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H

OSTILITY IS A PERSONALITY

and character trait with attitudinal (cynicism and mistrust of others), emotional
(anger), and behavioral (overt and repressed aggression) components.1 In
epidemiological studies, hostility has
been frequently measured with the
Cook-Medley questionnaire, an empirical scale originally designed to characterize mistrustful attitudes.2
High hostility level is related to increased risk of angiographically documented coronary atherosclerosis,3,4 essential hypertension,5 coronary artery
disease (CAD) incidence,6-11 and allcause mortality.8,11 However, 3 studies
have reported no relationship between
hostility and CAD outcomes.12-14 It has
also been shown that hostility is a predictor of restenosis after coronary angioplasty15 and of carotid intima media
thickness among healthy postmenopausal women16 and middle-aged men.17
Several mechanisms have been proposed to explain why hostility may increase cardiovascular risk, including
concomitant unhealthful lifestyle behaviors.18 For example, Everson et al11

Design Prospective cohort study.
Setting and Participants Volunteer subsample from Chicago, Ill, and Oakland, Calif,
consisting of 374 white and black men and women, aged 18 to 30 years at baseline,
who participated in the Coronary Artery Risk Development in Young Adults (CARDIA)
study. Cook-Medley hostility assessment data were collected at baseline from 1985
to 1986 and at year 5 examinations from 1990 to 1992. After the 10-year examinations in the 1995-1996 year, electron-beam computed tomographic scans were performed.
Main Outcome Measures Presence of any detectable coronary artery calcification (coronary calcium score .0), and coronary artery calcium scores of 20 or higher.
Results In logistic regression analysis adjusting for age, sex, race, and field center
comparing those with hostility scores above and below the median of the distribution
of the present sample, the odds ratio of having any coronary calcification was 2.57
(95% confidence interval, 1.31-5.22), and the odds ratio of having a calcium score of
20 or higher was 9.56 (95% confidence interval, 2.29-65.9) for calcium scores of 20
or higher. The associations with any coronary artery calcification persisted after adjusting for demographic, lifestyle, and physiological variables. Results using a cynical
distrust subscale were somewhat weaker than for those using the global hostility score.
Power was inadequate to perform sex- or race-specific analyses.
Conclusion These results suggest that a high hostility level may predispose young
adults to coronary artery calcification.
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have shown that the association between cynical distrust and cardiovascular outcomes was explained by simultaneous adjustment for smoking,
alcohol consumption, physical activity, and body mass index.
Our objective was to examine the association of hostile attitudes with coronary artery calcification, a marker of subclinical atherosclerosis,19,20 among a
subset of participants in the Coronary
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Artery Risk Development in Young
Adults (CARDIA) study and to determine whether the associations of interest were independent of established CAD
risk factors. The prevalence of coronary artery calcification in this CARDIA
subset was determined using electronbeam computed tomographic (EBCT)
scans, previously described.21
This is a novel investigation, for 3
reasons: first, the assessment of coronary calcification as an outcome is
unique because it is free of biases associated with clinical CAD end points.
These biases include physician behavior, patient awareness or denial of symptoms, and the fact that many noncases
of CAD have significant but undiagnosed disease that can confound casecontrol comparisons. Second, our study
population allowed us to examine, for
the first time, the association between
hostility and the natural history of atherosclerosis in its early stage, as opposed to previous investigations that focused on hostility either as a trigger of
a clinical event6,7 or a correlate of advanced atherosclerosis.16,17 Third, our
sample included men and women of
both races, whereas previous studies included middle-aged and elderly populations, usually predominantly men.
METHODS
Cohort Description and Selection

CARDIA is a longitudinal investigation
of CAD risk factors in a population aged
18 through 30 years at study inception.
Details of study design, recruitment, and
procedures have been published elsewhere.22,23 To date, CARDIA has completed 5 examination cycles: a baseline
examination during the 1985-1986 study
year (n=5115) and follow-up examinations at years 2, 5, 7, and 10 that achieved
high retention rates.
For the purpose of this investigation, we used coronary calcium scores
obtained in a subsample of participants
living in Chicago, Ill, and Oakland, Calif,
between May 1996 and January 1997.
Data were collected at baseline and at the
year 5 examinations (1990-1992). For
the EBCT study, we aimed to recruit an
equal number of women and men and

an equal number of black and white participants. Of 443 participants in the
EBCT study, 48 were omitted in the current analysis for missing the measurement of hostility at baseline, year 5, or
both. Another 21 were omitted for having 1 or more covariates of interest missing at baseline, year 5, or both, resulting in 374 qualifying subjects.
Educational attainment, smoking, and
alcohol consumption were ascertained
by self-report. An interviewer administered a follow-up questionnaire to all
those who reported ever drinking or
smoking. Alcohol consumption was assessed as the average number of drinks
(beer, wine, spirits) reported per week,
multiplying by the estimated concentration of ethanol, and summing the responses.24 An interviewer-administered physical activity history was given
to each participant.25 Blood samples were
drawn in the morning after an overnight fast using EDTA-containing tubes.
The protocols for lipid-level determination,26-29 blood pressure, weight, and
height can be found elsewhere.21 Body
mass index was calculated as weight in
kilograms divided by the square of
height in meters. Insulin was measured by radioimmunoassay (Linco, St
Louis, Mo). Hypertension was defined
as blood pressure of 140/90 mm Hg or
more or use of antihypertensive medication. Diabetes was defined as 8-hour
fasting blood glucose level of 7.0 mmol/L
(126 mg/dL) or more or use of antidiabetic medication.
Hostility levels were measured by the
Cook-Medley 50-item scale, which uses
a true-false format.2 As an example, items
included the following: “I think most
people would lie to get ahead,” “It is safer
to trust nobody,” “No one cares much
what happens to you,” “Most people will
use somewhat unfair means to gain profit
or an advantage rather than lose it,” “I
tend to be on my guard with people who
are somewhat more friendly than I had
expected,” and “I have at times had to
be rough with people who were rude to
me.” This questionnaire was selfadministered at baseline and again during the year 5 examination. Based on the
responses, we computed global hostil-
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ity scores that ranged from 1 to 41. Cynical distrust scores were based on the
8-item subscale used by Everson et al11
and ranged from 0 to 8. The institutional review boards of the centers involved approved the study, and all participants gave informed written consent.
EBCT Scanning
and Reading Protocol

Imatron C-100 scanners (South San
Francisco, Calif) were used to obtain 40
consecutive 3-mm tomographic images
from the root of the aorta to the apex of
the heart. Images were obtained synchronously with the heart rate, in real
time, with breath held, at end diastole
(80% of R-R interval), and the scan acquisition time was 100 ms (a 10th of a
second). Two scans were performed on
each participant at an interval of 1 to 2
minutes. The scan with the highest score
was used for analysis. Women were
scanned during the 2 weeks following the
beginning of their menstrual cycles.
Each image was examined by a radiologic technologist who removed bony
structures from the images and identified a region of interest around each potential focus of coronary calcium. A focus was defined as a region of 6 adjacent
pixels or more (approximately 2 mm2)
with a computed tomographic number
higher than 130 Hounsfield units. Images of lesions of this size have been
found to be reproducible.30,31 The calcium score was calculated for each scan
multiplying the area of the focus in
square millimeters by a coefficient based
on the peak computed tomography
number of the focus.32
Statistical Analysis

The degree of linear association between hostility and cynical distrust
scores was examined using Pearson correlation coefficients. Because the calcium score was skewed to the right, the
bivariate associations of the hostility and
the cynical distrust scores with the calcium score were examined using Spearman rank-order correlation coefficients. Analysis of variance was applied
to estimate sex- and race-specific means
of hostility and cynical distrust scores
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Table 1. Coronary Artery Calcification by Sex and Race Subgroups, the Coronary Artery Risk
Development in Young Adults (CARDIA) Study, 10-Year Examination, 1995-1996
Calcium Score, No. (%)*
No. of
Participants

Log Calcium
Score +1, Mean (SD)

0

0-19

$20

91
96

0.45 (1.17)
0.45 (1.16)

75 (82)
80 (83)

13 (14)
9 (9)

3 (3)
7 (7)

Black women

110

0.29 (0.84)

96 (87)

12 (11)

2 (2)

White women
All participants

77
374†

0.08 (0.44)
0.33 (0.97)

74 (96)
325 (87)

2 (3)
36 (10)

1 (1)
13 (3)

Subgroups
Black men
White men

*The row percentages do not add up to 100% due to rounding.
†CARDIA participants who had measurements of Cook-Medley hostility scores at baseline and 5-year examination
and had complete data on covariates of interest.

at baseline and means of study variables according to quartiles of hostility scores at baseline. Analysis of covariance was used to estimate sex-,
race-, and field center–adjusted proportions of study participants with calcium scores of more than 0 and 20 or
higher, according to quartiles of hostility at baseline, respectively.
Multivariate logistic regression was
used to quantify the unadjusted relative risks of calcium scores more than
0 and 20 or higher associated with 1 SD
linear difference in hostility and in cynical distrust scores at baseline, respectively. Additional analyses were run dichotomizing hostility and cynical
distrust scores into high vs low (determined by median cut points). The calcium score cut points (0 and 20) were
chosen to examine the association of
hostility with any measurable coronary artery calcification (vs none), and
with the presence of a calcium score of
20 or higher (to rule out the possibility that very low calcium scores may be
due to imaging artifacts).
Second, the minimally adjusted logistic models considered included baseline age, sex, race, and field center. Third,
fully adjusted logistic models included
the above variables plus variables found
to be significantly related to hostility:
education level, alcohol consumption,
current smoking status, and change in
systolic blood pressure between baseline and the year 5 examination, including baseline systolic blood pressure. We
also included in the fully adjusted models 2 additional variables found to be
positively associated with the presence
of any coronary artery calcification (ie,

calcium score .0): body mass index and
low-density lipoprotein cholesterol.
Confirmatory analysis was carried out
with hostility scores measured at year 5
with similar results (data not provided).
To assess differential associations by
sex and race groups, logistic models
predicting calcium score of more than
0 and 20 or higher were also performed including (in addition to age
and field center) terms for 2-way interactions between baseline hostility
score (as a continuous variable) and sex,
and between hostility score and race.
The SAS version 6.11 statistical software (SAS Institute, Cary, NC) was used
in all statistical analyses.
RESULTS
In comparison with the rest of CARDIA
subjects, participants in this study were
less likely to be white women (20.6%
vs 28.2%; P,.001), were slightly older
(25.3 vs 25.0 years; P = .05), and less
likely to be current smokers (23.8% vs
28.9%; P = .04). Moreover, participants in this study had a higher total
physical activity score (458 vs 419;
P = .03) and had lower triglyceride levels (0.75 [66.4] vs 0.82 mmol/L [72.5
mg/dL]; P,.001). However, participants did not differ significantly from
the rest of the cohort in hostility score
at baseline (19.7 vs 19.1; P =.23).
Forty-nine (13%) subjects had a calcium score of more than 0. This percentage varied by sex and race, with men
of both races having the highest scores
(17%) and white women having the lowest (4%). White men had the highest percentage of participants with a calcium
score of 20 or higher (7%) (TABLE 1).
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The respective mean (SD) hostility
and cynical distrust scores at baseline
were highest in black men (23.2 [7.7];
4.0 [1.8]), followed by black women
(21.5 [7.8]; 3.4 [2.0]), white men (17.1
[7.5]; 2.1 [1.9]), and white women (16.2
[7.6]; 2.0 [1.9]). This ranking was maintained in the year 5 examination. On average, the mean (SD) hostility score declined by 1.9 points over 5 years, with
the highest decrease among white men
(−2.2 [6.1]) and white women (−2.1
[6.4]), and lowest decrease among black
women (−1.6 [7.3]).
The sex and race distribution varied
with the level of hostility. Of the 97 participants in the highest quartile, black
women and men represented the highest percentage. Of the 89 participants in
the lowest quartile, white men and
women represented the highest percentage (TABLE 2). Age and education level
were inversely related, whereas alcohol consumption was positively associated with hostility. The percentage of
those who smoked at baseline increased with the level of hostility. In addition, those who smoked at baseline
and who were in the lowest quartile of
hostility appeared to be more likely to
have quit smoking at the year 5 examination than those with higher hostility
scores. Furthermore, subjects with high
hostility scores displayed a smaller decline in systolic blood pressure and a
slight increase in diastolic blood pressure at the year 5 examination.
The correlation between hostility
scores at baseline and at 5 years was 0.67
(P,.001); overall hostility and cynical
distrust scores were highly correlated
(r = 0.82; P,.001). Hostility scores at
baseline (0.12 [P=.02]) and at 5 years
(0.19 [P,.001]) correlated with the calcium score. The correlation of the cynical distrust score at baseline and the calcium score was 0.11 (P=.03).
After adjusting for sex, race, and field
center, the percentage of persons with a
calcium score more than 0 and 20 or
higher increased in a monotonic fashion with the level of hostility at baseline
(FIGURE). In unadjusted logistic regression, difference of 1 SD (8.2 units) in hostility scores at baseline was associated
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with statistically significant greater odds
of having any coronary artery calcification: 1.38 (95% confidence interval [CI],
1.02-1.88), and for having a calcium
score of 20 or higher it was 1.96 (95%
CI, 1.11-3.58) (TABLE 3). Compared with
subjects with low hostility scores, those
with scores above or at the median were
more likely to have a calcium score of
more than 0 (odds ratio [OR], 2.00 [95%
CI, 1.09-3.80]) and a score of 20 or
higher (OR, 6.18 [95% CI, 1.63-40.3]).
These ORs were substantially unaltered
(if anything, they became stronger in
some cases) after minimal or full multivariate adjustments. Hostility scores measured at year 5 examination (both as a
continuous and a categorical variable)
showed similar risk relations (data not

shown). Furthermore, each 1 unit increase in hostility between baseline and
year 5, adjusting for baseline hostility
scores, was also related to a statistically
significant 1.09 (95% CI, 1.03-1.15)
higher odds of any coronary artery calcification but was not related to having
a calcium score of 20 or higher.
There was an association of borderline statistical significance between the
8 cynical distrust items as a continuous
variable and having a calcium score of
more than 0 (OR per SD difference, 1.41
[95% CI, 1.00-2.01]) and a significant
association between the cynical distrust score, also as a continuous variable and having a calcium score of 20
or higher (OR per 1 SD difference, 1.91
[95% CI, 1.04-3.58]) after adjusting for

age, race, and field center.(TABLE 3). In
the minimally adjusted model, those in
the upper half of cynical distrust, compared with those in the lower half, experienced an OR of 2.09 (95% CI, 1.054.31) of having a calcium score more
than 0 and an OR of 3.86 (95% CI, 1.0518.6) of having a calcium score of 20 or
higher. Adjustment for potential mediating variables attenuated but did not
completely explain the association of
cynical distrust scores with the presence of any coronary calcification.
Neither the 2-way interaction between the global hostility score at baseline (as a continuous variable) and sex
as predictors of calcium scores of more
than 0 or 20 or higher (P$.19) nor the
2-way interaction between baseline hos-

Table 2. Associations Between Demographic, Behavioral, Physiological, and Psychological Variables and Cook-Medley Hostility Score
at Baseline, the Coronary Artery Risk Development in Young Adults Study, 1985-1986*
Quartiles of Cook-Medley Hostility Score at Baseline
Variables
Baseline
No. of participants
White men, %

,14

14-19

20-25

89
34.8

104
30.8

84
25.0

White women, %

33.7

21.1

Black men, %

11.2

24.0

$26

P Value†

97
12.4

...

21.4

7.2

19.0

41.2

,.001

Black women, %

20.2

24.0

34.5

39.2

Age, y

25.6 (3.4)

25.9 (3.1)

24.9 (3.7)

24.8 (3.8)

.02

Education, y

14.8 (2.1)

13.9 (2.1)

13.5 (2.4)

13.4 (2.3)

,.001

Alcohol consumption, mL/d

9.8 (15.1)

10.7 (16.4)

15.1 (25.5)

17.2 (31.9)

.01

Total physical activity score, U

506 (378)

440 (307)

448 (346)

442 (361)

.21

Body mass index, kg/m2

24.5 (4.2)

24.4 (4.6)

24.5 (5.7)

25.7 (5.5)

.17

Systolic blood pressure, mm Hg

113 (9)

111 (11)

110 (11)

113 (12)

.43

Diastolic blood pressure, mm Hg

69 (11)

68 (9)

68 (10)

69 (9)

.53

Fasting insulin, pmol/L‡

71.5 (36.1)

67.4 (52.9)

76.4 (55.6)

79.9 (70.1)

.08

Low-density lipoprotein cholesterol, mmol/L§

2.96 (0.78)

2.93 (0.81)

2.84 (0.75)

2.89 (0.87)

.51

High-density lipoprotein cholesterol, mmol/L§

1.39 (0.30)

1.42 (0.34)

1.37 (0.28)

1.41 (0.35)

7.8

20.2

27.4

39.2

,.001

2.2

0.9

2.4

4.1

.75

Current cigarette smoker, %
Prevalent hypertension, %
Change
Quit smoking at year 5 after baseline, %
Change in body mass index, kg/m2\

.78

42.8
1.6 (2.3)

4.7
1.4 (2.8)

26.1
1.6 (2.6)

26.3
1.7 (2.3)

.57
.93

Change in systolic blood pressure, mm Hg\

−5.8 (8.2)

−3.5 (9.3)

−2.0 (8.4)

−1.7 (11.1)

,.001

Change in diastolic blood pressure, mm Hg\

−2.1 (10.1)

1.2 (9.6)

0.5 (9.2)

2.0 (11.9)

.03

Incident hypertension, %¶

6.7

8.6

8.3

15.4

.10

Incident diabetes, %#

0.0

3.8

2.4

2.1

.45

*Data are presented as mean (SD) unless otherwise indicated. Ellipses indicate not applicable.

†Derived from x2 test of homogeneity for sex and race groups, linear regression of hostility as a continuous independent variable on continuous dependent variables, and logistic
regression of hostility as a continuous independent variable on dichotomous dependent variables.
‡To convert from pmol/L to µU/mL divide by 6.945.
§To convert from mmol/L to mg/dL divide by 0.02586.
\Year 5 minus baseline.
¶No hypertension at baseline and hypertension at 2-, 5-, 7- and/or 10-year examinations. Defined as blood pressure 140/90 mm Hg or more or use of antihypertensive medication.
#No diabetes at baseline and diabetes at 7- and 10-year examinations or both. Defined as 8-hour fasting blood glucose level of $7.0 mmol/L (126 mg/dL) or use of antidiabetic
medication.
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tility and race were statistically significant (P$.56).
COMMENT
This population-based study in young
adults demonstrates a positive graded
association between hostility scores at
baseline and coronary artery calcification measured using EBCT 10 years later.
Persons with baseline hostility scores
above the median had a 2-fold greater
prevalence of any measurable coronary
calcification (ie, calcium score .0), relative to those below the median. Although
mean hostility levels decreased over 5
Figure. Sex, Race, and Field
Center–Adjusted Percentage Showing
Coronary Artery Calcification by Quartiles of
the Cook-Medley Score

% With Coronary Artery Calcification

Coronary Calcium Score >0
Coronary Calcium Score ≥20
25
20
15
10
5
0

<14
(n = 89)

14-19
(n = 104)

20-25
(n = 84)

≥26
(n = 97)

Quartiles of Cook-Medley Score at Baseline

Light gray bars indicate the percentage of all patients
in each baseline Cook-Medley Score quartile with a
coronary calcium score of greater than 0 (P for linear
trend = .02). Patients in this group with a coronary
calcium score of 20 or higher are indicated by the dark
gray bars (P for linear trend = .008).

years in all sex and race groups, the 5-year
change in hostility was also positively
associated with coronary artery calcification. Cynical distrust, a subscale of hostility, was also associated with the presence of coronary calcium, although to a
lesser degree. This finding suggests that,
although the cynical distrust component may be important, other components of hostility (ie, anger or aggression) may be involved in the development
of subclinical cardiovascular disease.1
As reported before in the CARDIA cohort,33,34 we found that hostility at baseline was related to a number of variables such as sex, race, age, education
level, alcohol consumption, current
smoking, and change in systolic blood
pressure. However, controlling for these
potential confounders in multivariate
analysis did not explain the association
between hostility scores and coronary artery calcification. Findings from the
Kuopio Ischemic Heart Disease Risk
study showed that adjustments for behavioral risk factors reduced substantially the association between cardiovascular mortality and cynical hostility.11
This discrepancy may be due to a much
higher prevalence of these factors among
middle-aged Finnish men.
A limitation of our study was not having adequate statistical power to perform sex- and race-specific analyses.
None of the interactions between hostility scores and sex or between hostility scores and race reached statistical
significance. However, this lack of in-

teraction should be viewed cautiously, and the question of whether
hostility plays an equal role in atherosclerotic heart disease across sex and
race groups deserves further study.
Our results are consistent with the hypothesis that hostility might contribute
to the development of coronary atherosclerosis not only through poor health
habits (ie, greater alcohol intake and tobacco use), but via other physiological
mechanisms. For example, a number of
recent investigations have found relationships between hostility and cardiovascular reactivity,35 blood pressure
morning surge,36 increased platelet activation,37 and reduced b-adrenergic receptor responsiveness.38 Epinephrine is
a recognized platelet activator39,40 and
hostile individuals show a marked increase of catecholamine levels during
psychological stress.41 In addition, previous studies have shown that hostile
persons have a propensity toward prolonged neuroendocrine responses to either psychological stressors or chronic
stress associated with frequent and prolonged bouts of anger.42
An alternative interpretation is that a
common (confounding) factor, perhaps hormonal-like androgens,43 may
lead both to hostility and subclinical
CAD. Although androgens have been
linked to high levels of aggressiveness,43 studies dealing with the relationship between circulating levels of testosterone and dehydroepiandrosterone and
CAD in men are inconsistent.44

Table 3. Logistic Regression of Coronary Artery Calcification Status at the 10-Year Examination (1995-1996) on Cook-Medley Global Hostility
Score and Cynical Distrust Score at Baseline, the Coronary Artery Risk Development in Young Adults Study, 1985-1986 (n = 374)*
Global Cook-Medley Score
Variables
Model predicting calcium score .0
Unadjusted
Minimally adjusted‡
Fully adjusted§
Model predicting calcium score $20\
Unadjusted
Minimally adjusted‡

Cynical Distrust Score

1 SD Difference
(8.2 Units)

High vs Low
($20 vs ,20 Units)†

1 SD Difference
(2.1 Units)

High vs Low
($2 vs ,4 Units)†

1.38 (1.02-1.88)
1.54 (1.08-2.21)

2.00 (1.09-3.80)
2.57 (1.31-5.22)

1.34 (0.99-1.81)
1.41 (1.00-2.01)

1.92 (1.04-3.72)
2.09 (1.05-4.31)

1.48 (1.00-2.22)

2.38 (1.12-5.20)

1.24 (0.85-1.80)

1.54 (0.74-3.25)

1.96 (1.11-3.58)
2.30 (1.24-4.52)

6.18 (1.63-40.3)
9.56 (2.29-65.9)

1.56 (0.91-2.77)
1.91 (1.04-3.58)

2.97 (0.89-13.4)
3.86 (1.05-18.6)

*All data are presented as odds ratio (95% confidence interval).
†Medium split.
‡Includes age, sex, race, and field center.
§Includes education level, alcohol consumption, current cigarette smoking, systolic blood pressure, body mass index, low-density lipoprotein cholesterol, and 5-year change in
systolic blood pressure.
\There were too few cases with calcium scores less than 20 (n = 13) to fit fully adjusted models.
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Therapy directed at reducing hostility has been shown to reduce the risk of
nonfatal reinfarction by more than
50%.45 Recent evidence suggests that formal cardiac rehabilitation and exercise
training programs can reduce hostility
and improve quality of life after major
coronary events.46 An important implication of our findings is that therapy directed at reducing hostility also may have
value in preventing the development of
subclinical atherosclerosis.
Coronary artery calcification detected by EBCT occurs early in plaque
development as part of the inflammatory pathophysiologic cascade of CAD19,47
and is regulated in part by a process similar to bone mineralization.48 Although
not all atherosclerotic segments have detectable calcification, the area of coronary artery calcification quantified on
EBCT has a positive relationship with the
histopathologic coronary plaque area.48
Coronary calcification may be a stronger predictor of angiographic CAD than
are standard risk factors49 and may be a
predictor of coronary events including
coronary death, myocardial infarction, or
revascularization.50,51
In summary, this prospective cohort
study suggests that high hostility levels
may contribute to early subclinical atherosclerotic CAD. Clinical trials are
needed to test whether reduction in hostile attitudes and behaviors is an effective means of preventing atherosclerosis and thus ameliorating the burden of
coronary disease.
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Previous Presentation: Presented at the 39th American Heart Association Annual Conference on Cardiovascular Disease Epidemiology and Prevention, Orlando, Fla, March 1999.
REFERENCES
1. Barefoot JC, Dodge KA, Peterson BL, et al. The
Cook-Medley hostility scale: item content and ability
to predict survival. Psychosom Med. 1989;51:46-57.
2. Cook W, Medley D. Proposed hostility and pharisaic-virtue scales for the MMPI. J Appl Psychol. 1954;
238:414-418.
3. Dembroski TM, MacDougall JM, Williams RB,
Haney TL, Blumenthal JA. Components of type A, hostility, and anger in relationship to angiographic findings. Psychosom Med. 1985;47:219-233.
4. Barefoot JC, Patterson JC, Haney TL, Cayton TG,
Hickman JR Jr, Williams RB. Hostility in asymptomatic men with angiographically confirmed coronary artery disease. Am J Cardiol. 1994;74:439-442.

5. Diamond EL. The role of anger and hostility in essential hypertension and coronary heart disease. Psychol Bull. 1982;92:410-433.
6. Shekelle RB, Gale M, Ostfeld AM, Paul O. Hostility, risk of coronary heart disease, and mortality. Psychosom Med. 1983;45:109-114.
7. Dembroski TM, MacDougall JM, Costa PT Jr, Grandits GA. Components of hostility as predictors of sudden death and myocardial infarction in the Multiple
Risk Factor Intervention Trial. Psychosom Med. 1989;
51:514-522.
8. Barefoot JC, Dahlstrom WG, Williams RB Jr. Hostility, CHD incidence, and total mortality. Psychosom
Med. 1983;45:59-63.
9. Barefoot JC, Larsen S, von der Lieth L, Schroll M.
Hostility, incidence of acute myocardial infarction, and
mortality in a sample of older Danish men and women.
Am J Epidemiol. 1995;142:477-484.
10. Koskenvuo M, Kaprio J, Rose RJ, et al. Hostility
as a risk factor for mortality and ischemic heart disease in men. Psychosom Med. 1988;50:330-340.
11. Everson SA, Kauhanen J, Kaplan G, et al. Hostility and increased risk of mortality and acute myocardial infarction. Am J Epidemiol. 1997;146:142-152.
12. Leon GR, Finn SE, Murray D, Bailey JM. Inability
to predict cardiovascular disease from hostility scores
or MMPI items related to type A behavior. J Consult
Clin Psychol. 1988;56:597-600.
13. Hearn MD, Murray DM, Luepker RV. Hostility,
coronary heart disease, and total mortality. Behav Med.
1989;12:105-121.
14. Helmer DC, Ragland DR, Syme SL. Hostility and coronary artery disease. Am J Epidemiol. 1991;133:112-122.
15. Goodman M, Quigley J, Moran G, Meilman H,
Sherman M. Hostility predicts restenosis after percutaneous transluminal coronary angioplasty. Mayo Clin
Proc. 1996;71:729-734.
16. Matthews KA, Owens JF, Kuller LH, et al. Are hostility and anxiety associated with carotid atherosclerosis in healthy postmenopausal women? Psychosom Med. 1998;60:633-638.
17. Julkunen J, Salonen R, Kaplan GA, Chesney MA,
Salonen JT. Hostility and the progression of carotid atherosclerosis. Psychosom Med. 1994;56:519-525.
18. Smith TW. Hostility and health: current status of
a psychosomatic hypothesis. Health Psychol. 1992;
11:139-150.
19. Blankenhorn DH. Coronary artery calcification: a
review. Am J Med Sci. 1961;42:1-49.
20. Wexler L, Brundage B, Crouse J, et al. Coronary artery calcification: pathophysiology, epidemiology, imaging methods, and clinical implications. Circulation.
1996;94:1175-1192.
21. Bild D, Folsom A, Lowe L, et al. Coronary calcification in African American and white young adults:
the CARDIA Study. Can J Cardiol. 1997;13:241B.
22. Hughes GH, Cutter G, Donahue R, et al. Recruitment in the Coronary Artery Disease Risk Development in Young Adults (CARDIA) Study. Control Clin
Trials. 1987;8(suppl 4):68SB-73SB.
23. Friedman GD, Cutter GR, Donahue RP, et al.
CARDIA: study design, recruitment, and some characteristics of the examined subjects. J Clin Epidemiol. 1988;41:1105-1116.
24. Dyer AR, Cutter GR, Liu KQ, et al. Alcohol intake and blood pressure in young adults: the CARDIA
Study. J Clin Epidemiol. 1990;43:11-13.
25. Jacobs DR Jr, Hahn LP, Haskell WL, Pirie P, Sidney S. Validity and reliability of short physical activity
history. J Cardiopulm Rehabil. 1989;9:448B-459B.
26. Warnick GR. Enzymatic methods for quantification of lipoprotein lipids. In: Albers JJ, Segrest JP, eds.
Methods of Enzymology. Vol 129. New York, NY: Academic Press Inc; 1986:101-122.
27. Warnick, GR, Benderson JM, Albers JJ, et al. Dextran sulfate-Mg2+ precipitation procedure for quantitation of high-density-lipoprotein cholesterol. Clin
Chem. 1982;28:1379-1388.
28. Friedewald WT, Levy RI, Fredrikson DS. Estimation of the concentration of the low-density lipoprotein cholesterol in plasma, without use of the preparative ultracentrifuge. Clin Chem. 1972;18:499-502.

©2000 American Medical Association. All rights reserved.

29. Bild DE, Jacobs DR Jr, Liu K, et al. Seven-year trends
in plasma LDL-cholesterol in young adults: the CARDIA
Study. Ann Epidemiol. 1996;6:235-245.
30. Bielak LF, Kaufmann RB, Moll PP, McCollough CH,
Schwartz RS, Sheedy PF II. Small lesions in the heart
identified at electron beam CT: calcification or noise?
Radiology. 1994;192:631-636.
31. Kaufmann RB, Sheedy PF II, Breen JF, et al. Detection of heart calcification with electron beam CT.
Radiology. 1994;190:347-352.
32. Agatston AS, Janowitz WR, Hildner FJ, Zusmer
NR, Viamonte M Jr, Detrano R. Quantification of coronary artery calcium using ultrafast computed tomography. J Am Coll Cardiol. 1990;15:827-832.
33. Scherwitz L, Perkins L, Chesney M, Hughes G. CookMedley Hostility scale and subsets: relationship to demographicandpsychosocialcharacteristicsinyoungadults
in the CARDIA study. Psychosom Med. 1991;53:36-49.
34. Scherwitz LW, Perkins LL, Chesney MA, et al. Hostility and health behaviors in young adults: the CARDIA
Study. Am J Epidemiol. 1992;136:136-145.
35. Guyll M, Contrada RJ. Trait hostility and ambulatory cardiovascular activity: responses to social interaction. Health Psychol. 1998;17:30-39.
36. Pasic J, Shapiro D, Motivala S, Hui KK. Blood pressure morning surge and hostility. Am J Hypertens.
1998;11:245-250.
37. Markovitz JH. Hostility is associated with increased platelet activation in coronary heart-disease.
Psychosom Med. 1998;60:586-591.
38. Suarez EC, Sherwood A, Hinderliter AL. Hostility
and adrenergic receptor responsiveness. J Psychosom Res. 1998;44:261-267.
39. Larsson PT, Martinsson A, Olsson G, Hjemdahl
P. Altered adrenoceptor responsiveness during adrenaline infusion but not during mental stress. Br J Clin
Pharmacol. 1989;28:663-674.
40. Douma S, Zamboulis C, Karagiannis A, Sinakos
Z. Effects of adrenaline infusion on serum thromboxane B2 and plasma beta-thromboglobulin levels
in hypertensive and normotensive subjects. Nouv Rev
Fr Hematol. 1992;34:73-78.
41. 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.
42. Suarez EC, Shiller AD, Kuhn CM, et al. The relationship between hostility and beta-adrenergic receptor physiology in healthy young males. Psychosom
Med. 1997;59:481-487.
43. Archer J. The influence of testosterone on human
aggression. Br J Psychol. 1991;82:12-18.
44. Alexandersen P, Haarbo J, Christiansen C. The relationship of natural androgens to coronary heart disease
in males: a review. Atherosclerosis. 1996;125:11-13.
45. Friedman M, Thoresen CE, Gill JJ, et al. Alteration of type A behavior and its effect on cardiac recurrences in post myocardial infarction patients. Am
Heart J. 1986;112:653-665.
46. Lavie CJ, Milani RV. Effects of cardiac rehabilitation and exercise training programs on coronary patients with high levels of hostility. Mayo Clin Proc.
1999;74:959-966.
47. Berliner JA, Navab M, Fogelman AM, et al. Atherosclerosis: basic mechanisms. Circulation. 1995;91:
2488-2496.
48. Rumberger JA, Sheedy PF II, Breen JF, Fitzpatrick LA, Schwartz RS. Electron beam computed tomography and coronary artery disease. Mayo Clin Proc.
1996;71:369-377.
49. Kennedy J, Shavelle R, Wang S, Budoff M, Detrano RC. Coronary calcium and standard risk factors
in symptomatic patients referred for coronary angiography. Am Heart J. 1998;135:696-702.
50. Secci A, Wong N, Tang W, Wang S, Doherty T,
Detrano R. Electron beam computed tomographic
coronary calcium as a predictor of coronary events.
Circulation. 1997; 96:112-129.
51. Lahad A, Heckbert SR, Koepsell TD, Psaty BM,
Patrick DL. Hostility, aggression and the risk of nonfatal myocardial infarction in postmenopausal women.
J Psychosom Res. 1997;43:183-195.

(Reprinted) JAMA, May 17, 2000—Vol 283, No. 19

Downloaded from www.jama.com on August 28, 2007

2551

