic exposure to everyday discrimi-
nation and CAC was stronger and more significant than the
association between recent exposure to everyday discrimina-
tion and CAC, lending some support to the notion that it is the
accumulation of everyday insults over time that is most del-
eterious for the cardiovascular health of African-American
women, rather than the experience of discrimination at any
particular time point.

Exposure to racial/ethnic discrimination alone does not
appear to be driving this effect. Although the majority of
women attributed their experiences to racial discrimination at
least once, attributions to racism were not associated with a
higher likelihood of CAC compared with other types of dis-
crimination. This is consistent with findings reported by Troxel
et al. (22), who found that everyday discrimination in general,
rather than racial/ethnic discrimination in particular, was as-
sociated with increased levels of IMT in African-American
women. Thus, it is possible that the attribution is less impor-
tant than the experience of everyday discrimination. Because
African-Americans consistently report higher levels of gener-
alized everyday discrimination compared with Caucasians
(13,22,32,33), their vulnerability to the health consequences
of everyday discrimination may be a function of the frequency
with which they are exposed to it rather than what they
attribute it to. In this respect, one might expect similar find-
ings in other groups who report consistent exposure to dis-
crimination.

It is also possible that African-American women are sen-
sitized to experiences of generalized (rather than racial) ev-
eryday discrimination because of some other group-level
attribute. Many of the women in our sample came of age
during the Civil Rights movement in the United States and
may therefore have been exposed either personally or vicari-
ously to acts of racial injustice at some point during their
lifespan (15). Research suggests that previous exposure to
discrimination can heighten sensitivity to subsequent experi-
ences of discrimination (51). Members of stigmatized or so-
cially devalued groups who have a history of experiencing a
certain type of discrimination in this country (e.g., racial
discrimination) may have a heightened sensitivity to unfair
treatment in any form.

How might everyday discrimination be related to CAC?
Previous studies have found associations between reports of
discrimination and age (33), education (52), current smoking
(53), blood pressure (54,55), and BMI (22). Although adjust-
ment for these factors attenuated the association between
everyday discrimination and CAC in our sample, they did not
completely explain the effect. We also explored whether fac-
tors such as physical activity or inflammation might account
for this effect, but these variables did not mediate the discrim-
ination-CAC association. Thus, it is likely that other behav-
ioral or physiological mechanisms are at play.

Psychosocial factors have been linked to increased platelet
activation (56), heart rate variability (57), and endothelial
dysfunction (58). Although few studies have examined the
effects of discrimination per se on physiological outcomes
other than blood pressure, nonhuman primate models have
found a relatively strong association between the chronic
stress of social subordination and coronary artery atheroscle-
rosis, an association that is primarily mediated by neuroendo-
crine factors such as the hypersecretion of cortisol (59–61).
Future research should focus on identifying specific physio-
logical pathways that might explain the discrimination-CAC
association in African-American women.
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Findings from this study should be interpreted within the
context of the study limitations. First, exposure to everyday
discrimination was self-reported and is therefore a measure of
the individual’s perception of discrimination, which could be
influenced by negative affect or other personality characteris-
tics. Although we were able to rule out two of the most
commonly assessed measures of negative affect (depression,
hostility) in our study, it is possible that an unmeasured third
characteristic might contribute to both the perception of dis-
crimination and the prevalence of CAC. Second, we observed
higher than previously reported rates of CAC in African-
American women (62,63). This is potentially due to the high
prevalence of obesity in our sample (64), but it raises some
questions about the generalizability of our findings to other
cohorts. Additionally, because relatively few studies of CAC
and clinical events have included large numbers of African-
Americans (24), the clinical significance of CAC in African-
American women remains unclear. Finally, our study was
limited to a relatively small sample of fairly educated African-
American women; findings may or may not generalize to less
well-educated African-American women or to women of other
racial/ethnic groups. It is also unclear whether these findings
would generalize to men. Additional research in this area is
warranted.

Despite these limitations, our study has several strengths.
Multiple assessments of everyday discrimination over time
allowed for a more precise estimate of overall, as well as
cumulative exposure to discriminatory events. By focusing on
African-American women, we were able to examine the with-
in-group heterogeneity that is often obscured in comparative
(African-American versus Caucasian) studies. Other strengths
include our community-based cohort design, state-of-the-art
assessment of CAC, and statistical control for potential con-
founds.

In conclusion, we report for the first time that chronic expo-
sure to discrimination from multiple sources may be an important
risk factor for early coronary calcification in middle-aged Afri-
can-American women. The mechanisms underlying this associ-
ation have yet to be determined. Future research should focus on
identifying the psychosocial and biological mediators of this
association. Interventions aimed at reducing the emotional im-
pact of everyday discrimination may prove to be beneficial for
the cardiovascular health of African-American women.

We would like to thank Peter M. Meyer, PhD, Director of Biostatis-
tics in the Department of Preventive Medicine at Rush University
Medical Center, for the model validation analyses. We thank the
study staff at each site and all the women who participated in SWAN.

The Study of Women’s Health Across the Nation (SWAN) has
grant support from the National Institutes of Health, Department of
Health and Human Services, through the National Institute on Aging,
the National Institute of Nursing Research and the NIH Office of
Research on Women’s Health and the SWAN Heart Study is supported
by the National Heart, Lung, and Blood Institute (Grants NR004061,
AG012505, AG012535, AG012531, AG012539, AG012546, AG012553,
AG012554, AG012495, HL065581, HL065591).

REFERENCES
1. American Heart Association. Heart Disease and Stroke Statistics: 2005

Update. Dallas, TX: American Heart Association; 2005.
2. Gillum RF, Mussolino ME, Madans JH. Coronary heart disease incidence

and survival in African-American women and men: the NHANES I
Epidemiologic Follow-up Study. Ann Intern Med 1997;127:111–8.

3. Winkleby MA, Kraemer HC, Ahn DK, Varady AN. Ethnic and socio-
economic differences in cardiovascular disease risk factors: findings for
women from the Third National Health and Nutrition Examination Sur-
vey, 1988–1994. JAMA 1998;280:356–62.

4. Gillum RF. Stroke mortality in blacks : disturbing trends. Stroke 1999;
30:1711–5.

5. Jha AK, Varosy PD, Kanaya AM, Hunninghake DB, Hlatky MA, Waters
DD, Furberg CD, Shlipak MG. Differences in medical care and disease
outcomes among black and white women with heart disease. Circulation
2003;108:1089–94.

6. Geronimus AT. Understanding and eliminating racial inequalities in
women’s health in the United States: the role of the weathering concep-
tual framework. J Am Med Womens Assoc 2001;56:133–6, 149–50.

7. Orth-Gomer K, Unden AL, Edwards ME. Social isolation and mortality
in ischemic heart disease: a 10-year follow-up study of 150 middle-aged
men. Acta Med Scand 1988;224:205–15.

8. Matthews KA, Gump BB. Chronic work stress and marital dissolution
increase risk of posttrial mortality in men from the Multiple Risk Factor
Intervention Trial. Arch Intern Med 2002;162:309–15.

9. Orth-Gomer K, Leineweber C. Multiple stressors and coronary disease in
women: the Stockholm Female Coronary Risk Study. Biol Psychol 2005;
69:57–66.

10. Lee S, Colditz GA, Berkman LF, Kawachi I. Caregiving and risk of
coronary heart disease in U.S. women: a prospective study. Am J Prev
Med 2003;24:113–9.

11. Krieger N. Racial and gender discrimination: risk factors for high blood
pressure? Soc Sci Med 1990;30:1273–81.

12. Clark R, Anderson NB, Clark VR, Williams DR. Racism as a stressor for
African Americans: a biopsychosocial model. Am Psychol 1999;54:
805–16.

13. Schulz A, Israel B, Williams D, Parker E, Becker A, James S. Social
inequalities, stressors and self reported health status among African
American and white women in the Detroit metropolitan area. Soc Sci
Med 2000;51:1639–53.

14. Collins JW Jr, David RJ, Handler A, Wall S, Andes S. Very low
birthweight in African American infants: the role of maternal exposure to
interpersonal racial discrimination. Am J Public Health 2004;94:2132–8.

15. Essed P. Knowledge and resistance: black women talk about racism in the
Netherlands and the USA. Fem Psychol 1991;1:201–19.

16. Krieger N, Sidney S, Coakley E. Racial discrimination and skin color in
the CARDIA study: implications for public health research: Coronary
Artery Risk Development in Young Adults. Am J Public Health 1998;
88:1308–13.

17. Essed P. Everyday Racism: Reports from Women of Two Cultures.
Alameda, CA, Hunter House; 1990.

18. Essed P. Understanding Everyday Racism: An Interdisciplinary Theory.
Thousand Oaks, CA: Sage Publications, Inc.; 1991.

19. McNeilly M, Robinson EL, Anderson NB, Pieper CF, Shah A, Toth PS,
Martin P, Jackson D, Saulter TD, White C, Kuchiatla M, Collado SM,
Gerin W. Effects of racist provocation and social support on cardiovas-
cular reactivity in African-American women. Int J Behav Med 1995;2:
321–38.

20. Clark R, Adams JH. Moderating effects of perceived racism on John
Henryism and blood pressure reactivity in black female college students.
Ann Behav Med 2004;28:126–31.

21. Williams DR, Neighbors HW, Jackson JS. Racial/ethnic discrimination
and health: findings from community studies. Am J Public Health 2003;
93:200–8.

22. Troxel WM, Matthews KA, Bromberger JT, Sutton-Tyrrell K. Chronic
stress burden, discrimination, and subclinical carotid artery disease in
African American and Caucasian women. Health Psychol 2003;22:
300–9.

23. McEwen BS, Stellar E. Stress and the individual: mechanisms leading to
disease. Arch Intern Med 1993;153:2093–101.

24. Pletcher MJ, Tice JA, Pignone M, Browner WS. Using the coronary
artery calcium score to predict coronary heart disease events: a systematic
review and meta-analysis. Arch Intern Med 2004;164:1285–92.

DISCRIMINATION AND CORONARY ARTERY CALCIFICATION

367Psychosomatic Medicine 68:362–368 (2006)



25. Taylor AJ, Bindeman J, Feuerstein I, Cao F, Brazaitis M, O’Malley PG.
Coronary calcium independently predicts incident premature coronary
heart disease over measured cardiovascular risk factors: mean three-year
outcomes in the Prospective Army Coronary Calcium (PACC) Project.
J Am Coll Cardiol 2005;46:807–14.

26. Greenland P, LaBree L, Azen SP, Doherty TM, Detrano RC. Coronary
artery calcium score combined with Framingham score for risk prediction
in asymptomatic individuals. JAMA 2004;291:210–5.

27. Kondos GT, Hoff JA, Sevrukov A, Daviglus ML, Garside DB, Devries
SS, Chomka EV, Liu K. Electron-beam tomography coronary artery
calcium and cardiac events: a 37-month follow-up of 5635 initially
asymptomatic low- to intermediate-risk adults. Circulation 2003;107:
2571–6.

28. Doherty TM, Tang W, Detrano RC. Racial differences in the significance
of coronary calcium in asymptomatic black and white subjects with
coronary risk factors. J Am Coll Cardiol 1999;34:787–94.

29. Sowers M, Crawford S, Sternfeld B, Marganstein DEBG, Greendale GA,
Evans D, Neer R, Matthews KA, Sherman S, Lo A, Weiss G, Kelsey J.
SWAN: A Multicenter, Multiethnic, Community-Based Cohort Study of
Women and the Menopausal Transition: Menopause: Biology and Patho-
biology. New York, NY: Academic Press; 2000:175–88.

30. Jones JM. Psychological knowledge and the new American dilemma of
race. J Soc Issues 1998;54:641–62.

31. Shelton JN. A reconceptualization of how we study issues of racial
prejudice. Pers Soc Psychol Rev 2000;4:374–90.

32. Williams DR, Yu Y, Jackson JS, Anderson NB. Racial differences in
physical and mental health. J Health Psychol 1997;2:335–51.

33. Barnes LL, Mendes De Leon CF, Wilson RS, Bienias JL, Bennett DA,
Evans DA. Racial differences in perceived discrimination in a community
population of older blacks and whites. J Aging Health 2004;16:315–37.

34. Taylor TR, Kamarck TW, Shiffman S. Validation of the Detroit Area
Study Discrimination Scale in a community sample of older African
American adults: the Pittsburgh Healthy Heart Project. Int J Behav Med
2004;11:88–94.

35. Radloff LS. The CES-D Scale: a self-report depression scale for research
in the general population. Appl Psychol Meas 1977;1:385–401.

36. Barefoot JC, Dodge KA, Peterson BL, Dahlstrom WG, Williams RB Jr.
The Cook-Medley Hostility Scale: item content and ability to predict
survival. Psychosom Med 1989;51:46–57.

37. Agatston AS, Janowitz WR, Hildner FJ, Zusmer NR, Viamonte M Jr,
Detrano R. Quantification of coronary artery calcium using ultrafast
computed tomorgraphy. J Am Coll Cardiol 1990;15:827–832.

38. Kop WJ, Berman DS, Gransar H, Wong ND, Miranda-Peats R, White
MD, Shin M, Bruce M, Krantz DS, Rozanski A. Social network and
coronary artery calcification in asymptomatic individuals. Psychosom
Med 2005;67:343–52.

39. O’Malley PG, Jones DL, Feuerstein IM, Taylor AJ. Lack of correlation
between psychological factors and subclinical coronary artery disease.
N Engl J Med 2000;343:1298–304.

40. Budoff MJ, Yang TP, Shavelle RM, Lamont DH, Brundage BH. Ethnic
differences in coronary atherosclerosis. J Am Coll Cardiol 2002;39:
408–12.

41. Diez Roux AV, Detrano R, Jackson S, Jacobs DR Jr, Schreiner PJ, Shea S,
Szklo M. Acculturation and socioeconomic position as predictors of coro-
nary calcification in a multiethnic sample. Circulation 2005;112:1557–65.

42. Expert Panel on Detection and Treatment of High Blood Cholesterol in
Adults. Executive Summary of the Third Report of the National Choles-
terol Education Program (NCEP) Expert Panel on Detection, Evaluation,
and Treatment of High Blood Cholesterol in Adults (Adult Treatment
Panel III). JAMA 2001;285:2486–97.

43. Steiner P, Freidel J, Bremner W, Stein E. Standardization of micrometh-
ods for plasma cholesterol, triglyceride and HDL-cholesterol with the
lipid clinics’ methodology. J Clin Chem 1981;19:850.

44. Warnick GR, Albers JJ. A comprehensive evaluation of the heparin-
manganese precipitation procedure for estimating high density lipopro-
tein cholesterol. J Lipid Res 1978;19:65–76.

45. Myers GL, Cooper GR, Winn CL, Smith SJ. The Centers for Disease
Control–National Heart, Lung and Blood Institute Lipid Standardization
Program: an approach to accurate and precise lipid measurements. Clin
Lab Med 1989;9:105–35.

46. National Institutes of Health. Clinical guidelines on the identification,
evaluation, and treatment of overweight and obesity in adults: the evi-
dence report. Obes Res 1998;6(suppl 2):51S–209.

47. Sternfeld B, Ainsworth BE, Quesenberry CP. Physical activity patterns in
a diverse population of women. Prev Med 1999;28:313–23.

48. Stone A. Selected methodological concepts: mediation and moderation,
individual differences, aggregation strategies, and variability of repli-
cates. In: Schneiderman N, McCabe P, Baum A, eds. Stress and Disease
Processes: Perspectives in Behavioral Medicine. Hillsdale, NJ: Lawrence
Erlbaum Associates; 1990:155–71.

49. Efron B, Tibshiran R. Improvements on cross-validation: the bootstrap
method. J Am Stat Assoc 1997;92:548–60.

50. Maindonald J, Braun J. Data Analysis and Graphics Using R: An Exam-
ple-Based Approach. Cambridge University Press; 2003.

51. Swim JK, Stangor C. Prejudice: The Target’s Perspective. New York,
NY: Academic Press; 1998.

52. Kessler RC, Mickelson KD, Williams DR. The prevalence, distribution,
and mental health correlates of perceived discrimination in the United
States. J Health Soc Behav 1999;40:208–30.

53. Guthrie BJ, Young AM, Williams DR, Boyd CJ, Kintner EK. African
American girls’ smoking habits and day-to-day experiences with racial
discrimination. Nurs Res 2002;51:183–90.

54. Krieger N, Sidney S. Racial discrimination and blood pressure: the
CARDIA Study of young black and white adults. Am J Public Health
1996;86:1370–8.

55. Steffen PR, McNeilly M, Anderson N, Sherwood A. Effects of perceived
racism and anger inhibition on ambulatory blood pressure in African
Americans. Psychosom Med 2003;65:746–50.

56. Markovitz J, Matthews K, Kiss J, Smitherman T. Effects of hostility on
platelet reactivity to psychological stress in coronary heart disease pa-
tients and in healthy controls. Psychosom Med 1996;58:143–9.

57. Horsten M, Ericson M, Perski A, Wamala SP, Schenck-Gustafsson K,
Orth-Gomer K. Psychosocial factors and heart rate variability in healthy
women. Psychosom Med 1999;61:49–57.

58. Harris KF, Matthews KA, Sutton-Tyrrell K, Kuller LH. Associations
between psychological traits and endothelial function in postmenopausal
women. Psychosom Med 2003;65:402–9.

59. Shively CA, Clarkson TB. Social status and coronary artery atheroscle-
rosis in female monkeys. Arterioscler Thromb 1994;14:721–6.

60. Sapolsky RM. The Influence of social hierarchy on primate health.
Science 2005;308:648–52.

61. Kaplan JR, Adams MR, Clarkson TB, Manuck SB, Shively CA, Williams
JK. Psychosocial factors, sex differences, and atherosclerosis: lessons
from animal models. Psychosom Med 1996;58:598–611.

62. Lee TC, O’Malley PG, Feuerstein I, Taylor AJ. The prevalence and
severity of coronary artery calcification on computed tomography in
black and white subjects. J Am Coll Cardiol 2003;41:39–44.

63. Bild DE, Detrano R, Peterson D, Guerci A, Liu K, Shahar E, Ouyang P,
Jackson S, Saad MF. Ethnic differences in coronary calcification: the Multi-
Ethnic Study of Atherosclerosis (MESA). Circulation 2005;111:1313–20.

64. Cassidy AE, Bielak LF, Zhou Y, Sheedy PF II, Turner ST, Breen JF,
Araoz PA, Kullo IJ, Lin X, Peyser PA. Progression of subclinical coro-
nary atherosclerosis: does obesity make a difference? Circulation 2005;
111:1877–82.

T. T. LEWIS et al.

368 Psychosomatic Medicine 68:362–368 (2006)


