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Chronic discrimination in both minority and non-minority populations is linked to adverse health out-
comes, including increased risk of cardiovascular disease and increased mortality, but the biological pro-
cesses through which discrimination affects health are unclear. The current study tested the hypothesis
that discrimination in a sample of Caucasians would predict elevated serum levels of E-selectin, an indi-
cation of endothelial dysfunction which itself is associated with atherosclerosis and cardiovascular dis-
ease risk. Participants (N = 804) in the biomarker sample from the Survey of Midlife in the United
States (MIDUS) provided information about experiences of both major and everyday discrimination at
two times separated by a 9–10 year interval. The discrimination measures were designed to assess per-
ceived unfair treatment (e.g. being fired unfairly) independently of the perceived reasons for the unfair
treatment (e.g. race, gender). Serum E-selectin was measured at the second wave of data collection.
Women reported significantly more instances of major (P < 0.05) and everyday P < 0.001) discrimination
than men. Analyses of Covariance (ANCOVA) showed that both greater lifetime exposure to major dis-
crimination (P < 0.05) and chronic exposure to everyday discrimination (P < 0.05) predicted higher circu-
lating levels of E-selectin, but only in men. These associations remained statistically significant after
adjustments for potential confounding variables, including age, race, socioeconomic status, health status,
and health behavior. These results highlight a potential biological mechanism by which exposure to
unfair treatment may be related to health, particularly cardiovascular function. Moreover, they add to
a growing literature suggesting that unfair treatment in general may predict adverse health outcomes.

� 2009 Elsevier Inc. All rights reserved.
1. Introduction

Discrimination has been convincingly linked to a range of ad-
verse health outcomes (Williams et al., 2003; Paradies, 2006),
and the ways in which discrimination can affect health are myriad.
Institutionalized discrimination, for example, can affect the health
of entire segments of the population by way of reduced access to
health care, sub-standard living conditions, and diminished oppor-
tunities for socioeconomic advancement (Krieger, 2001; Ahmed
et al., 2007). At the individual level, exposure to unfair treatment
or the perception of unfair treatment may act as a potent stressor
that has adverse effects on health and longevity. In community-
ll rights reserved.
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an).
dwelling samples of African American women, for example,
chronic exposure to discrimination is positively associated with
risk factors for cardiovascular disease, including elevated blood
pressure (Guyll et al., 2001), increased carotid intima media thick-
ness (Troxel et al., 2003), and coronary artery calcification (Lewis
et al., 2006). Perceived discrimination is also associated with in-
creased risk of mortality in older adults (Barnes et al., 2008). To
date, however, little is known about how — i.e. through what bio-
logical processes — unfair treatment is linked to adverse health
outcomes, including elevated cardiovascular risk. The current
study focuses on E-selectin, a marker for one candidate pathway:
endothelial dysfunction.

E-selectin is one of a family of cell adhesion molecules (CAMs)
that are expressed on the surfaces of endothelial cells as part of
the inflammatory response to endothelial damage, and expression
of these proteins is one indication of potential adverse changes in
endothelial homeostasis, also known as endothelial dysfunction
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(Ross, 1999). Endothelial dysfunction in turn is an initiating step in
the process of atherosclerosis, a leading cause of cardiovascular
disease (Ross, 1999). Soluble E-selectin and related CAMs are
thought to be shed from activated endothelial cells (Pigott et al.,
1992) and are associated with atherosclerosis (Bonora, 2006; Galk-
ina and Ley, 2007) as well as cardiovascular disease morbidity and
mortality (Hwang et al., 1997; Blann and Lip, 2000; Zethelius et al.,
2008). E-selectin in particular was a logical focus for the current
study because while other CAMs, such as VCAM and ICAM, are ex-
pressed on multiple cell types (Springer, 1990), E-selectin is un-
iquely expressed by endothelial cells (Erbe et al., 1992), and prior
research has linked exposure to discrimination with endothelial
pathology (Troxel et al., 2003; Lewis et al., 2006).

While there is no direct evidence to date of a link between psy-
chosocial stress and soluble E-selectin levels, stress exposure has
been linked to endothelial dysfunction in human and animal mod-
els (Rozanski et al., 1999; Harris and Matthews, 2004; Das and
O’Keefe, 2006), and hormones that are released during the stress re-
sponse have direct effects on endothelial function (Wilbert-Lampen
et al., 2006, 2007). For example, disruption of stable social groups of
cynomolgus monkeys resulted in damaged endothelial cells, an ef-
fect that involved activation of the sympathetic nervous system
(Skantze et al., 1998). In healthy men, an experimental speech
stressor temporarily impaired the ability of blood vessels to dilate
in response to increased blood flow (Ghiadoni et al., 2000). A sepa-
rate study showed that this effect was reversed by pre-treatment
with metyrapone, a glucocorticoid antagonist (Broadley et al.,
2005). Cultured human endothelial cells exposed to corticotropin-
releasing hormone (Wilbert-Lampen et al., 2006) or beta-endorphin
(Wilbert-Lampen et al., 2007), increase their release of endothelin-
1, a vasoconstrictor, and (in the case of beta-endorphin) lower lev-
els of nitric oxide, a vasodilator. The aggregate of these effects is
unopposed vasoconstriction (Wilbert-Lampen et al., 2006, 2007).
Collectively, these prior studies show that ecological and laboratory
stressors and exposure to stressor-related hormones both in vivo
and in vitro impair endothelial function. The current study tested
the hypothesis that perceived discrimination constitutes a kind of
stress that predicts greater endothelial dysfunction, as measured
by higher circulating concentrations of E-selectin.

The focus of the present study was perceived discrimination in
general, not racism perse. While racism is a principal focus of re-
search on the health effects of discrimination in the US, and while
racism may be a particularly detrimental form of unfair treatment,
recent evidence suggests that unfair treatment of any type may pre-
dict poorer health outcomes in minority and non-minority popula-
tions alike. While unfair treatment was associated with greater
coronary artery calcification among African American women in
the Study of Women’s Health Across the Nation (SWAN), racial dis-
crimination was not more detrimental than other forms of discrim-
ination (Lewis et al., 2006). Similarly, carotid intima media
thickness in the SWAN study was significantly greater among Afri-
can American women with greater exposure to unfair treatment,
but racism specifically was only marginally associated with artery
thickness (Troxel et al., 2003). Results from the Chicago Health
and Aging Project showed that perceived discrimination was asso-
ciated with a significantly increased risk of mortality, and this was
true for both African American and Caucasian participants (Barnes
et al., 2008). In the Survey of Midlife in the United States (MIDUS),
perceived discrimination was associated with higher rates of
depression in Caucasians than in African Americans (Kessler et al.,
1999). In the Whitehall study, perceived unfairness has been re-
lated to incident coronary events (De Vogli et al., 2007a,b), incident
psychiatric morbidity (Ferrie et al., 2006), and metabolic syndrome
(De Vogli et al., 2007a,b). These studies are not framed within the
context of discrimination but unfairness is operationalized with
measures similar to those used in the discrimination literature. In-
deed, perceived discrimination is linked to adverse health out-
comes in many diverse groups in a broad range of national
contexts (Williams and Mohammed, 2008). Collectively, these re-
sults suggest that any form of unfair treatment may increase dis-
ease risk, and that diverse groups may be vulnerable to
consequent adverse health outcomes. The measures used in the
current study were designed to distinguish between perceptions
of kinds of unfair treatment (e.g. being denied a promotion; receiv-
ing inferior service) and the perceived reasons for receiving such
unfair treatment (e.g. race/ethnicity, age, gender (Williams et al.,
1997)). Thus, it was possible to test the hypothesis that unfair treat-
ment in general (i.e. for any reason) rather than racism, in particu-
lar, would be positively associated with circulating concentrations
of E-selectin.

Data for the current analyses are from the Survey of Midlife in
the United States (MIDUS), a longitudinal study of health and
well-being in community-dwelling adults (Brim et al., 2004). Infor-
mation on exposure to discrimination was collected in two surveys
separated by a 9–10 year interval, and serum samples of E-selectin
were obtained as part of the second wave of data collection. Two
broad types of discrimination are measured in MIDUS: major life-
time discrimination and everyday discrimination (Williams et al.,
1997). The former include experiences that can affect life chances,
such as the loss of a job or being denied a bank loan. These expe-
riences were found to be common among MIDUS participants, par-
ticularly among those with disadvantaged social status, and were
predictive of poorer mental health (Kessler et al., 1999). We
hypothesized that participants with greater exposure to such expe-
riences would have higher levels of E-selectin (i.e. a dose-depen-
dent relationship). In contrast, everyday discrimination describes
routine unfair treatment, such as being called names or insulted,
and while these experiences can be considered relatively minor,
such treatment can adversely affect health over time. Chronic,
but not acute exposure to everyday discrimination was associated
with coronary artery calcification in African American women, for
example (Lewis et al., 2006). In the current study we tested the
hypothesis that individuals who reported exposure to everyday
discrimination in both surveys, thereby demonstrating persistence
of this stressor over time, would have higher levels of E-selectin
than those reporting no discrimination or discrimination at only
one wave of MIDUS data collection. We also examined the poten-
tial role of negative affect in mediating any associations between
discrimination and E-selectin levels.
2. Methods

2.1. Participants

The MIDUS study comprises telephone and mail surveys that
were conducted in 1995–1996 and 2004–2006. A national proba-
bility sample of households in the 48 contiguous states with at
least one telephone, conducted by the John D. and Catherine T.
MacArthur Foundation Research Network on Successful Midlife
Development, was selected initially in 1995–1996 (MIDUS 1) using
random digit dialing (Brim et al., 2004). The sample of 7120 non-
institutionalized adults was stratified in advance by gender and
age to achieve equal gender distribution and an age distribution
with the greatest number between 40 and 60. An average of 9.2
years later (range 7.8–10.4 years), 75% (adjusted for mortality) of
those living from the original sample agreed to participate in a sec-
ond wave of data collection (MIDUS 2). Participants’ responses on
measures of everyday discrimination from both waves of MIDUS
data collection were used in the current study; samples for mea-
surement of E-selectin were obtained as part of MIDUS 2 data
collection.
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Biological data collection for MIDUS is ongoing, although a suf-
ficiently large subsample was available to carry out present analy-
ses. Criteria for participating in this part of the investigation were
that respondents had to have completed the second wave of tele-
phone and mail surveys (MIDUS 2). They were recruited by letter
and a follow-up telephone call. Those who agreed to participate
stayed overnight at one of three regional General Clinical Research
Centers (GCRC). Upon arrival at the GCRC each respondent pro-
vided a detailed medical history interview with a GCRC clinician
and completed a set of self-administered questionnaires. Partici-
pants were also asked to bring all prescription, over-the-counter,
and alternative medications to the GCRC, and these were invento-
ried by project staff. The following morning fasting blood samples
were obtained.

The biomarker sample included in these analyses is based on
887 respondents. Missing questionnaire and/or biomarker data
yielded a final sample of 804.1 Compared to MIDUS 2 respondents
who did not complete the biomarker study (n = 3148), the bio-
marker sample was better educated (23.5% had some post-second-
ary education vs. 17.4% for the full sample, v2(4) = 41.58,
P < 0.001), reported better health (9.9% poor/fair vs. 15.6%,
v2(4) = 21.9, P < 0.001), and was more likely to report at least one
instance of major lifetime discrimination (42.6% vs. 36.3%,
v2(2) = 16.3, P < 0.001). There were no differences in everyday dis-
crimination scores, and age, gender, race/ethnicity, and marital sta-
tus were comparable in the two samples.

2.2. Discrimination measures

Information about perceived unfair treatment of any type was
collected using self-administered questionnaires, and two different
types of unfair treatment were assessed. These two measures were
developed to study racial discrimination in Detroit (Williams et al.,
1997) and were largely based on prior qualitative studies of dis-
crimination (Essed, 1991; Feagin, 1991). These same measures
were found in MIDUS 1 to predict increased likelihood of depres-
sion and anxiety (Kessler et al., 1999).

The first measure, perceptions of major lifetime of discrimina-
tion, consisted of 11 specific events, such as not being hired for a
job (see Table 1). Participants were asked to indicate how many
times they experienced each event and were instructed to count
only those instances when they perceived that discrimination of
some type was the underlying reason for the event. These items
generated 11 variables, each with a distribution of values, the mod-
al value being 0, and a highly positive skew. Given these distribu-
tions and the fact that we had no a priori hypotheses about specific
experiences that would be related to E-selectin, we created a sum-
mary measure that consisted of three values: never, 1–2 instances
(i.e. a response greater than 0 to any of the 11 items), and 3 or more
instances. This summary measure enabled testing the hypothesis
that greater exposure to perceived major discrimination of any
type would predict greater circulating concentrations of E-selectin.
Because this measure assessed lifetime occurrences of each experi-
ence, only data from MIDUS 2 (which incorporated both MIDUS 1
responses and any new experiences in the intervening 9–10 years)
were included. Participants were also asked to identify the reason
1 The biomarker sample included 273 twins, and we took two steps to determine
whether the current analyses were influenced by their presence in the sample. First,
the associations between both forms of discrimination and E-selectin remained
statistically significant in analyses the controlled for twin status. Second, we analyzed
the associations of discrimination and E-selectin in the twins and the rest of the
sample independently — these analyses showed that the associations were stronger
in the non-twins than in the twins. These additional analyses collectively increased
our confidence that the presence of the twins in the analytical sample did not
materially affect the results.
for specific type of discrimination they felt they had experienced
(e.g. age, gender, race, ethnicity, and height/weight).

The second measure of unfair treatment assessed everyday
experiences of relatively minor discrimination, such as receiving
poorer service at restaurants or being called names (see Table 1).
Using a 4-point scale (1 = never; 4 = often) participants indicated
how frequently they experienced 9 different types of everyday dis-
crimination. In contrast to the measure of lifetime discrimination,
this scale was designed to assess perceptions of routine, albeit rel-
atively minor, unfair treatment. In order to test the hypothesis that
persistent and long-term perceptions of routine unfair treatment
would be more biologically detrimental than more limited percep-
tions of unfair treatment, we used data from both MIDUS 1 and
MIDUS 2 to classify participants into one of three categories: never
experienced everyday discrimination (i.e. a score of 1 at both
MIDUS 1 and MIDUS 2); reported everyday discrimination at either
MIDUS 1 or MIDUS 2 (i.e. a score of 1 at either MIDUS 1 or MIDUS
2); reported everyday discrimination at both MIDUS 1 and MIDUS
2 (i.e. scores other than 1 at both MIDUS 1 and MIDUS 2). We took
this approach (rather than using a continuous variable) for two
reasons. First, the distribution of scores on the scale at both MIDUS
1 and MIDUS 2 was strongly positively skewed because the modal
response was ‘‘never.” While regression analyses showed that
greater exposure to everyday discrimination was associated with
higher levels of E-selectin, additional analyses involving just those
reporting discrimination showed that greater exposure was not
associate with higher E-selectin levels – the relevant difference
was between those who perceived unfair treatment and those
who did not. Transformation of the data did not alter these results.
The second reason we took this measurement approach was that
averaging across MIDUS 1 and MIDUS 2 scores would not have per-
mitted an assessment of the extent to which chronic exposure spe-
cifically was linked to E-selectin levels. Prior research showed that
chronic but not acute perceived discrimination was positively
associated with coronary artery thickness (Lewis et al., 2006).

2.3. E-selectin

Fasting serum samples from the GCRC were assayed for E-selec-
tin using high-sensitivity enzyme-linked immunosorbent assay
(hsELISA) according to manufacturer guidelines (R&D Systems,
Minneapolis, MN). The laboratory coefficients of variance (CV) for
all assays were in acceptable ranges (typically<10%).

2.4. Covariates

In addition to age, marital status, education, and race, analyses
controlled for the influences of health status and health behaviors.
These latter domains are also possibly implicated in poor health,
which might explain elevated levels of E-selectin. Similarly, smok-
ing and other health behaviors (chronic alcohol use, caffeine con-
sumption) may be related to higher E-selectin levels. By
controlling for health status and health behaviors, we sharpened
the focus on the extent to which unfair treatment predicts elevated
disease risk in individuals whose current health and health behav-
iors are held constant.

2.4.1. Health status
Health status was assessed using both subjective and objective

measures. Subjective health was assessed by single survey ques-
tion: ‘‘In general would you say your physical health is excellent,
very good, good, fair, or poor” Scores on this item ranged from 1
(‘‘Excellent”) to 5 (‘‘Poor”). Self-rated health is a strong predictor
of later morbidity (Idler and Kasl, 1995; Moller et al., 1996) and
mortality (Idler and Benyamini, 1997; Franks et al., 2003). The
GCRC visit included measurement of height and weight, and body



Table 1
Measures of major lifetime discrimination and everyday discrimination.

Major lifetime discrimination (Participants indicate number of instances of each)
‘‘How many times in your life have you been discriminated against in each of the following ways because of such things as your race, ethnicity, gender, age, religion, physical

appearance, sexual orientation, or other characteristics?”
a. ‘‘You were discouraged by a teacher or advisor from seeking higher education.”
b. ‘‘You were denied a scholarship.”
c. ‘‘You were not hired for a job.”
d. ‘‘You were not given a promotion.”
e. ‘‘You were fired.”
f. ‘‘You were prevented from renting or buying a home in the neighborhood you wanted.”
g. ‘‘You were prevented from remaining in a neighborhood because neighbors made life so uncomfortable.”
h. ‘‘You were hassled by the police.”
i. ‘‘You were denied a bank loan.”
j. ‘‘You were denied or provided inferior medical care.”
k. ‘‘You were denied or provided inferior service by a plumber, care mechanic, or other service provider.”
Coding: Each item is answered by frequency (# of times) of its happening.

Everyday Discrimination (Participants respond using 4-pt. scale: Often; Sometimes; Rarely; Never)
a. ‘‘You are treated with less courtesy than other people.”
b. ‘‘You are treated with less respect than other people.”
c. ‘‘You receive poorer service than other people at restaurants or stores.”
d. ‘‘People act as if they think you are not smart.”
e. ‘‘People act as if they are afraid of you.”
f. ‘‘People act as if they think you are dishonest.”
g. ‘‘People act as if they think you are not as good as they are.”
h. ‘‘You are called names or insulted.”
i. ‘‘You are threatened or harassed.”
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mass index (BMI; weight in kilograms divided by the square of
height in meters) was calculated for each participant. A continuous
measure of BMI was included in all analyses. Finally, anti-hyper-
tensive, cholesterol-lowering, steroid, and anti-depressant medica-
tions have all been shown to lower soluble levels of E-selectin
(Alonso et al., 2001; Guzic-Salobir et al., 2001; Serebruany et al.,
2003; Sanada et al., 2005). Use of any of these medications was
determined from medication inventories obtained during the GCRC
visit, and four dummy-coded variables were created for statistical
analyses.

2.4.2. Health behaviors
Health behaviors are based on self-reported information from

questionnaires completed by respondents during the GCRC visit.
Cigarette smoking has adverse effects on endothelial function
(Blann and McCollum, 1993). To account for the potential direct ef-
fects of smoking on E-selectin levels, a single variable — smoking
was coded as never smoked, former smoker, and current smoker
— was included in all analyses. Chronic alcohol use has also been
linked to elevated soluble E-selectin (Sacanella et al., 1999), and
all analyses included a continuous variable indicating on the num-
ber of drinks consumed during a typical week. Finally, caffeine con-
sumption has been shown to have an adverse effect on endothelial
function acutely (Papamichael et al., 2005), although long-term
endothelial effects are less clear (Lopez-Garcia et al., 2006). To con-
trol for potential direct effects of caffeine on E-selectin levels, data
on frequency of caffeine intake from coffee, tea, or caffeinated bev-
erages were used to calculate average number of caffeinated bev-
erages consumed per day; this continuous variable was included
in all analyses.

2.4.3. Neuroticism
While perceived discrimination is hypothesized to act a psycho-

social stressor and thereby to affect health, it is possible that those
who perceive greater discrimination may do so because of a gen-
eral negative emotional orientation, which itself may be linked to
health. To examine the potential role of the personality dimension
of neuroticism, the stable tendency to perceive events negatively,
in mediating any associations of perceived discrimination and E-
selectin levels, participants completed questions focused on how
well four adjectives — moody, worrying, nervous, calm — described
them (Rossi, 2001). They responded using a 4-point scale (1 = a lot;
4 = not at all). Scores on the 4 items were then averaged to gener-
ate a scale score (range 0–4). Internal consistency for this 4 item
scale was good (a = 0.74).

2.4.4. Statistical analyses
Associations between perceived discrimination and serum E-

selectin levels were examined using analysis of variance (ANO-
VA). Significant differences in group means were further exam-
ined using Tukey’s post hoc test. Separate models were
estimated for lifetime and everyday discrimination, and analyses
of covariance (ANCOVA) were used to examine potential con-
founding by demographic, socioeconomic, health status, and
health behavior variables. The possible mediating role of neurot-
icism was also tested in bivariate, ANOVA, and ANCOVA analy-
ses. The threshold for identifying statistically significant
associations was set at a = 0.05.

3. Results

Table 2 provides descriptive statistics for the study sample. Pre-
liminary analyses revealed substantial gender differences in both
predictor and outcome variables. For example, women were signif-
icantly more likely than men to report instances of both lifetime
[v2(2) = 8.33, P < 0.05] and everyday [v2(2) = 21.91, P < 0.001] dis-
crimination. This result was somewhat surprising — more often
than not, men tend to report higher levels of discrimination than
women — but the data are not uniform; a few studies find women
are higher (see review by Paradies, 2006). Men, however, had sig-
nificantly higher circulating levels of E-selectin than women
[t(802) = 4.65, P < 0.001]. There were also significant gender differ-
ences for many of the covariates of interest. Men, for example,
were more likely than women to be married, to have smoked, to
drink more alcohol on a weekly basis, to have more years of educa-
tion, to be taking cholesterol medication, and to have higher BMI
values. Women, in contrast, reported a greater number of chronic
health conditions and were more likely to be taking prescription
steroid and anti-depressant medications than men (see Table 1),
although preliminary analyses showed that medication use was
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unrelated to E-selectin levels (data not shown). For these reasons,
interaction terms for gender and discrimination were included in
all statistical models.

Approximately 35% of the male participants reported at least
one instance of major lifetime discrimination with 19% reporting
more than 3 instances. The most common forms of discrimination
reported were not being hired for a job (19.1%), not being given a
job promotion (16.4%), and being denied service or given inferior
service (14.7%). The most common reasons given for discrimina-
tion were age (48.4% of those reporting discrimination) and race
(31.2%; data not shown). Thirty-one percent of men reported never
experiencing everyday discrimination, while almost 39% reported
chronic experiences of everyday discrimination (Table 2).

Almost half of the female participants reported at least one in-
stance of major lifetime discrimination while nearly 30% reported
3 or more instances (Table 1). As was the case for men, among
those reporting discrimination not being hired for a job (20%),
not being promoted (16.4%), and being denied service or given
inferior service (14.7%) were the most common forms of discrimi-
nation, while gender (72%) and height/weight (28.2%) were the
principal reasons for discrimination reported (data not shown). Fi-
nally, only 20% of women reported no experiences of everyday dis-
crimination while more than half reported chronic everyday
discrimination (Table 2).

3.1. Discrimination and E-selectin

Experiences of major lifetime discrimination predicted signifi-
cantly higher circulating levels of E-selectin [F(2,802) = 6.65,
P = 0.001, gp

2 = 0.02], and this association remained statistically
significant after inclusion of covariates in the ANCOVA model
[F(2,788) = 4.40, P < 0.05; gp

2 = 0.02]. Post hoc testing showed that
those reporting 3 or more instances of major discrimination had
significantly higher E-selectin levels than those reporting none
(P < 0.05).

There was also a significant gender � discrimination interac-
tion in both the ANOVA [F(2,802) = 4.16, P < 0.05; gp

2 = 0.01]
and ANCOVA models [F(2,786) = 6.24, P < 0.01; gp

2 = 0.01]. Given
this interaction, separate models were estimated for men and
women. The results showed that major lifetime discrimination
predicted higher E-selectin levels in men [ANOVA:
F(2,383) = 8.14, P < 0.001; gp

2 = .04; ANCOVA: F(2,367) = 4.15,
P < 0.05; gp

2 = 0.02] but not in women [ANOVA:
F(2,431) = 0.20, P > 0.05; ANCOVA F(2,415) = 0.06, P > 0.05;
Fig. 1]. Post hoc testing showed that men reporting 3 or more
instances had significantly higher E-selectin levels than the other
two groups (P < 0.05). Of the other variables included in the full
model, only higher BMI levels were associated with higher E-
selectin in men. In women, higher BMI levels and greater daily
consumption of caffeine both predicted higher E-selectin levels.

Chronic everyday discrimination significantly predicted high-
er E-selectin levels [F(2,802) = 4.19, P < 0.05; gp

2 = 0.01], and
this association remained statistically significant after the inclu-
sion of covariates [F(2,786) = 8.51, P < 0.001; gp

2 = 0.01]. Post
hoc testing showed that those experiencing everyday discrimi-
nation chronically (at both MIDUS 1 and MIDUS 2) had higher
levels of E-selectin that those reporting no discrimination
(P < 0.05).

As with lifetime discrimination, there was a near-significant
interaction for gender and everyday discrimination in the ANOVA
model [F(2,802) = 2.97, P = 0.05; gp

2 = 0.01] and a significant inter-
action in the full ANCOVA model [F(2,786) = 15.44, P < 0.001;
gp

2 = 0.01], and again separate ANCOVAs were estimated for men
and women. Chronic everyday discrimination predicted higher E-
selectin levels in men [ANOVA: F(2,383) = 6.40, P < 0.01;
gp

2 = 0.03; ANCOVA: F(2,367) = 3.66, P < 0.05; gp
2 = 0.02] but not
in women [ANOVA: F(2,431) = 0.32, P > 0.05; ANCOVA:
F(2,415) = 0.07, P > 0.05; Fig. 2], and post hoc tests showed that
men who reported everyday discrimination at both MIDUS 1 and
MIDUS 2 had elevated levels of E-selectin compared to those
who reported no discrimination experiences.

3.2. Relationships with neuroticism

Finally, we examined the extent to which neuroticism mediated
the association of perceived discrimination and E-selectin levels.
Men and women reporting higher levels of perceived major dis-
crimination [F(2,863) = 3.26, P < 0.05] and everyday discrimination
[F(2,863) = 15.30, P < 0.001] also had significantly higher scores on
the neuroticism scale. However, bivariate analyses showed no
association between neuroticism and E-selectin levels (r = �0.02,
P > 0.05), and inclusion of neuroroticism in ANCOVA models did
not affect the association E-selectin with either lifetime
[F(2,365) = 3.94, P < 0.05] or everyday [F(2,365) = 3.22, P < 0.05]
discrimination. We also examined possible moderation by neurot-
icism by including interaction terms for neuroticism and discrimi-
nation type, but in neither case was the interaction statistically
significant (data not shown).
4. Discussion

This study tested the general hypothesis that perceived unfair
treatment would be associated with increased circulating concen-
trations of the soluble adhesion molecule E-selectin, and the re-
sults supported that hypothesis for men, but not for women.
Male participants who reported experiencing 3 or more instances
of major lifetime discrimination had significantly higher E-selectin
levels than those reporting fewer or no instances. Those men who
reported everyday discrimination at the time of MIDUS 1 data col-
lection and also 9–10 years later at MIDUS 2, thereby showing per-
sisting experiences of unfair treatment, had significantly higher
levels of E-selectin than men reporting no minor discrimination.
In our statistical models, potential confounding by age, race, socio-
economic status, subjective and objective health status, health
behaviors, and medication use was examined, and none of these
variables fully explained the observed associations. In addition,
dispositional negative affect, while associated with both forms of
perceived discrimination, did not mediate the association of unfair
treatment and E-selectin levels. Collectively, these results support
the contention that unfair treatment, particularly if it is chronic,
may have an adverse impact on endothelial function, which could
constitute a pathway to increased risk of vascular disease. Both
forms of discrimination accounted for 2–3% of the variance in E-
selectin in men, and while this is a small effect size, it is worth not-
ing that BMI, the strongest predictor of E-selectin levels in both
men and women, accounted for only 7–8% of the variance (data
not shown). The findings represent the first evidence of which
we are aware that soluble E-selectin levels are associated with psy-
chosocial experience.

Discrimination has been shown to have an impact on the men-
tal and physical health of stigmatized groups (Krieger, 2001;
Ahmed et al., 2007) as well as individuals exposed to unfair treat-
ment (Kessler et al., 1999; Williams et al., 2003; Ferdinand, 2006;
Barnes et al., 2008), and cardiovascular disease (CVD), the leading
cause of death in the US (Rosamond et al., 2008), provides a com-
pelling nexus for research on the health consequences of discrim-
ination as well as the mechanisms involved. For example, rates of
cardiovascular disease are higher in populations who have tradi-
tionally experienced discriminatory treatment (Ferdinand, 2006;
Rosamond et al., 2008), and indices of risk for CVD, such as vascular
pathology, are positively linked to perceived exposure to unfair



Table 2
Descriptive statistics for study sample.

Predictors Men (n = 385) Women (n = 419) p-Value

Mean (±SE) Range % Mean (±SE) Range %

Lifetime discrimination
Never 64.5 51.0 <0.05
1–2 instances 16.5 19.3
3+ Instances 19.0 29.8

Daily discrimination
Never 31.1 20.0 <0.001
M1 or M2 30.1 27.9
M1 and M2 38.7 52.0

Age 59.0 (0.6) 36–86 57.9 35–86 0.14
Marital status (% married) 80.9 64.0 <0.001
Race/ethnicity (% white) 92.6 93.7 0.16

Education
<High school 4.3 3.5 <0.001
HS grad or GED 16.9 24.7
Some college or 2-year degree 29.0 31.0
College grad 26.0 17.6
Some grad school or more 23.8 23.2

Health status and health behavior
Self-rated health (% fair or poor) 13.7 15.4 0.25
Body mass index (BMI) 29.7 (0.3) 20–57 28.8 (0.3) 15–60 0.05

Smoking status
Current smoker 11.5 11.6 <0.05
Ex-smoker 38.9 30.4
Never smoked 49.6 58.0

Avg. alcoholic drinks per week 4.6 (0.3) 0–56 1.9 (0.2) 0–28 <0.001
Avg. caffeinated drinks per day 2.8 (0.02) 1–3 2.8 (0.0) 1–3 0.23
Blood pressure medication (% yes) 34.8 34.7 0.93
Cholesterol medication (% yes) 37.1 23.3 <0.001
Steroid medication (% yes) 3.6 20.3 <0.001
Anti-depressant medication (% yes) 11.8 17.6 <0.05
Neuroticism 1.96 (0.03) 1–4 2.1 (0.03) 1–4 <0.01
Serum soluble E-selectin (ng/mL) 41.2 (0.9) 9–100 35.8 (0.8) 1–100 <0.001
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Fig. 1. Relationship between exposure to major lifetime discrimination and serum
E-selectin in men and women. Adjusted analyses revealed a significant gender X
discrimination interaction [F(2,786) = 6.24, P < 0.01], and gender-specific analyses
showed that among men, exposure to 3 or more instances of any kind of major
discrimination (see Table 1) predicted significantly greater E-selectin levels
compared to those exposed to fewer or no instances of discrimination
[F(2,367) = 4.15, P < 0.05]. In women, discrimination exposure and E-selectin levels
were unrelated.
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Fig. 2. Relationship between exposure to everyday discrimination and serum E-
selectin in men and women. Adjusted analyses revealed a significant gender X
discrimination interaction [F(2,786) = 15.44, P < 0.001], and gender-specific analy-
ses showed that in men, chronic exposure to everyday discrimination (at both
waves of MIDUS data collection) predicted significantly higher levels of E-selectin
compared to men who never experienced everyday discrimination [F(2,367) = 3.66,
P < 0.05]. In women, everyday discrimination and E-selectin levels were unrelated.
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treatment (Troxel et al., 2003; Lewis et al., 2006). Perceived dis-
criminatory treatment, particularly for reasons of race, has also
been linked to greater blood pressure responses to laboratory
stressors among African American women (Guyll et al., 2001; Har-
rell et al., 2003), and greater cardiovascular reactivity may consti-
tute a risk factor for cardiovascular disease (Treiber et al., 2003).
Importantly, chronic elevations in blood pressure are associated
with greater endothelial dysfunction generally (Ross, 1999) and
elevated serum concentrations of E-selectin specifically (Miller
et al., 2004). Given these associations, the current results suggest
that endothelial dysfunction may be an important mechanism by
which discrimination may increase the risk of cardiovascular dis-
ease in particular.

Health status and health behaviors represent potential rival
explanations for the observed associations. For example, health
status, including obesity, may simultaneously explain perceived
exposure to discrimination (Andreyeva et al., 2008) and higher cir-
culating levels of E-selectin (Bonora, 2006). Indeed, BMI was a sig-
nificant predictor of E-selectin levels in all statistical models (data
not shown), and women in particular reported height/weight as
the basis of unfair treatment almost 30% of the time. Moreover, dis-
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crimination is also thought to result in poorer health behavior and
consequently greater likelihood of adverse health outcomes
(Ahmed et al., 2007). A number of health behaviors, including
smoking, have also been positively linked with endothelial dys-
function and higher levels of soluble E-selectin (Blann and McCol-
lum, 1993; Sacanella et al., 1999; Papamichael et al., 2005). For
these reasons, statistical models in the current study adjusted for
health status and health behaviors, and the association between
perceived discrimination and E-selectin levels remained significant
among men. Thus, while health status and health behavior are
clearly linked to endothelial dysfunction, they do not constitute
rival explanations for the relationship between unfair treatment
and E-selectin. That said, it may be fruitful to examine the extent
to which the strength of the links between discrimination and
adhesion molecules (or other biological markers of disease risk)
varies among individuals distinguished by differences in health
status, health behaviors, or other characteristics. Such analyses of
the interplay among multiple variables will help to identify groups
of individuals for whom the association of discrimination and bio-
logical risk is particularly strong (or weak).

Gender was a significant determinant of both E-selectin levels
and of the relationship between E-selectin and experiences of un-
fair treatment. A number of previous studies have reported higher
E-selectin levels in men compared to women (Blann et al., 1996;
Jilma et al., 1996; Bannan et al., 1998; Demerath et al., 2001),
although others have observed no such differences (Ponthieux
et al., 2004). One potential explanation for this difference may be
sex hormones. Pre-menopausal women are at considerably re-
duced risk of endothelial dysfunction than postmenopausal wo-
men (Virdis et al., 2002), and hormone replacement therapies
have been shown to improve endothelial function in postmeno-
pausal women (Guzic-Salobir et al., 2001; Colacurci et al., 2003;
Prestwood et al., 2004; Salpeter et al., 2006). In additional analyses
for the current study, we examined differences in E-selectin levels
in pre- and postmenopausal women, and observed no significant
group differences between women who reported having a men-
strual cycle in the prior 12 months and those who reported none
(data not shown). While this analysis suggests that sex hormones
did not appear to explain the sex differences observed here, MIDUS
does not include the types of data needed for precise classification
of menopausal status (Weinstein et al., 2003). For this reason we
cannot confidently rule out the possibility that menopausal status
may have contributed to sex differences in E-selectin levels in the
current study. A second possible source of the sex difference is BMI,
which was higher for men than for women. Although BMI strongly
predicted E-selectin levels in both men and women, the effect size
was almost 30% larger for men (gp

2 = 0.07–0.08) than for women
(gp

2 = 0.05–0.06), suggesting that BMI may be more strongly re-
lated to endothelial dysfunction in men than in women.

We found no associations between discrimination and E-selec-
tin levels in women, even though women reported higher rates of
both lifetime and everyday discrimination. These results differ
from those of prior studies documenting vascular pathology (Tro-
xel et al., 2003; Lewis et al., 2006) and increased cardiovascular
reactivity (Guyll et al., 2001) in women reporting greater exposure
to discrimination, although links between perceived everyday dis-
crimination and mortality were observed for men and women alike
(Barnes et al., 2008). One important difference between this cur-
rent study and prior ones is the composition of the sample. Data
for each of the studies cited above were taken from the SWAN, a
national longitudinal study of mid-life Caucasian and African
American women. In contrast, as previously noted the MIDUS bio-
marker sample was predominantly Caucasian. In addition, the age
range for the current sample was much broader (35–84 years old)
than for the SWAN (42–52 years old). Although like others (Miles
et al., 2001) we observed no robust relationship between age and
E-selectin levels in the current study (data not shown), it is possi-
ble that age-related variables (e.g. health, body habitus) may affect
how discrimination and E-selectin are associated over such a large
age range in women; future efforts will examine this possibility
more closely. Men and women in this sample differed in several
ways that could have influenced the link between perceived unfair
treatment and E-selectin. A larger percentage of women were tak-
ing steroid and anti-depressant medication, although additional
analyses showed that medication use was not associated with dif-
ferences in E-selectin (data not shown). Female sex hormones have
also hypothesized to preserve endothelial function, but as men-
tioned above menopausal status was unrelated to E-selectin levels
and thus are unlikely to explain the observed sex differences. Final-
ly, men had higher average BMI and the relationship between BMI
and E-selectin was stronger in men than in women; it is possible
that obesity may accentuate the relationship between discrimina-
tion and E-selectin, even though obesity was not reported as a
principle reason for discrimination.

As noted above, psychosocial stressors have been linked to
endothelial dysfunction (Rozanski et al., 1999; Harris and Mat-
thews, 2004; Das and O’Keefe, 2006), and while subjective experi-
ences of stress were not examined in the current study, future
efforts will examine the extent to which such perceptions are asso-
ciated with both perceived discrimination and adhesion molecule
concentrations. In addition, personality attributes, such as the ten-
dency to view events in a negative light (e.g. neuroticism), have
been linked to increased risk of mortality (Almada et al., 1991;
Mroczek and Spiro, 2007), particularly from cardiovascular disease
(Shipley et al., 2007), and may also increase the likelihood of per-
ceiving unfair treatment (Williams et al., 2003). In the current
analyses, neuroticism was higher in those reporting greater per-
ceived discrimination, but it was not associated with E-selectin
nor did it mediate or moderate the link between discrimination
and E-selectin. These results suggest that the biological signatures
of unfair treatment may be independent of the tendency to view
the world negatively.

Another way in which the current results differ from prior
examinations of discrimination and health is that the MIDUS bio-
marker sample was almost exclusively Caucasian; only 7% of the
sample was non-white. The demographic composition of the sam-
ple makes it impossible to extend these results to minority popu-
lations or to determine the extent to which racism is unique in
its biological signature compared to unfair treatment in general;
we intend to pursue these issues in future research using data from
an oversample of African Americans in the MIDUS study. As the
biomarker sample was also slightly more educated than the full
MIDUS sample (23.5% with post-secondary education vs. 17.4%
for the full sample), these results may also not extend to those with
lower socioeconomic standing. Nonetheless, high proportions of
both men and women reported experiences of unfair treatment.
This result underscores the value of measuring exposure to dis-
crimination independently of perceived reasons for discrimination.
Conflating discrimination and racism, for example, may have
masked the association of unfair treatment broadly construed
and E-selectin levels. These results also highlight the importance
of broadening the consideration of the health impacts of unfair
treatment to include populations that are not typically considered
stigmatized (e.g. women, obese individuals, the aged). Perceptions
of unfair treatment, even among members of privileged racial or
ethnic groups, may have significant health consequences. Interest-
ingly, men in the current study cited race/ethnicity as the reason
for discriminatory treatment more than 30% of the time, and the
most common form of discrimination reported was not being
hired. These responses may constitute perceptions of ‘‘reverse dis-
crimination” whereby Caucasian men take a negative view of social
policies designed to address racial inequities (Fraser and Kick,
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2000) and may feel personally disadvantaged by such policies or
practices.

In spite of these limitations, however, the present results shed
light on a novel mechanism that may link exposure to unfair treat-
ment with adverse health outcomes and also underscore the
importance of examining the health consequences of unfair treat-
ment in general.
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