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Bdegl’OUhd Hostility is associated with increased cardiovascular disease mortality and morbidity and may be related
to subclinical atherosclerosis; less is known about this association among women and minority groups.

Methods We examined the association between hostility and intimal-medial thickening (IMT) as well as presence/
absence of plaque in the carotid arteries in middle-aged white and African American women. Hostility was measured by a

13-item questionnaire and IMT and plaque were assessed by B-mode ultrasonography in 589 participants from the Chicago
and Pittsburgh sites of the SWAN.

Results In age- and site-adjusted models, each 1-point increment in hostility score predicted a significant 0.0057-mm
higher mean IMT (P <.0001) and 0.008 1-mm higher maximum IMT ( P <.0001)—effects that were identical in magnitude to
each 1-year increment in age. Adjustments for race, education, body mass index, resting systolic blood pressure, and
smoking diminished these associations, but they remained significant (P <.01). With hostility scores modeled in approximate
tertiles, high scorers (>6) had greater mean (P = .0005) and maximum (P = .0004) IMT than low scorers (O or 1); moderate
and low scorers did not differ (age-adjusted mean values for low, moderate, and high scorers were 0.657, 0.662, and
0.694 mm, respectively, for mean IMT; those for low, moderate, and high scorers were 0.855, 0.860, and 0.906 mm,
respectively, for maximum IMT). Hostility was unrelated to presence of plaque and did not interact with race, education,
smoking, and body mass index.

Conclusions Hostility is related to small but significantly greater subclinical atherosclerosis in middle-aged women; this

association is not explained by traditional risk factors. (Am Heart J 2006;152:982.e7-e13.)

Historical anecdotes and clinical evidence have long
suggested that the experience and expression of
hostility—characterized by a suspicious and mistrustful
attitude and considered to be an enduring trait—have
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important cardiovascular consequences. Empirical sup-
port for this hypothesis has grown in the past 25 years,
although the literature and quality of studies are mixed
(see Reference [1] for a review). A meta-analysis of
45 studies published in 1996 concluded that hostility
was independently related to coronary heart disease and
all-cause mortality.> Most studies published in the
intervening 10 years have been positive, linking hostility
to increased risk for hypertension and cardiovascular
disease (CVD) morbidity and mortality.s'6

Research suggests that hostility may be related to
subclinical markers of CVD. Among middle-aged Finnish
men, high hostility scores were associated with greater
2-year progression of carotid atherosclerosis.” High levels
of hostility, anger-in, and trait anger were related to
severity and extent of carotid atherosclerosis 10 years
later in healthy postmenopausal women.® In the National
Heart, Lung, and Blood Institute Family Heart Study, high
hostility was associated with increased odds of carotid
lesions among women with high familial risk for coronary
heart disease.” Hostile persons had greater odds of
coronary calcification among a subsample of CARDIA
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Study participants,'® although power was limited to
examine associations by sex and race. In a sample of
untreated hypertensive men, anger-related personality
traits were associated with greater carotid artery athero-
sclerosis.'! In contrast, hostility was not associated with
coronary calcification in a study on active-duty army
personnel.'? Nonetheless, because most studies on
hostility and subclinical CVD have included predomi-
nantly white samples and several have included only male
subjects, much remains to be learned about these
associations in minority populations and among women.'

We examined the relationship between hostility and
carotid artery atherosclerosis in a biracial sample of
middle-aged women, hypothesizing that women
reporting greater hostility would have greater carotid
atherosclerosis than their less-hostile counterparts.
Research suggests that certain groups (eg, members of
ethnic minority groups or those of lower socioeconomic
status) may be more susceptible to the adverse effects
of psychosocial factors on CVD risk as a result of greater
exposure to stress or other environmental factors. 1314
Other work indicates that psychosocial risk factors may
interact with established CVD risk factors or exacerbate
risk in populations with prevalent CVD symptoms or
conditions.'>'® Thus, we also examined whether the
effect of hostility on carotid artery atherosclerosis varied
by race, education, smoking status, and body mass
index (BMD).

Methods

Study population

The sample included 589 women (63.8% whites and 36.2%
African Americans) from the Chicago and Pittsburgh sites of the
SWAN who participated in an ancillary study examining the
natural history of subclinical atherosclerosis as women transi-
tion through menopause (SWAN Heart Study). The SWAN, an
ongoing community-based longitudinal study on menopausal
transition conducted at 7 clinical sites (Chicago, IL; Pittsburgh,
PA; Boston, MA; Detroit, MI; Newark, NJ; Oakland, CA; and Los
Angeles, CA), enrolled 3302 women in 1996-1997, with annual
examinations ongoing. Eligibility criteria were being between
42 and 52 years old, having an intact uterus, having at least one
ovary, having reported menstrual bleeding and no use of
reproductive hormones that affect ovarian or pituitary function
within the past 3 months, not being currently pregnant or
breast-feeding, and self-identifying as part of 1 of 5 prespecified
racial/ethnic groups depending on site: non-Hispanic white
(all sites); African American (Chicago, Pittsburgh, Boston, and
Detroit); Hispanic (Newark); Chinese or Chinese-American
(Oakland); and Japanese or Japanese-American (Los Angeles).
Recruitment and study design details have been reported.'”

‘Women enrolled into the SWAN Heart Study from 2001 to
2003, coincident with their 4th or 5th annual SWAN visit for
93.8% of participants; the rest of the subjects completed their
first SWAN Heart Study visit coincident with their 6th or 7th
annual SWAN visit. Women were eligible for the SWAN Heart
Study if they had at least one ovary, had no evidence of clinical
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atherosclerosis (myocardial infarction, angina, intermittent
claudication, cerebral ischemia, or revascularization), and did
not currently use hormones or medications for hypertension,
diabetes, or arrhythmias. The SWAN Heart Study enrolled
608 women (382 whites and 226 African Americans); 19
women had missing hostility data and were excluded from all
analyses. This report is from the first (baseline) assessment of
the SWAN Heart Study; the research protocol was approved by
the institutional review boards of both sites and all women
provided written informed consent.

Procedures

All participants completed a standard protocol upon entry
into the parent SWAN study (1996-1997) and annually
thereafter, including self- and interviewer-administered ques-
tionnaires, laboratory measures based on fasting blood and
urine specimens, anthropometric measures, and blood pres-
sure readings. Questionnaires assessed socioeconomic factors,
medical history, medication use, psychosocial and lifestyle
characteristics, behaviors, menstrual status, symptoms, quality
of life, and sexual functioning. Laboratory measures assessed
reproductive hormones, glucose and insulin levels, clotting
factors, and lipid and lipoprotein profiles. Full details of the
SWAN protocol are provided elsewhere.'” Data collected as
part of the annual SWAN assessment coincident with recruit-
ment to the SWAN Heart Study provided information on the
covariates of interest for the present analyses.

Measurement of hostility

Hostility was assessed only at the baseline SWAN visit
@in 1996-1997) using 13 items derived from the Cook-Medley
Hostility Scale,'® which measures cynical attitudes and hostile
feelings and behaviors rather than overt expressions of anger
and aggression. Prior research characterized this 13-item subset
as a measure of cynicism and found that high scores were
associated with greater CVD morbidity and mortality.'*>° All
items have a true/false response format, with 1 point assigned
for each “true” response. A summary score is created by
summing across the 13 items; higher scores indicate greater
hostility (range 0-13). Cronbach’s « for the 13-item scale was
.79, indicating good internal consistency. Hostility was
assessed only once in the SWAN because this personality trait
has been found to be relatively stable in both middle and later
life*"**; for example, the test-retest reliability of the Cook-
Medley Hostility Scale was 0.88 over 3 years in a sample of
postmenopausal women.

B-mode ultrasonography of the carotid arteries
Intimal-medial thickening (IMT) of the right and left carotid
arteries was assessed by B-mode ultrasound using a Hewlett
Packard (Hewlett Packard, Andover, MA) 5500 scanner for the
Chicago site and a Toshiba (Toshiba American Medical Systems,
Tustin, CA) SSA-270A scanner for the Pittsburgh site. These
scanners produce images of comparable quality. B-mode
images were obtained from 8 locations — 4 locations each from
the left and right carotid arteries: the near and far walls of the
distal common carotid artery (1 cm proximal to the carotid
bulb), the far walls of the carotid bulb (the point in which the
near and far walls of the common carotid are no longer parallel,
extending to the flow divider), and the internal carotid artery
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Table I. Baseline characteristics of the participants
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All participants (N = 589) Whites (n = 376) African Americans (n = 213) P

Age [y, mean (SD)] 50.3 (2.8) 50.3 (2.9) 50.3 (2.8) NS
Hostility [mean (SD)] 3.57 (2.9) 2.84 (2.4) 4.85 (3.1) <.0001

Low (%) 29.5 35.9 18.3

Moderate (%) 46.0 48.9 40.85

High (%) 24.5 15.2 40.85
Education (%)

High school or less 15.3 14.9 16.0 <.02

Some college 32.1 27.9 39.4

College degree 21.2 22.6 18.8

Graduate school 31.4 34.6 25.8
BMI [kg/mz, mean (SD)] 29.2 (6.3) 28.2 (5.8) 31.1(6.7) <.0001
SBP [mm Hg, mean (SD)] 119.6 (16.7) 115.4 (14.4) 127.0(18.0) <.0001
Smokers (%) 15.3 14.6 16.4 NS
IMT [mm, mean (SD)]*

Mean 0.668 (0.10) 0.656 (0.09) 0.689 (0.10) <.0001

Maximum 0.870 (0.13) 0.854 (0.12) 0.896 (0.13) .0002
Plaque prevalence (%)t 15.0 14.9 15.3 NS

P values are from t tests or ;2 tests comparing whites and African Americans. NS, Nonsignificant.

*The number for both mean and maximum IMT was 576.
The number for plaque prevalence was 582.

(from the flow divider to 1 cm distal to this point). Intimal-
medial thickening measures were obtained by electronically
tracing the lumen-intima interface and the media-adventitia
interface across a 1-cm segment; one measurement was
generated for each pixel over the area, for a total of
approximately 140 measures for each segment. The average,
standard deviation, minimum, and maximum values for these
measures were recorded for all 8 locations. For analyses, the
mean value of the average readings and that of the maximum
readings at all 8 locations were used. Presence and extent of
plaque also were evaluated in each segment and summarized
as the presence or absence of any plaque in either the right
or the left carotid artery. Readers were recertified annually
against the same set of scans to guard against reader drift. All
readings were conducted at the Ultrasound Research Labora-
tory of the Department of Epidemiology at the University of
Pittsburgh under the direction of Dr Sutton-Tyrrell. Reproduc-
ibility of IMT measures was excellent. Replicate readings were
performed on 20 scans, with an intraclass correlation of 0.98 for
IMT values. Prior work at the Ultrasound Research Laboratory
documented highly reproducible measures of plaque, with
intraclass correlations ranging from 0.86 to 0.93.242 Nearly all
(95%) participants completed the carotid ultrasound assess-
ments within 5 months (average 7 weeks) of their annual
SWAN assessment.

Measurement of covariates

Age was selfreported and modeled continuously. Women
self-identified themselves as African American or white
(referent). Education was modeled categorically (high school
or less, some college, college degree, or graduate school
[referent]). Systolic blood pressure (SBP), the average of
2 manual readings obtained after a 5-minute rest in a seated
position, was modeled continuously. Body mass index,
calculated as weight in kilograms divided by height in

meters squared, was modeled continuously. Weight and
height were measured to the nearest 0.01 kg and 0.01 cm,
respectively, using standard protocols and equipment. Cur-
rent smoking status was a binary variable, with nonsmokers
as the referent.

Data analyses

We characterized our sample on age, hostility scores,
education, BMI, SBP, smoking status, mean and maximum IMT,
and prevalence of plaque with descriptive statistics and used
¢ tests and y? tests to compare whites and African Americans
on these characteristics. Linear regression models estimated
the associations between hostility and mean as well as
maximum IMT. Logistic regression models evaluated the
association between hostility and presence of plaque. Hostility
was modeled continuously and categorically in approximate
tertiles. Initial models were age adjusted; additional models
included covariates for age, race, and education (model 2) as
well as BMI, SBP, and smoking status (model 3). All models
included study site as a covariate. Analyses were conducted in
PC-SAS (version 8.2, SAS Institute, Cary, NC) using a GLM,
LOGISTIC, UNIVARIATE, or FREQ procedure. Because of
missing or invalid data on the outcomes, the numbers for
analyses of mean and maximum IMT (n = 557) and plaque
(n = 560) varied slightly.

Results
Participant characteristics

Table I shows the participants’ characteristics, mea-
sured at the SWAN Heart Study baseline (hostility scores
were assessed at the parent SWAN baseline), for all
women and separately by race. Women were approxi-
mately 50 years old; most were well educated; 15%
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Table Il. Cynical hostility and mean as well as maximum carotid artery IMT: SWAN Heart Study

Model 1* Model 2} Model 3;
Estimate SE f P Estimate SE t P Estimate SE t P
Mean IMT
Cynical hostility 0.0057 0.001 4.26 <.0001 0.0038 0.001 270 .007 0.0033 0.001 2.46 014
Age 0.0057 0.001 4.25 <.0001 0.0057 0.001 4.24 <.0001 0.0041  0.001 3.12 .002
African American 0.0307 0.008 3.64 .0003 0.0145 0.008 1.75 .081
White Referent Referent
Education
High school or less 0.0142 0.012 1.18 .24 0.0140 0.012 120 .23
Some college 0.0068 0.009 0.72 A7 —0.0008 0.009 -0.09 .93
College degree 0.0028 0.011 0.26 79 0.0021 0.01 0.21 .83
Graduate school Referent Referent
BMI 0.0029 0.0006 4.65 <.0001
SBP 0.0010 0.0002 4.11  <.0001
Current smoker -0.0147 0.01 —1.45 .15
Nonsmoker Referent
Maximum IMT
Cynical hostility 0.0081 0.002 4.40 <.0001 0.0061 0.002 3.13 .002 0.0054 0.002 2.91 .004
Age 0.0080 0.002 4.38 <.0001 0.0080 0.002 4.34 <.0001 0.0061 0.002 3.37 .0008
African American 0.0318 0.012 274 .006 0.0116 0.011 1.00 .32
White Referent Referent
Education
High school or less 0.0220 0.017 132 .19 0.0207 0.016 128 .20
Some college 0.0056 0.013 0.43 .67 —-0.0045 0.013 -035 .72
College degree 0.0039 0.015 0.26 79 0.0029 0.014 0.20 .84
Graduate school Referent Referent
BMI 0.00392 0.0009 4.43 <.0001
SBP 0.0012 0.0003 3.52 .0005
Current smoker -0.0111  0.014 -0.78 43
Nonsmoker Referent

Results are from linear regression models, with hostility scores modeled continuously; all models also included a covariate for site.

*For mean IMT, R? = 0.11; for maximum IMT, R? = 0.07.
For mean IMT, R? = 0.14; for maximum IMT, R? = 0.09.
For mean IMT, R? = 0.22; for maximum IMT, R? = 0.17.

currently smoked; their average SBP was 119 mm Hg;
and they tended to be overweight, with a mean BMI
>29 kg/mz. Compared with whites, African Americans
were less educated (P < .02) and had significantly higher
hostility scores and BMI, resting SBP, as well as mean
and maximum IMT values (all P < .0001).

Associations between hostility and IMT

Table II shows findings from 3 sets of linear regression
models assessing the relation between hostility and
mean as well as maximum IMT. In age- and site-adjusted
models, each 1-point increment in hostility score
predicted a significant 0.0057-mm higher mean IMT and
0.0081-mm higher maximum IMT. For both IMT out-
comes, the effect of hostility was identical in magnitude
to each l-year increment in age (see columns under
“Model 17). With race and education included as
covariates (“Model 27), the effect of hostility decreased
but remained significant for mean and maximum IMT.
Similar results were noted with further adjustments for

BMI, SBP, and current smoking status (“Model 3”). Age
remained a significant covariate in all models. Race,
although significant in model 2, became nonsignificant
in model 3 after adjustments were made for BMI, SBP,
and smoking as a result of the highly significant effects of
BMI and SBP on the IMT outcomes.

With hostility scores modeled categorically in ap-
proximate tertiles in which the bottom and top
categories represented a 2-SD difference in hostility
scores, women with a hostility score >6 (black bars in
Figure 1) had significantly greater mean (P = .0005)
and maximum (P = .0004) IMT than women in the
bottom third of the distribution (ie, a hostility score of
1 or 0) (white bars in Figure 1). Women with hostility
scores in the middle range of 2 to 5 (hatched bars in
Figure 1) did not differ from those with low hostility
scores. Average age- and site-adjusted IMT values for
low, middle, and high scorers, respectively, were
0.657, 0.662, and 0.694 mm for mean IMT and 0.855,
0.860, and 0.906 mm for maximum IMT. Additional
adjustments for race, education, BMI, SBP, and
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Figure 1
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Mean and maximum IMT by approximate tertiles of cynical hostility
scores. White bars represent women with low hostility scores (0-1);
hatched bars, women with moderate hostility scores (2-5); black
bars, women with high hostility scores (>6).

smoking status did little to diminish the associations
(data not shown).

Associations between hostility and plaque

Hostility scores were not related to presence of
plaque (OR 1.02, 95% CI 0.94-1.10) in an age- and site-
adjusted logistic regression model. However, only 15%
of our sample had measurable plaque in their carotid
arteries (Table II), limiting our ability to adequately test
this hypothesis.

Do associations vary as a function of race, education,
smoking status, or BMI2

We observed no significant interaction between
hostility scores (modeled continuously) and race, edu-
cation, smoking status, and BMI for either the mean or
the maximum IMT (all P > .4). Similarly, hostility did not
interact with race, education, smoking, and BMI with
presence of plaque as the outcome (all P > .2).

Discussion

This study supports the hypothesis that higher levels
of hostility are associated with greater carotid IMT in
middle-aged women. Associations were consistent for
mean and maximum IMT and remained significant in
multivariable models. Effect sizes for hostility were small
but similar in magnitude to effect sizes observed for age
and BMI (Table II), both of which were highly significant
covariates. Several studies have shown that carotid
artery IMT independently predicts incident CVD and
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stroke,Z("28 with small and incremental differences in

IMT associated with increased risk for coronary events.*
African American women had higher mean hostility
scores and higher (unadjusted) mean levels of IMT than
white women in our sample. The association between
hostility and IMT did not differ by race, suggesting that
hostility likely plays a similar role in the atherosclerotic
disease process for African American and white women.
However, this conclusion must be tempered by the fact

that almost no published study has had an adequate
sample size or enough power to reliably assess the
effects of hostility on subclinical CVD by race or by sex;
thus, our findings need to be replicated.

We did not observe an interaction between hostility
and education level, BMI, and smoking status in predict-
ing IMT or plaque. Less education, overweight and
obesity, and cigarette smoking confer increased cardio-
vascular risk’’; prior research has found that each of
these factors is related to higher hostility levels.>">Z Also,
the effects of psychosocial factors—including hostility—
on CVD risk may be stronger in populations deemed
vulnerable because of their greater exposure to stress or
other environmental factors"'>'* or those at risk
because of the presence of established coronary risk
factors.'>1° Therefore, we reasoned that IMT levels
would be greater among women with at least one CVD
risk factor and who reported higher hostility scores. Our
data did not support this. As noted, the effects of hostility
on IMT are comparable in magnitude with the effects of
age and BMI. Perhaps, somewhat surprisingly, race,
education, and smoking status were weak or nonsignif-
icant correlates of IMT in our adjusted models. This
pattern of findings suggests that hostility has a consistent
independent effect on subclinical CVD even among
relatively healthy middle-aged women—effects that are
stronger than some traditional risk factors.

The extent of subclinical atherosclerosis in our sample
likely is limited by the relatively young age of the
participants. Perhaps larger effect sizes and interactions
between hostility and CVD risk factors would be
observed in older samples with more diseases. The
average mean IMT in our sample is lower than that
reported in a study on primarily middle-aged white
women using a similar IMT assessment protocol (0.668
vs 0.76 mm),® although participants in that study were,
on average, 7 years older than our participants. Preva-
lence of any plaque (15%) was somewhat lower in this
study than as previously reported from other studies on
middle-age women’>** and may have contributed to our
finding of a lack of association between hostility and
plaque. However, plaque prevalence was related to
history of recurrent depression in the participants from
the Pittsburgh SWAN site in previous analyses.*”

What mechanisms may mediate the influence of
hostility on subclinical CVD? Higher levels of hostility are
related to poor health behaviors, socioeconomic disad-
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vantage, greater stress, lower social support, higher
levels of blood pressure, poor lipid profiles, platelet
reactivity, activation of the hypothalamic-pituitary-adre-
nal axis, and greater prevalence of the metabolic
syndrome (MBS)."? 31.32,36.37 g dies have found that the
effects of hostility on CVD are mediated through
behavioral risk factors® or the MBS or its components®®;
others have shown that hostility increases CVD risk
independent of biologic, behavioral, or social factors.”
We found that the effects of hostility were independent
of age, race, education, BMI, blood pressure, and
smoking. We also examined whether prevalence of the
MBS influenced our findings in a subsequent analysis on
70% of our sample for whom we had available data on
prevalence of the MBS (data not shown); 18.4% of the
participants met MBS criteria, ** but the MBS was not
associated with hostility and did not attenuate the
hostility-IMT association. We did not have adequate data
to explore whether individual MBS components or other
biologic factors (eg, clotting factors) mediate the ob-
served associations. Because hostility likely operates
through multiple pathways to influence CVD risk, further
research that more fully explores potential behavioral,
psychosocial, and biologic mechanisms is needed.

This cross-sectional study does not provide data on
atherosclerotic progression; it is important to determine
whether hostility influences rates of progression. Re-
search show that IMT values increase by 0.01 to
0.03 mm per year® and that the rate of progression is
significantly influenced by established coronary risk
factors.*"*? Data from the Kuopio Study show that
psychosocial factors, including hostility, hopelessness,
and stress-induced reactivity, adversely influence IMT
progression in middle-aged white men.”***° It remains
to be seen whether these same factors contribute to
progression of IMT in women.

In summary, the SWAN Heart Study provides evidence
that middle-aged African American and white women
with higher reported levels of hostility have greater
carotid artery IMT, an association that is independent of
important CVD risk factors. Mechanisms underlying the
observed relationships remain to be elucidated, and
further research examining the impact of personality
factors such as hostility on atherosclerotic progression
is warranted.

9
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