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Objective: To determine whether anger-related personality traits are associated with carotid artery atherosclerosis in untreated
hypertensive patients. Methods: Study participants were 237 men with elevated blood pressure (systolic 140—-180 mm Hg and/or
diastolic 90—110 mm Hg) but untreated for hypertension. Average age was 56 years; 80% of subjects were white. Eighty-six percent
had no history of antihypertensive treatment, and the remainder reported median lifetime treatment exposure of 4 months. Subjects
were administered the Spielberger State-Trait Anger Expression Inventory, which measures tendencies to experience anger (Trait
Anger) and modes of anger expression (Anger-In, Anger-Out, Anger-Control). Mean and maximum intima-medial thickness (IMT)
and plaque occurrence in the extracranial carotid arteries were measured by B-mode ultrasonography. Results: Trait Anger was
marginally (p = .065) related to mean and significantly (p < .05) related to maximum IMT, independent of standard risk factors
(age, race, body mass index, education, smoking, fasting glucose, total:high-density lipoprotein cholesterol ratio). A component of
Trait Anger, Angry Temperament, similarly predicted mean (p = .062) and maximum IMT (p < .05) and plaque occurrence (p <
.05). Anger-Out predicted both mean and maximum IMT (p values <.01). Conclusions: An antagonistic disposition (Trait Anger),
particularly a tendency to experience anger on minimal provocation (Angry Temperament) and a propensity to express anger
outwardly (Anger-Out), are associated with heightened carotid atherosclerosis. These findings suggest that recently reported
prospective associations between these anger dimensions and incident cerebrovascular disease may be mediated, in part, by

increased atherosclerotic disease. Key words: hypertension, carotid artery atherosclerosis, stroke, anger.

ARIC = Atherosclerosis Risk in Communities; HDL = high-density
lipoprotein; IMT = intima-medial thickening; REACT = Univer-
sity of Pittsburgh Reactivity and Cardiovascular Risk Trial; BP =
blood pressure; SBP = systolic blood pressure; DBP = diastolic
blood pressure; BMI = body mass index.

INTRODUCTION

propensity to experience anger and differences in peo-

ple’s characteristic expression of angry feelings have
been shown to increase risk for coronary heart disease, inde-
pendent of traditional sociodemographic and biological risk
factors (1-9). Although occasional clinical studies before
1975 suggest that difficulties in dealing with anger are com-
mon among patients who have experienced stroke and may
precede clinical events (10—12), it is only recently that anger-
related traits have been examined as potential predictors of
cerebrovascular events in prospective epidemiologic investi-
gation. Three such studies have now been reported, all of
which assessed aspects of anger using components of a com-
mon set of psychometric instruments (termed the Spielberger
Trait Anger and State-Trait Anger Expression Inventories;
13). The Spielberger scales measure several features of anger:
a) anger as a personality trait (reflecting a person’s habitual
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tendency to experience anger, either on minimal provocation
or when demeaned, criticized, or treated unfairly); b) anger-
out, or the frequency with which anger, when experienced, is
expressed as aggression toward people or objects, either ver-
bally or by physical assault; c) anger-in, the tendency to
inhibit angry feelings; and d) anger-control, defined as the
active management of angry feelings in an effort to avoid the
expression of irritation or aggression. Using only the latter
three scales, Everson et al. (14) reported that middle-aged men
participating in the Kuopio Ischemic Heart Disease Study who
obtained high scores on the Spielberger anger-out scale had a
2-fold increased risk of stroke over an average follow-up of 8§
years, compared with subjects less prone to express their anger
outwardly. This association was significant after multivariate
adjustment for common cardiovascular risk factors but was
limited to men having a history of ischemic heart disease. The
remaining anger expression scales (anger-in and anger-con-
trol) did not predict risk for stroke in this sample.

In contrast, Eng et al. (15) reported recently that in a large
cohort of male health professionals (5085 years old) without
history of clinically manifest coronary heart disease, subjects
attaining high scores on the Spielberger anger-out scale were
only half as likely to experience stroke over a 2-year period
(adjusted for other risk factors) relative to men with low
anger-out scores. Other dimensions of anger and anger ex-
pression were not examined here, and the authors note that
their cohort was somewhat atypical because of subjects’ ad-
vanced age, high socioeconomic status, and low average an-
ger-out scores in comparison with other samples of older
males. Finally, Williams et al. (16) reported that among men
and women younger than 60 years in the Atherosclerosis Risk
in Communities (ARIC) study, people who reported high
levels of trait anger had nearly 3 times the risk of stroke
(ischemic and hemorrhagic combined) on 6-year follow-up as
people with lower scores on the Spielberger trait anger scale.
Risk for ischemic stroke was also elevated among high trait-
anger subjects, with favorable high-density lipoprotein (HDL)
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cholesterol concentrations (>47 mg/dl). These findings per-
sisted after adjustment for standard risk factors. Unlike the
previously cited studies, components of anger expression were
not assessed.

Whatever anger components might be related to risk for
cerebrovascular disease, any such association may conceiv-
ably reflect effects of anger and its expressive components on
the precipitation of clinical events (triggering), predisposing
vascular disease (atherosclerosis), or both (16). With respect
to atherosclerosis, there is some evidence that anger promotes
atherogenesis, as assessed by ultrasound evaluation of carotid
artery intima-medial thickening (IMT) and focal plaque in
nonpatient samples. For instance, Julkunen et al. (17) reported
that high scores on the Spielberger anger-control dimension
predicted a greater 2-year progression of carotid artery disease
among middle-aged men. A more general anger measure
compiled from the Cornell Medical Index was associated with
atherosclerotic plaque in the carotid arteries of a relatively
small sample of men and women (N = 34), of whom eight had
a history of ischemia and the remainder at least one of four
risk factors for coronary disease (hypertension, hypercholes-
terolemia, diabetes, smoking; 18). Finally, in a sample of 200
postmenopausal women, Matthews et al. (19) found trait anger
and anger-in on the Spielberger scale to predict carotid artery
IMT (and in the case of anger-in, plaque occurrence) in
measurements obtained 10 years after behavioral assessment,
although trait anger did not remain a significant predictor of
IMT after multivariate adjustment for covariates. It may also
be noted that, unlike in the report by Matthews et al. (19),
anger-in was not associated with carotid atherosclerosis in the
study by Julkunen et al. (17).

Altogether, these findings present a somewhat confusing
picture. In one study, anger-control, but not anger-in, pre-
dicted the progression of carotid artery disease among men
(17), and in a second, anger-in was associated with carotid
IMT in women, but trait anger was not (19). Moreover, neither
anger-in nor anger-control has been found to predict the
occurrence of stroke in prospective investigation, and anger-
out, which was associated with risk of stroke (albeit differ-
ently) in the studies of Everson et al. (14) and Eng et al. (15),
has not been evaluated in relation to carotid artery atheroscle-
rosis. In the present study, we further examine associations
between the dispositional components of anger and measures
of both IMT and plaque occurrence, as documented by carotid
ultrasonography in a sample of 237 untreated hypertensive
men. In contrast with previous studies, all dimensions of trait
anger and anger expression assessed by the Spielberger Trait
Anger and State-Trait Anger Expression Inventories were
evaluated here as potential correlates of carotid artery athero-
sclerosis.

METHODS
Participants

Subjects were participants enrolled in the University of Pittsburgh Reac-
tivity and Cardiovascular Risk Trial (REACT), a study of behaviorally-
evoked cardiovascular reactivity as a potential correlate of preclinical athero-
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sclerotic disease in untreated hypertensive men. Participants were recruited
from the communities of southwestern Pennsylvania (principally Allegheny
County) via mass-mail solicitation. Subjects were 40 to 70 years of age, and
their hypertensive status was confirmed on two screening sessions, at each of
which the average of two resting blood pressure measurements, assessed
manually by mercury sphygmomanometer, were between 140 and 180 mm
Hg systolic BP (SBP) and/or 90 and 110 mm Hg diastolic BP (DBP). Of 251
REACT hypertensives, 237 subjects with complete psychometric and carotid
ultrasound data were included in the present analyses. No participant had
taken antihypertensive medication within the previous 2 months; also, none
had received antihypertensive therapy for >1 year in the 5 years preceding
enrollment and for >2 years ever. Two hundred four participants (87%) had
no history of antihypertensive treatment, and of the remainder, median life-
time exposure to treatment was 4 months. Other exclusion criteria included
secondary hypertension; cerebrovascular accident or stroke; insulin treatment
for diabetes or diabetic neuropathy; fasting serum glucose >200 mg/dl;
obesity; cancer; serum creatinine >2 mg/dl; hepatitis or cirrhosis; known
coronary artery disease; myocardial infarction or angioplasty in the past 12
months; angina pectoris; congestive heart failure; valvular heart disease; atrial
fibrillation; pulmonary disease; alcoholism; psychiatric disorder or current
use of psychotropic medication; and coronary bypass, carotid, or peripheral
vascular surgery. The study protocol was approved by the University of
Pittsburgh Biomedical Institutional Review Board, and informed, written
consent was obtained from all study participants.

Carotid Atherosclerosis

Participants underwent B-mode ultrasonography at the Department of
Epidemiology ultrasound research laboratory at the University of Pittsburgh
to assess mean and maximum carotid intima-medial thickness (IMT) and
carotid plaque occurrence. A Toshiba SSA-270 scanner (Tobisha, Nasu,
Japan) equipped with a 5-MHz linear array imaging probe was used by trained
sonographers to image the right and left common carotid artery, carotid
bifurcation, and the first centimeter of the internal carotid artery. Mean and
maximum IMT were derived from digitized images of the lumen-intima and
media-adventitia interface across each carotid segment and were averaged
across the near and far walls of the right and left distal common carotid artery
(1 cm proximal to the carotid bulb), the far wall of the carotid bulb (starting
at the point at which the near and far walls of the common carotid artery are
no longer parallel and ending at the flow divider), and the far wall of the
internal carotid artery (from the flow divider to the first centimeter distal to
this point). Because distributions of average and maximum IMT values were
positively skewed, reciprocal transformations were performed to normalize
these data before statistical analysis.

Plaque was defined as a delimited or focal area with IMT exceeding
adjacent areas by more than 50% and scored for occurrence at artery location
according to the following criteria: 0 = no plaque, 1 = one plaque less than
30% of vessel diameter (small plaque), 2 = one plaque 30% to 50% of the
vessel diameter (medium plaque) or multiple small plaques, and 3 = one
plaque greater than 50% of the vessel diameter (large plaque) or multiple
plaques with at least one medium plaque. These values were summed across
the right and left carotid arteries to produce an overall plaque score. The
resulting values ranged from 0 to 12, with a marked positive skew; because
51.5% of the participants had plaque scores <2, values were dichotomized
(0—1 vs. =2 plaques) for statistical analysis.

Cardiovascular Risk Factors

Standard cardiovascular risk factors were assessed, including age (in
years), body mass index (BMI), education (years of schooling), race (1 =
white; 2 = African American), smoking status (1 = never smoked; 2 = past
or current smoker), fasting glucose, and the ratio of total cholesterol to HDL
cholesterol. BMI was calculated as weight (kg)/height (m?), and smoking
status was determined by self-report (dichotomized as having ever smoked vs.
never smoked). Fasting serum glucose was assayed by standard colorimetry,
and determinations of serum total cholesterol and HDL were performed by the
Heinz Nutrition Laboratory, Department of Epidemiology, University of
Pittsburgh Graduate School of Public Health, which has met the criteria of the
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Centers for Disease Control—National Heart, Lung, and Blood Institute Lipid
Standardization Program since 1982.

Trait Anger and Anger Expression

The 34-item State-Trait Anger Expression Inventory (13) was adminis-
tered to assess dispositional (trait) anger and habitual modes of anger expres-
sion (Anger-Out, Anger-In, and Anger-Control). Trait anger scores may also
be decomposed into two component subscales, termed Angry Temperament
and Angry Reaction. Angry Temperament reflects quick-temperedness, or the
tendency to experience anger on minimal provocation, whereas Angry Reac-
tion denotes the tendency to become angered in response to criticism or
mistreatment by others. On a 4-point scale, participants rated the intensity or
frequency with which they experience and express anger (1 = never; 2 =
sometimes; 3 = often; and 4 = almost always). Responses were summed to
yield a score for each anger dimension. Reliabilities of the several trait anger
and anger expression scales were all satisfactory, with « coefficients of 0.70
to 0.89 across multiple samples (13). As reported in Table 1, bivariate
correlations between anger dimensions were all significant (» = 0.28—0.81),
with the exception of Anger-In found unrelated to Anger-Out (p = .819), as
has been observed previously (13), and Angry Temperament and Anger
Control.

Data Analysis

Multiple regression analyses were performed to assess the relationship of
each anger variable (Trait Anger [Angry Temperament and Angry Reaction
subscales], Anger-Out, Anger-In, Anger-Control) to carotid atherosclerosis.
Dependent variables included mean and maximum IMT (reciprocally trans-
formed) and the dichotomized plaque score. Linear multiple regression was
used for analyses involving mean and maximum IMT, logistic multiple
regression when predicting plaque occurrence. The following demographic
and cardiovascular risk factors were entered simultaneously on the first step
of each regression equation: age (in years), race (I = white; 2 = African
American), education (years in school), smoking status (1 = never; 2 =
past/current), BMI, SBP, and DBP (mean of the two screening assessments),
fasting glucose, and the ratio of total cholesterol to HDL cholesterol. Each
anger variable was entered individually on the second step of separate
regression equations. In linear regression, the proportion of variance in carotid
IMT accounted for by the covariates (R?) was reported on step one, and on
step two, the incremental variance accounted for by each anger variable
(AR?). In logistic regression, odds ratios were calculated to determine the
likelihood of having a plaque score of 2 or greater based on each of the several
dimensions of anger examined here. B Values reflecting the strength of
association between each anger variable and dependent measure were con-
sidered significant at p < .05. In analyses including the reciprocally trans-
formed mean and maximum IMT values, the direction of association was
reversed for presentation of results in the text and in Tables 2 and 3.

RESULTS
Sample Characteristics

Table 3 lists descriptive information and bivariate correla-
tions between cardiovascular risk factors and carotid artery

IMT and plaque score. The average age of the sample was
56 £ 8.9 years, and 20% were African American. The sample
mean for BMI (28.2 £ 3.2) fell within the range for the
overweight classification (25.0-29.9) according to clinical
guidelines for obesity; cholesterol (total: HDL ratio) and glu-
cose values were within the normal range. The majority of the
sample reported current or past smoking (63.3%), and partic-
ipants attended school an average of 14.8 *£ 2.7 years. As
expected, participants showed elevated SBP (148 = 10.9 mm
Hg) and DBP (93 = 7.1 mm Hg). Compared with carotid IMT
values in healthy adults (20,21), average mean (0.91 = 0.16
mm) and maximum (1.19 = 0.24 mm) carotid IMT were
moderately elevated in this hypertensive sample, with 48.5%
of the present sample having focal carotid plaques scored 2 or
greater.

Bivariate Associations Between Cardiovascular Risk
Factors and Carotid Atherosclerosis

As summarized in Table 3, bivariate correlation analyses
showed that increased age, lower educational attainment,
higher glucose levels, higher screening SBP, and lower
screening DBP were associated with greater mean carotid
IMT (all p values <.01). The same cardiovascular risk factors
were also associated with greater maximum IMT (all p values
<.01), with the addition of current or past smoking status (p =
.042). With respect to plaque score, bivariate correlations
showed increased age, higher screening SBP, and lower
screening DBP significantly (all p values <.01), and glucose
levels marginally (p = .052), related to plaque occurrence
(plaque graded =2).

Unique Associations Between Anger and Carotid

Artery Atherosclerosis

In step 1 of all linear multivariate regression analyses, the
covariates (age, race, education, smoking, BMI, total: HDL
ratio, glucose, SBP, DBP), entered on step 1 of each regres-
sion equation accounted for 36.0% and 34.1% of the variance
in mean and maximum IMT, respectively. Among covariates
in the final models of each regression equation, greater age,
higher screening SBP, and lower screening DBP were signif-
icant independent predictors of mean and maximum IMT (all
p values <.05). Lower educational attainment tended also to
be related to greater mean IMT (p value range, .042-.082) and
maximum IMT (p value range, .016-.040). In contrast with

TABLE 1. Bivariate Correlations Between Anger Dimensions (V = 237)
Trait Anger Angry Temperament Angry Reaction Anger-Out Anger-In Anger Control
r r r r r r
Trait Anger — 0.76*** 0.871*** 0.66*** 0.29*** —0.53%**
Angry Temperament — 0.28*** 0.60*** 0.07 —0.48***
Angry Reaction — 0.40*** 0.39*** —0.33%**
Anger-Out — 0.02 —0.55%**
Anger-In — —0.05

Anger Control

*p <05 % p < 015 FFF p < 001,
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TABLE 2. Sample Characteristics and Bivariate Correlations Between Cardiovascular Risk Factors and Carotid Ultrasound Measures

N = 237)"
Characteristic Value Mean IMT® r Maximum IMT® r Plaque® r
Age, y 55.7 (8.9) 0.49*** 0.45%** 0.23***
Race, % white® 79.7% —-0.04 -0.07 —0.01
Education, y 14.8 (2.7) —0.21** —0.20** -0.07
Smoking status, % ever smoke® 63.3% 0.10 0.13* 0.06
BMI, kg/m? 28.2(3.2) 0.04 0.03 -0.09
Total:HDL 4.6 (1.4) 0.08 0.08 —-0.02
Glucose, mg/dL 94.5 (14.5) 0.18** 0.18** 0.13
Screening SBP, mm Hg 148.3 (10.9) 0.33%** 0.37*** 0.22**
Screening DBP, mm Hg 93.1(7.1) —0.36*** —0.35%** —0.20**
Mean IMT, mm 0.91 (.16) — 0.96*** 0.49%**
Max IMT, mm 1.19 (.24) — — 0.56***
Plaque, % =2 48.5% — — —

“ Plaque coded 0 = 0—1 plaques, 1 = =2 plaques; race coded 1 = white, 2 = African American; smoking status coded 0 = never smoked, 1 = ever smoked.

Values in parentheses indicate SDs.

® Because reciprocal transformations were used to normalize IMT values, signs denoting direction of association were reversed.
< Denotes point by serial correlation coefficients. » denotes Pearson correlation coefficients.

*p < 05 % p < 013 ¥ p < 001.

TABLE 3. Multiple Regression Analyses Assessing the Relationship Between Self-Reported Anger and Ultrasound Measures of Carotid Artery

Atherosclerosis (V = 237)“

Linear Regression B p R2P AR?P
DV: Mean IMT*¢
Trait Anger .099 .065 .370 .010
Angry Temperament 101 .062 .370 .010
Angry Reaction .063 .241 .364 .004
Anger-Out 142 .009 379 .019
Anger-In —.022 .687 .361 .000
Anger Control —-.083 130 .367 .006
DV: Maximum IMT¢
Trait Anger 136 .012 .360 .018
Angry Temperament 133 .015 .358 .017
Angry Reaction .080 141 .348 .006
Anger-Out 187 .001 375 .033
Anger-In —.031 .583 .342 .001
Anger Control —.092 .099 .349 .008
Logistic Regression B p Odds Ratio 95% Confidence Interval
DV: Plaque Index
Trait Anger .054 .166 1.055 .978-1.138
Angry Temperament .224 .008 1.251 1.060-1.476
Angry Reaction —.025 .701 975 .859-1.108
Anger-Out .053 .217 1.054 .969-1.147
Anger-In —.034 .366 967 .898-1.041
Anger Control -.023 424 978 .925-1.034

“ Covariates were entered on the first step of each regression equation: age, race, education, smoking, BMI, SBP, DBP, glucose, cholesterol.
® R? and R? change values are reported for the final model of each regression equation.
¢ Because reciprocal transformations were used to normalize IMT values, signs denoting direction of association were reversed.

bivariate associations, smoking was unrelated to maximum
IMT, and glucose was no longer associated with either mean
or maximum IMT.

As summarized in Table 2, linear multiple regression anal-
yses showed that, after covariate adjustment, higher Trait
Anger scores predicted greater mean (8 = 0.099; p = .065)
and maximum IMT (B8 = 0.136; p = .012), accounting for an
additional 1.0% and 1.8% of the variance, respectively. Ex-
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amination of Trait Anger subscales showed Angry Tempera-
ment, but not Angry Reaction (all p values =.05), to also
predict mean (8 = 0.101; p = .062; AR* = 0.010) and
maximum IMT (B8 = 0.133; p = .015; AR?> = 0.017). Among
the anger expression variables, only Anger-Out predicted
mean (B = 0.142; p = .009; AR?> = 0.019) and maximum
IMT (B = 0.187; p = .001; AR? = 0.033). Based on the
untransformed IMT variables, the unstandardized regression
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coefficient (b) shows a 1 SD change (either increase or de-
crease) in Trait Anger score to yield a corresponding change
of 0.017 mm in mean IMT and 0.032 mm in maximum IMT,
after controlling for covariates; similarly, a 1 SD change in
Angry Temperament yields a change of 0.015 mm and 0.028
mm, and in Anger-Out, a change of 0.024 mm and 0.044 mm
in mean and maximum IMT, respectively.

In contrast with bivariate correlations showing age and
screening SBP and DBP related to plaque score, multiple
logistic regression analyses showed only SBP significantly
(»p < .05) and DBP marginally (p < .065) independently
associated with plaque occurrence. Logistic multiple regres-
sion analyses showed Trait Anger to be unrelated to plaque
occurrence (p = .166). Examination of Trait Anger subscales,
however, showed Angry Temperament, but not Angry Reac-
tion, to predict carotid plaque (8 = 0.224; p = .008; OR =
1.25; 95% CI = 1.06—1.48). The odds ratio indicates that for
every l-unit increase in Angry Temperament, the likelihood of
exhibiting higher plaque scores (values 2 or greater) increased
by 25%; alternatively, a 1 SD increase in Angry Temperament
was associated with a 50% increased risk of having plaque
scored 2 or greater. No anger expression variables (Anger-
Out, Anger-In, Anger-Control) were associated significantly
with carotid plaque (all p values =.05).

DISCUSSION

In this study, we found that extracranial carotid artery IMT,
as measured by duplex ultrasonography among untreated hy-
pertensive men, was greatest in people who reported a height-
ened propensity to experience anger (high Trait Anger) or,
when angered, to display such feelings outwardly, as aggres-
sion directed against other persons or objects in the environ-
ment (high Anger-Out). Moreover, the first of these associa-
tions was attributable to just one of the two components of
Trait Anger, namely Angry Temperament, or the tendency to
become angered in the absence of significant provocation.
Focal plaque in the carotid arteries of people who scored high
on the Angry Temperament subscale was also more extensive
than among low-scoring hypertensives. Further, these anger-
related characteristics predicted carotid atherosclerosis after
multivariate adjustment for standard risk factors, including
age, race, education, smoking, BMI, blood pressure, and fast-
ing serum lipids and glucose.

These results parallel findings of two recent prospective
studies of incident cerebrovascular disease. In one, elevated
Trait Anger scores were found to predict the occurrence of
stroke over a period of 6 years in men and women younger
than 60 years (16). In the second study, dimensions of anger
expression (but not Trait Anger) were evaluated (14); there,
men who attained high Anger-Out scores experienced a sim-
ilarly increased risk of stroke over follow-up intervals aver-
aging 8 years. The consistency of association between our
observations and these two large, population-based epidemi-
ologic investigations suggests that anger-related personality
traits may heighten vulnerability to stroke, at least in part, by
an exacerbation of carotid artery atherosclerosis. In this re-
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gard, it is noteworthy that extracranial carotid IMT has been
found associated with the occurrence of atherothrombotic
stroke in both case-control (22-25) and prospective investi-
gations (26—28). Although the relation of IMT to other, less
common categories of stroke (eg, hemorrhagic, cardioem-
bolic) remains uncertain (24,25), carotid ultrasonography also
predicts coronary disease events (29) and mortality (30) and
covaries significantly with coronary artery atherosclerosis as
assessed by cineangiography (31,32). Interestingly, in the
same cohort in which Trait Anger was found to predict inci-
dent stroke (ARIC) (16), Trait Anger likewise predicted clin-
ical manifestations of coronary heart disease (e.g., fatal and
nonfatal coronary events, silent myocardial infarction, and
cardiac revascularization procedures) on average follow-up of
53 months (8). Subsequent analyses showed this association to
be caused specifically, as in our data, by Angry Temperament,
a component of the Trait Anger construct (9). These findings
are also consistent with numerous other studies in social
epidemiology showing dispositional attributes of anger and
hostility to confer increased risk for coronary heart disease
(1-9). Thus, our results may bear on the mediation of behav-
ioral influences on coronary, and cerebrovascular, disease.

Among other studies using carotid ultrasonography,
Julkunen et al. (17) showed variation in Anger-Control to
predict change in IMT over a period of 2 years in middle-aged
men; however, these investigators did not report on the Anger-
Out dimension, which was associated with greater carotid
IMT in our analyses. As in the present study, Matthews et al.
(19) reported that Trait Anger correlated positively with IMT
(albeit not significantly so after multivariate adjustment for
other risk factors). In contrast with our findings, IMT also
covaried significantly with subjects’ tendency to inhibit the
expression of angry feelings (Anger-In). Because the partici-
pant sample studied by Matthews et al. (19) was composed
entirely of women and we evaluated only men, it is possible
that individual differences in anger proneness (Trait Anger)
are associated similarly with atherosclerosis in both males and
females, whereas modes of anger expression may differ in
their atherogenicity as a function of sex. Of course, an ade-
quate test of this hypothesis would require further evaluation
among samples of otherwise comparably selected men and
women.

It is worth reiterating that the anger-related traits associated
with carotid atherosclerosis in this study remained significant
predictors after adjustment for standard cardiovascular disease
risk factors (i.e., age, race, education, smoking, BMI, blood
pressure, and fasting serum lipids and glucose). The mecha-
nisms by which such traits promote arterial changes, therefore,
remain unclear. In this regard, it might be hypothesized that
variation in acute hemodynamic responsivity to stress, which
has been found to covary with anger (e.g., 33,34) and to
predict carotid thickening in previous investigations (e.g.,
35,36), contributed to the anger and atherosclerosis associa-
tions seen here. In a previous REACT publication, we re-
ported that the magnitude of blood pressure response to com-
mon laboratory stressors (e.g., Stroop Color-Word
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interference task) accounted for significant variance in carotid
IMT (35). Although not examined in analyses presented here,
adding indices of blood pressure and heart rate reactivity to
our multivariate models does not alter the predictive signifi-
cance of these anger-related traits for preclinical carotid dis-
ease or provide evidence that they mediate this association.
Nonetheless, dispositional features of anger must promote
atherosclerotic changes in the carotid artery through some
associated biologic process. Other candidate mechanisms
might include alterations in cardiac autonomic control, con-
comitant activation of neuroendocrine responses thought to
potentiate atherogenesis (e.g., in the hypothalamic-pituitary-
adrenal, sympatho-adrenal, or renin-angiotensin systems), or
the neuroimmune modulation of inflammatory processes and
associated endothelial dysfunction (e.g., 37-40).

It should be noted too that anger-related traits may enhance
risk of stroke for reasons other than, or in addition to, a
worsening of atherosclerosis. For instance, hostile people tend
to have other cardiovascular risk factors and may be more
likely to engage in health-impairing behaviors (41,42). Relat-
edly, even if the anger-IMT relationships we observed have
pathophysiologic significance, these associations might not
contribute similarly to cerebrovascular risk in all population
groups. Our findings did not vary by race, for example, yet the
strength of extracranial carotid atherosclerosis as a predictor
of stroke among white people may differ from that in African
American people, in whom intracranial lesions figure more
prominently (43—47). Finally, a potential limitation of the
present study stems from the fact that our participants were a
high-risk sample; all subjects were hypertensive and un-
treated, and hypertension itself is a primary risk factor for
stroke. It is interesting that in the population sample reported
by Everson et al. (14), high Anger-Out scores predicted stroke
incidence similarly in high-risk people (ie, only in men having
a history of ischemic heart disease). In the ARIC study, on the
other hand, high Trait Anger scores predicted stroke primarily
in people with favorable risk profiles (men and women
younger than 60 years and men with high HDL concentra-
tions; 16), and in the same sample, predicted incident coronary
disease only among normotensives (8). These apparent incon-
sistencies suggest that the pathogenicity of anger-related per-
sonality traits warrants further investigation, particularly in
relation to the presence or absence of other risk factors for
heart disease and stroke.

REFERENCES

1. Atchison M, Condon J. Hostility and anger measures in coronary heart
disease. Aust N Z J Psychiatry 1993;27:436—42.

2. Gallacher JEJ, Yarnell JWG, Sweetnam PM, Elwood PC, Stansfeld SA.
Anger and incident heart disease in the Caerphilly Study. Psychosom
Med 1999;61:446-53.

3. Kawachi I, Sparrow D, Spiro A, Vokonas P, Weiss ST. A prospective
study of anger and coronary heart disease: the Normative Aging Study.
Circulation 1996;94:2090-5.

4. Kneip RC, Delamater AM, Ismond T, Milford C, Salvia L, Schwartz D.
Self- and spouse ratings of anger and hostility as predictors of coronary
heart disease. Health Psychol 1993;12:301-7.

5. Mendes de Leon CF. Anger and impatience/irritability in patients of low

638

20.

21.

22.

23.

24.

25.

26.

217.

28.

M. E. BLEIL et al.

socioeconomic status with acute coronary heart disease. J Behav Med
1992;15:273-84.

. Ricci Bitti PE, Gremigni P, Bertolotti G, Zotti AM. Dimensions of anger

and hostility in cardiac patients, hypertensive patients, and controls.
Psychother Psychosom 1995;64:162-72.

. Siegman AW, Townsend ST, Blumenthal RS, Sorkin JD, Civelek AC.

Dimensions of anger and CHD in men and women: self-ratings versus
spouse ratings. J Behav Med 1998;21:315-36.

. Williams JE, Paton CC, Siegler IC, Eigenbrodt ML, Nieto FJ, Tyroler

HA. Anger proneness predicts coronary heart disease risk: prospective
analysis from the Atherosclerosis Risk in Communities (ARIC) Study.
Circulation 2000;101:2034-9.

. Williams JE, Nieto FJ, Sanford CP, Tyroler HA. Effects of an angry

temperament on coronary heart disease risk—the Atherosclerosis Risk in
Communities Study. Am J Epidemiol 2001;154:230-5.

. Adler R, MacRitchie K, Engel GL. Psychologic processes and ischemic

stroke (occlusive cerebrovascular disease). Psychosom Med 1971;33:
1-29.

. Ecker A. Emotional stress before strokes: a preliminary report of 20

cases. Ann Intern Med 1954;40:49-54.

. Gianturco DT, Breslin MS, Heyman A, Gentry WD, Jenkins CD, Kaplan

B. Personality patterns and life stress in ischemic cerebrovascular disease,
I: psychiatric findings. Stroke 1974;5:453—60.

. Spielberger CD. Manual for the State-Trait Anger Expression Inventory

(STAXI). Odessa, FL: Psychological Assessment Resources; 1991.

. Everson SA, Kaplan GA, Goldberg DE, Lakka TA, Sivenius, J, Salonen

JT. Anger expression and incident stroke: prospective evidence from the
Kuopio Ischemic Heart Disease Study. Stroke 1999;30:523-8.

. Eng PM, Fitzmaurice G, Kubzansky LD, Rimm EB, Kawachi I. Anger

expression and risk for stroke and coronary heart disease among male
health professionals. Psychosom Med 2003;65:100—10.

. Williams JE, Nieto FJ, Sanford CP, Couper DJ, Tyroler HA. The asso-

ciation between trait anger and incident stroke risk. the Atherosclerosis
Risk in Communities (ARIC) Study. Stroke 2002;33:13-20.

. Julkunen J, Salonen R, Kaplan GA, Chesney MA, Salonen JT. Hostility

and the progression of carotid atherosclerosis. Psychosom Med 1994;56:
519-25.

. Matsumoto Y, Uyama O, Shimizu S, Michishita H, Mori R, Owada T,

Sugita M. Do anger and aggression affect carotid atherosclerosis? Stroke
1993;24:983-6.

. Matthews KA, Owens JF, Kuller LH, Sutton-Tyrrell K, Jansen-

McWilliams L. Are hostility and anxiety associated with carotid athero-
sclerosis in healthy postmenopausal women? Psychosom Med 1998;60:
633-8.

Salonen JT, Salonen R. Ultrasound B-mode imaging in observational
studies of atherosclerotic progression. Circulation 1993;87(suppl II):1I-
56-065.

Veller MG, Fisher CM, Nicolaides AN. Measurement of ultrasonic inti-
ma-media complex thickness in normal subjects. J Vasc Surg 1993;17:
719-25.

Cupini LM, Pasqualetti P, Diomedi M, Vernieri F, Silvestrini M, Rizzato
B, Ferrante F, Bernardi G. Carotid artery intima-media thickness and
lacunar versus nonlacunar infarcts. Stroke 2002;33:689-94.

Nagai Y, Kitagawa K, Sakaguchi M, Shimizu Y, Hashimoto H,
Yamagami H, Narita M, Ohtsuki T, Hori M, Matsumoto M. Significance
of earlier carotid atherosclerosis for stroke subtypes. Stroke 2001;32:
1780-5.

Nagai Y, Kitagawa K, Yamagami H, Kondo K, Hougaku H, Hori M,
Matsumoto M. Carotid artery intima-media thickness and plaque score
for the risk assessment of stroke subtypes. Ultrasound Med Biol 2002;
28:1239-43.

Touboul PJ, Elbaz A, Koller C, Lucas C, Adrai V, Chedru F, Amarenco
P, the GENIC Investigators. Common carotid artery intima-media thick-
ness and brain infarction: the Etude du Profil Genetique de I’Infarctus
Cerebral (GENIC) case control study. Circulation 2000;102:313—8.
Bots ML, Hoes AW, Koudstaal PJ, Hofman A, Grobbee DE. Common
carotid intima-media thickness and risk of stroke and myocardial
infarction: the Rotterdam Study. Circulation 1997;96:1432-7.
Chambless LE, Folsom AR, Clegg LX, Sharrett AR, Shahar E, Nieto FJ,
Rosamond WD, Evans G. Carotid wall thickness is predictive of incident
clinical stroke: the Atherosclerosis Risk in Communities (ARIC) Study.
Am J Epidemiol 2000;151:478—87.

O’Leary DH, Polak JF, Kronmal RA, Manolio TA, Burke GL, Wolfson
SK, Cardiovascular Health Study Collaborative Research Group. Carotid

Psychosomatic Medicine 66:633-639 (2004)



ANGER AND CAROTID ARTERY ATHEROSCLEROSIS

29.

30.

31.

32.

33.

34.

35.

36.

37.

artery intima and media thickness as a risk factor for myocardial infarc-
tion and stroke in older adults. N Engl J Med 1999;340:14-22.
Chambless LE, Heiss G, Folsom AR, Rosamond W, Szklo M, Sharrett
AR, Clegg LX. Association of coronary heart disease incidence with
carotid arterial wall thickness and major risk factors: the Atherosclerosis
Risk in Communities (ARIC) Study, 1987-1993. Am J Epidemiol 1997,
146:483-94.

Criqui MH, Langer RD, Fronek A, Feigelson HS, Klauber MR, McCann
TJ, Browner D. Mortality over a period of 10 years in patients with
peripheral arterial disease. N Engl J Med 1992;326:381-6.

Crouse JR, Byington RP, Bond MG, Espeland MA, Craven TE, Sprinkle
JW, McGovern ME, Furberg CD. Pravastatin, lipids, and atherosclerosis
in the carotid arteries (PLAC-II). Am J Cardiol 1995;75:455-9.
Probstfield JL, Byington RP, Egan DA, Espeland MA, Margitic SE, Riley
WA, Furberg CD. Methodological issues facing studies of atherosclerotic
change. Circulation 1993;87(suppl 1I):1I-74—81.

Fredrickson BL, Maynard KE, Helms MJ, Haney TL, Siegler IC, Bare-
foot JC. Hostility predicts magnitude and duration of blood pressure
response to anger. ] Behav Med 2000;23:229-43.

Suarez EC, Kuhn CM, Schanberg SM, Williams RB Jr, Zimmermann
EA. Neuroendocrine, cardiovascular, and emotional responses of hostile
men: the role of interpersonal challenge. Psychosom Med 1998;60:
78-88.

Gianaros PJ, Bleil ME, Muldoon MF, Jennings JR, Sutton-Tyrrell K,
McCaffery JM, Manuck SB. Is cardiovascular reactivity associated with
atherosclerosis among hypertensives? Hypertension 2002;40:742—7.
Kamarck TW, Everson SA, Kaplan GA, Manuck SB, Jennings JR,
Salonen R, Salonen JT. Exaggerated blood pressure responses during
mental stress are associated with enhanced carotid atherosclerosis in
middle-aged Finnish men: findings from the Kuopio Ischemic Heart
Disease Study. Circulation 1997;96:3842—8.

Harris KF, Matthews KA. Interactions between autonomic nervous sys-

Psychosomatic Medicine 66:633-639 (2004)

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

tem activity and endothelium function: a model for the development of
cardiovascular disease. Psychosom Med 2004;66:153—64.

Sloan RP, Bagiella E, Shapiro PA, Kuhl JP, Chernikhova D, Berg J,
Myers MM. Hostility, gender, and cardiac autonomic control. Psychosom
Med 2001;63:434—-40.

Sloan RP, Shapiro PA, Bigger JT Jr, Bagiella E, Steinman RC, Gorman
JM. Cardiac autonomic control and hostility in healthy subjects. Am J
Cardiol 1994;74:298-300.

Strike PC, Steptoe A. Psychosocial factors in the development of coro-
nary artery disease. Prog Cardiovasc Dis 2004;46:337-47.

Everson SA, Kauhanen J, Kaplan GA, Goldberg DE, Julkunen J, Tuom-
ilehto J, Salonen JT. Hostility and increased risk of mortality and acute
myocardial infarction: the mediating role of behavioral risk factors. Am J
Epidemiol 1997;146:142-52.

Hemingway H, Marmot M. Evidence-based cardiology. Psychosocial
factors in the etiology and prognosis of coronary artery disease: system-
atic review of prospective cohort studies. BMJ 1999;318:1460-7.
Caplan LR, Gorelick PB, Hier DB. Race, sex and occlusive cerebrovas-
cular disease: a review. Stroke 1986;17:648-55.

Gil-Peralta A, Alter M, Lai SM, Friday G, Otero A, Katz M, Comerota
AlJ. Duplex Doppler and spectral flow analysis of racial differences in
cerebrovascular atherosclerosis. Stroke 1990;21:740—4.

Gorelick PB, Caplan LR, Hier DB, Patel D, Langenberg P, Pessin MS,
Biller J, Kornack D. Racial differences in the distribution of posterior
circulation occlusive disease. Stroke 1985;16:785-90.

Inzitari D, Hachinski VC, Wayne Taylor D, Barnett HIM. Racial differ-
ences in the anterior circulation in cerebrovascular disease: how much
can be explained by risk factors? Arch Neurol 1990;47:1080—4.

Sacco RL, Kargman DE, Gu Q, Zamanillo MC. Race-ethnicity and
determinants of intracranial atherosclerotic cerebral infarction: the North-
ern Manhattan Stroke Study. Stroke 1995;26:14-20.

639



