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Background: Psychosocial factors have been linked to coronary
events, but the mechanisms underlying these associations have not
been established. Evidence is mixed regarding associations of psy-
chosocial factors with subclinical coronary atherosclerosis.

Objective: To examine associations of 4 psychosocial factors (de-
pressive symptoms, anger, anxiety, and chronic stress) with the
presence of subclinical coronary atherosclerosis.

Design: Cross-sectional study.

Setting: The Multiethnic Study of Atherosclerosis, a population-
based study of subclinical atherosclerosis.

Patients: A multiethnic sample of 6789 adults, 45 to 84 years of
age, with no history of clinical cardiovascular disease.

Measurements: Coronary calcium was assessed by using chest
computed tomography, and psychosocial factors were assessed by
using questionnaires with validated scales.

Results: There was no evidence that higher levels of the psycho-
social measures were associated with greater prevalence of calcifi-

cation or with greater amounts of calcium among persons with
calcium. Age- and risk factor–adjusted relative prevalences of cor-
onary calcification in men for the top fourth category versus the
bottom fourth category of anger, anxiety, and depressive symp-
toms were 0.94 (95% CI, 0.88 to 1.01), 0.97 (CI, 0.90 to 1.04),
and 0.97 (CI, 0.90 to 1.05), respectively; these values for women
were 1.01 (CI, 0.90 to 1.15), 0.93 (CI, 0.83 to 1.05), and 0.92 (CI,
0.82 to 1.04), respectively. Relative prevalences for the top versus
the bottom category of chronic stress burden were 1.02 (CI, 0.94
to 1.11) for men and 0.88 (CI, 0.79 to 0.99) for women.

Limitations: Current measures of psychosocial factors may be a
poor proxy for cumulative exposure during development of athero-
sclerosis.

Conclusion: Depressive symptoms, anger, anxiety, and chronic
stress burden were not associated with coronary calcification in a
multiethnic sample of asymptomatic adults.
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The extent to which psychosocial factors are important
risk factors for coronary heart disease has been debated

(1–3). Measures of depression, anxiety, hostility, and anger
have been shown to be associated with coronary heart dis-
ease in prospective studies (4–8). When present, these associ-
ations seem to be independent of behavioral risk factors. The
biological mechanisms through which psychosocial factors
exert their effects have not been fully elucidated. The re-
cent emergence of markers of subclinical atherosclerosis
allows investigation of whether psychosocial factors are re-
lated to early asymptomatic disease.

Psychosocial factors may be related to atherosclerosis
through their association with behavioral risk factors, such
as smoking, physical activity, and diet. Psychosocial factors
may also directly affect biological processes, such as inflam-
mation (9–11), hemostasis (12, 13), cardiovascular reactiv-
ity (14, 15), endothelial injury and endothelial function
(16–18), platelet activation (19–21), autonomic function
(22, 23), and abdominal obesity (24), that are involved in
the development of atherosclerosis. These biological effects
may be mediated in part through effects of psychosocial
factors on the hypothalamic–pituitary–adrenal axis and the
sympathetic and parasympathetic nervous systems (25).

The presence and amount of coronary calcium have
recently emerged as markers of subclinical coronary athero-
sclerosis (26–28). Only 4 studies have investigated associ-
ations of psychosocial factors with coronary calcification,
with conflicting results (29–32). Using data from the Mul-

tiethnic Study of Atherosclerosis (MESA), a large, popula-
tion-based study of the determinants of subclinical athero-
sclerosis, we investigated cross-sectional associations of 4
psychosocial measures (anger, anxiety, depression, and
chronic stress burden) with coronary calcification in a large
sample of adults, 45 to 84 years of age, with no history of
clinical cardiovascular disease. We hypothesized that de-
pression, anxiety, anger, and chronic stress burden would
be positively associated with the prevalence of calcification
and with the amount of calcium, independent of estab-
lished cardiovascular risk factors.

METHODS

The MESA is a longitudinal study supported by the
National Heart, Lung, and Blood Institute (NHLBI); its
goal is identifying risk factors for subclinical atherosclero-
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sis. Details of the study design have been published else-
where (33). Between July 2000 and August 2002, 6814
men and women 45 to 84 years of age who identified
themselves as white, black, Hispanic, or Chinese and were
free of clinically apparent cardiovascular disease were re-
cruited from 6 U.S. communities: Baltimore City and Bal-
timore County, Maryland; Chicago, Illinois; Forsyth
County, North Carolina; Los Angeles County, California;
Northern Manhattan and the Bronx, New York; and St.
Paul, Minnesota. Each field site recruited participants from
locally available sources, which included lists of residents,
lists of dwellings, and telephone exchanges. In the last few
months of the recruitment period, supplemental sources,
such as lists of Medicare beneficiaries from the Centers for
Medicare & Medicaid Services and referrals by partici-
pants, were used to ensure adequate numbers of minority
and elderly participants. The age distribution of the final
sample was as follows: 45 to 54 years (27%), 55 to 64 years
(28%), 65 to 74 years (30%), and 75 years or older (16%).
Percentages do not sum to 100 because of rounding. Cor-
onary calcium was assessed by using chest computed to-
mography (CT) with a cardiac-gated electron-beam CT
scanner (34) (Chicago, Los Angeles, and New York field
centers) or a multidetector CT system (35) (Baltimore,
Forsyth County, and St. Paul field centers) (36). All par-
ticipants had scanning over phantoms of known physical
calcium concentration. A cardiologist read all scans at the
Harbor-UCLA Research and Education Institute in Tor-
rance, California, to identify and quantify coronary calci-
fication, calibrated according to the readings of the calcium
phantom. Scans were read blindly with respect to scan
pairs and to other participant data by using a computerized
interactive scoring system similar to that described by Yag-
houbi and colleagues (37). The score of Agatston and col-
leagues (38) was used in all analyses. The Agatston score
and the volumetric calcium score were very highly corre-
lated in this sample (r � 0.99). The presence of calcifica-
tion was defined as an average Agatston score greater than 0.

Psychosocial factors were assessed by using standard-
ized questionnaires written in English, Spanish, or Chi-
nese. Depression was assessed by using the Center for Ep-
idemiology Studies–Depression (CES-D) scale (39), anger
and anxiety were assessed by using the Spielberger trait
anger and the Spielberger trait anxiety scales (40), and
chronic psychological stress was assessed by using the
chronic burden scale (41). The Spielberger trait anger
scale, the Spielberger trait anxiety scale, and the CES-D
have been used extensively in community samples and were
scored according to standard criteria, with possible ranges
of 10 to 40 for trait anger, 10 to 40 for trait anxiety, and 0
to 60 for CES-D; higher scores indicated higher levels of
anger, anxiety, and depressive symptoms, respectively.
Scores were analyzed as continuous variables and were cat-
egorized into 4 groups according to quartiles of the full
distribution. The CES-D score was also dichotomized into
scores of 16 or greater (often used as a screening cutoff for

depression) and scores less than 16. The Spielberger trait
anger and anxiety scales were designed to measure relatively
stable individual differences (traits as opposed to states). In
responding to the CES-D, participants are asked to refer to
the way they have felt during the past week. The chronic
burden scale (41) consists of 5 items that ask participants
to report ongoing difficulties in 5 domains: health of self,
health of others, job or ability to work, finances, and rela-
tionships. Participants were coded as having a difficulty in
the domain in question if they reported a moderately
stressful or severely stressful ongoing problem that had
been present for 6 months or more. The chronic burden
score was the number of items for which participants re-
ported an ongoing difficulty (range, 1 to 5). Participants
were classified into 3 groups (0, 1, and �2 ongoing diffi-
culties) for analyses. We also investigated anger, anxiety,
and depression jointly by constructing a cumulative score
of negative affectivity (42). This cumulative score was con-
structed by assigning a separate score of 0 to 3 to quartiles
of the anger, anxiety, and depression measures separately
and summing across the 3 measures.

Information on sociodemographic indicators and car-
diovascular risk factors was obtained from the MESA base-
line questionnaire. Race and ethnicity were characterized
on the basis of participants’ responses to questions modeled
on the 2000 U.S. Census. Family annual income and ed-
ucation were each classified into 3 groups (�$20 000,
$20 000 to $49 999, and �$50 000 and less than high
school; completed high school, technical school certificate
or associate degree; and completed college or more). Car-
diovascular risk factors (smoking history, body mass index

Context

The role of psychosocial risk factors in the pathogenesis of
coronary heart disease (CHD) is difficult to ascertain after
patients develop CHD symptoms.

Contribution

The authors administered standardized questionnaires
about psychosocial factors and did electron-beam chest
computed tomography in a community-based sample of
6814 adults without CHD symptoms. The prevalence of
coronary calcium varied from approximately 35% to ap-
proximately 70% by race and ethnicity and sex. Psychoso-
cial factors were not associated with coronary artery cal-
cium scores.

Cautions

The study used 1-time measurement of psychosocial fac-
tors, whose effects are probably cumulative.

Implications

The results make it less likely that psychosocial factors are
a contributing cause of CHD.

—The Editors

ArticlePsychosocial Factors and Coronary Calcium in Adults

www.annals.org 6 June 2006 Annals of Internal Medicine Volume 144 • Number 11 823



[BMI], low-density lipoprotein [LDL] and high-density li-
poprotein [HDL] cholesterol levels, hypertension [43], and
diabetes [44]) were assessed as part of the baseline exami-
nation. Body mass index was calculated as weight in kilo-
grams divided by the square of height in meters. Resting
blood pressure was measured 3 times with a Dinamap
model Pro 1000 automated oscillometric sphygmomanom-
eter (Critikon, Tampa, Florida) with participants in the
seated position. The average of the last 2 measurements
was used in the analysis. High-density lipoprotein choles-
terol and glucose levels were measured from blood samples
obtained after a 12-hour fast. Low-density lipoprotein cho-
lesterol level was calculated with the equation of Friede-
wald and colleagues (45). Diabetes was defined as a fasting
glucose level greater than 6.99 mmol/L (�126 mg/dL) or
use of hypoglycemic medication.

Statistical Analysis
The internal consistency of the psychosocial scales was

investigated by estimating Cronbach � coefficients. Be-
cause the predictors of having any coronary calcification
may be different from the predictors of the amount of
calcium in persons with calcification, we modeled the pres-
ence and amount of calcium in separate analyses. We used
relative risk regression to directly estimate prevalence ratios
of coronary calcification associated with the exposures of
interest. Relative prevalences can be derived from binomial
regression models fitted by using Proc Genmod in SAS
(SAS Institute, Inc., Cary, North Carolina) (46, 47). Be-
cause the use of a binomial error resulted in convergence
problems, a Gaussian error was used (48). To avoid under-
estimation of standard errors, robust standard errors (49)
were estimated by using the Proc Genmod repeated state-

ment in SAS (47). When a Gaussian error model with a log
link is used, estimated prevalences falling below 0 or in-
creasing above 1 may result. In our log-link Gaussian error
models, we found that up to 4.8% of the estimated preva-
lences in men and up to 2.4% of the estimated prevalences
in women were outside this range. Because of these non-
valid prevalence estimates, this model is generally not pre-
ferred over standard models, such as logistic regression. We
therefore ran additional logistic regression analyses as a sen-
sitivity check and found our conclusions to be qualitatively
similar. Results were also virtually identical when Poisson
regression (50) was used. Analyses of the amount of cal-
cium among persons with calcium modeled the logarithm
of the Agatston score as a function of covariates using lin-
ear regression. Exponentiated coefficients from these mod-
els can be interpreted as relative differences in the amount
of calcium associated with the variable of interest. To
model the associations of interest across the range of coro-
nary calcium values in a single model, we repeated selected
analyses using Tobit regression and ordinal logistic regres-
sion (51). Calcium was categorized into 5 levels: no cal-
cium and 4 categories based on approximate quartiles of
the sex-specific calcium distribution.

There was no evidence of interactions of sex or race
and ethnicity with the psychosocial measures studied (P �
0.1 for all tests for interactions); however, all results are
stratified by sex because of large sex differences in the prev-
alence of coronary calcification. Models were re-run after
additional adjustment for socioeconomic characteristics
and cardiovascular risk factors. Heterogeneity of associa-
tions by age, income, and site were tested by including
interaction terms in regression models. All reported P val-

Table 1. Distribution of Psychosocial Measures and Coronary Calcification by Race and Ethnicity and Sex in the Multiethnic Study
of Atherosclerosis, 2000–2002*

Variable Non-Hispanic White
Participants

Non-Hispanic African-
American Participants

Hispanic Participants Chinese Participants

Men Women Men Women Men Women Men Women
(n � 1256) (n � 1360) (n � 838) (n � 1040) (n � 718) (n � 774) (n � 390) (n � 413)

Mean anger score (SD) 14.8 (3.3) 14.9 (3.5) 14.0 (3.3) 14.3 (3.4) 14.8 (4.3) 15.1 (4.2) 15.5 (3.8) 15.3 (3.7)
Mean anxiety score (SD) 15.4 (4.2) 16.8 (4.7) 14.5 (4.0) 15.7 (4.3) 15.6 (4.8) 16.6 (4.7) 15.9 (4.1) 16.7 (4.7)
Mean depression score (SD) 6.1 (6.3) 7.9 (7.6) 6.1 (6.2) 8.4 (7.9) 7.8 (7.7) 11.1 (9.7) 5.4 (5.6) 7.1 (7.2)
Mean chronic burden score (SD) 0.75 (0.96) 1.13 (1.16) 0.76 (1.07) 1.15 (1.21) 0.74 (1.06) 0.93 (1.10) 0.40 (0.75) 0.57 (0.96)
Distribution, %†

None 51.7 36.5 56.3 39.3 57.3 45.0 72.2 66.2
1 29.8 31.9 23.5 27.3 23.7 30.7 18.8 18.3
2 or more 18.5 31.6 20.2 33.4 19.0 24.3 9.0 15.6

Prevalence of coronary
calcification, %

70.4 44.7 52.1 36.6 56.5 34.8 59.2 41.9

Median Agatston score in
participants with
calcification (25th–75th
percentile)

162
(33–468)

74
(17–245)

81
(25–303)

58
(17–194)

92
(26–349)

46
(14–150)

85
(23–233)

53
(19–153)

* Scales have possible ranges of 10 to 40 for trait anxiety, 10 to 40 for trait anger, and 0 to 60 for Center for Epidemiology Studies–Depression, with higher scores indicating
higher levels of anxiety, anger, and depressive symptoms, respectively. The chronic burden scale is the number of items (out of 5) for which participants reported a moderately
or very stressful problem that had been ongoing for 6 months or more. The number of participants for whom data on anger, anxiety, depression, and chronic burden were
available was 6782, 6775, 6778, and 6665, respectively.
† Refers to number of very stressful ongoing problems lasting 6 months or more.
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ues correspond to 2-tailed tests. The institutional review
boards at University of California, Los Angeles, Johns
Hopkins University, University of Minnesota, Northwest-
ern University, Columbia University, and Wake Forest
University approved the study. All participants gave writ-
ten informed consent.

Role of the Funding Source
The MESA is funded by the NHLBI. Together with

MESA investigators, NHLBI staff participated in the de-
sign of the study and monitored study performance. The
NHLBI also comments on manuscripts that result from
contract support but does not provide official approval or
disapproval.

RESULTS

Of all 6814 MESA participants, 25 were excluded be-
cause of missing information on the 4 psychosocial mea-
sures of interest, leaving 6789 participants for analysis. Ta-
ble 1 shows the distribution of anger, anxiety, depression,
and chronic burden scores by race and ethnicity and sex.

For all variables except anger, mean scores were signifi-
cantly higher (P � 0.001) in women than in men. There
were no consistent patterns in mean scores by race and
ethnicity. As previously reported for the MESA sample, the
proportion of persons with calcification and the amount of
calcium in those with calcification differed by race and
ethnicity (52). Cronbach � coefficients by sex and race
suggest that the internal consistency of the 3 standard
scales is acceptably high and is stable across sex and race
and ethnicity, ranging from a low of 0.72 for depression in
Chinese persons and white men to a high of 0.84 for anger
in Hispanic men (not shown in Table 1).

Table 2 shows the distribution of selected demo-
graphic, behavioral, and biological characteristics by cate-
gories of psychosocial measures. Mean age decreased across
categories of increasing levels of psychosocial measures.
Higher levels of anxiety, chronic burden, and depression
were associated with lower income, but no clear socioeco-
nomic differences were observed for anger. Higher levels of
psychosocial measures were positively associated with

Table 2. Selected Demographic, Behavioral, and Biological Characteristics by Categories of Psychosocial Measures in the
Multiethnic Study of Atherosclerosis, 2000–2002*

Variable Median
Score

Mean
Age, y

Women,
%

Annual
Income
<$25 000,
%

Current
Smokers,
%

Participants
with
Hypertension,
%

Participants
with
Diabetes,
%

Mean Body
Mass Index,
kg/m2

Anger
Group I (lowest) 11 65.0 51.7 27.9 9.9 42.4 12.2 27.60
Group II 14 62.5 53.7 27.6 11.0 41.2 11.3 27.87
Group III 15 60.9 52.3 26.7 12.2 42.9 13.4 27.83
Group IV (highest) 19 59.5 53.8 29.0 13.3 47.2 13.8 27.96

P value for trend
across groups†

�0.001 0.50 0.50 �0.001 0.005 0.113 0.044

Anxiety
Group 1 (lowest) 11 63.8 45.4 23.9 10.5 41.7 13.0 27.88
Group 2 14 62.2 49.1 24.3 10.3 41.6 12.1 27.76
Group 3 17 61.1 56.0 27.2 12.3 42.7 12.1 27.57
Group 4 (highest) 21 61.3 61.3 35.9 13.1 47.8 13.3 27.99

P value for trend
across groups†

�0.001 �0.001 �0.001 0.004 �0.001 0.80 0.56

Depression
Group 1 (lowest) 1 62.8 46.1 22.6 9.2 42.0 11.9 27.52
Group 2 4 62.0 47.9 23.2 10.0 43.0 12.2 27.85
Group 3 7 62.2 53.7 26.5 12.4 42.5 12.2 27.86
Group 4 (highest) 16 61.5 64.0 39.3 14.4 46.5 14.3 28.04

P value for trend
across groups†

�0.001 �0.001 �0.001 �0.001 0.012 0.025 0.007

Chronic burden
Group 1 (lowest) 0 63.3 45.3 25.7 10.6 41.4 11.0 27.50
Group 2 1 62.4 52.6 25.4 11.7 42.5 12.3 27.77
Group 3 (highest) 2 59.4 60.5 34.2 13.3 49.0 16.7 28.56

P value for trend
across groups†

�0.001 �0.001 �0.001 0.005 �0.001 �0.001 �0.001

* Estimates for income, smoking, hypertension, diabetes, and body mass index are adjusted to the age, sex, and race and ethnic distribution of the entire sample. Anger,
anxiety, and depression are categorized on the basis of quartiles of the full distribution. The ranges corresponding to these quartiles are as follows: anger, 10 to 12, 13 to 14,
15 to 16, and �17; anxiety, 10 to 12, 13 to 15, 16 to 18, and �19; and depression, 0 to 2, 3 to 5, 6 to 10, and �11, respectively. The 3 categories of chronic burden are
0, 1, or 2 or more reported ongoing problems.
† For the P value for trend for each of the psychosocial variables, an ordinal variable was constructed with the median value of the predictor used as rank value.
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smoking. The percentage of participants with hypertension
was higher in the highest quartile than in the other 3 quar-
tiles for each of the psychosocial variables. The prevalence
of diabetes was positively associated with chronic burden
and depression, and BMI was positively associated with
anger, depression, and chronic burden.

The Figure shows Agatston scores by psychosocial
measures in men and women. There was no evidence of a
positive association or threshold effect for any of the psy-
chosocial measures. In fact, an inverse association was ob-
served between psychosocial factors and coronary calcium
score, especially at higher levels of psychosocial measures,
although this negative slope was probably influenced by
outliers and sparse data. Table 3 shows prevalence ratios of
calcification by categories of psychosocial measures before
and after adjustment for cardiovascular risk factors. Smok-
ing, blood pressure, diabetes, and LDL cholesterol level
were positively associated with the presence of calcification,

although the strength and statistical significance varied by
sex. Body mass index was positively associated with the
presence of calcification in men but not in women (not
shown in Table 3).

There was no evidence that higher levels of any of the
psychosocial measures were associated with greater preva-
lence of calcification (Table 3). Higher levels of anger
scores were weakly associated with greater prevalence of
calcification in women and greater chronic burden was
weakly associated with calcification in men, but these pat-
terns disappeared after adjustment for socioeconomic fac-
tors and cardiovascular risk factors. No associations were
observed when participants with depression were compared
with those without depression by using the CES-D cutoff
score of 16 (relative prevalences from fully adjusted mod-
els, 1.05 [95% CI, 0.95 to 1.15] in men and 0.94 [CI,
0.84 to 1.05] in women). No consistent positive interac-
tions were observed for the amount of calcium among per-

Figure. Log Agatston score plotted against anger, anxiety, depression, and chronic burden in men and women in the Multiethnic
Study of Atherosclerosis, 2000–2002.

One point was added to all Agatston scores before taking the logarithm so that the 0 score could be included in the figure. Smooth lines were fitted by
using a cubic spline (53). Points for women were offset slightly to the right to induce separation between both sexes.
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sons with calcifications (Table 4). Tests for interaction did
not find evidence of more positive associations in the
younger age groups. There was also no evidence of heter-
ogeneity of associations by income or by site (of 40 inter-
actions tested, only 4 were statistically significant at the 0.1
level). No positive associations of psychosocial factors with
coronary calcification were observed in Tobit models, in
ordinal logistic regression models, or when analyses were
restricted to persons at intermediate risk for coronary heart
disease based on the Framingham risk score (26) (results
not shown).

DISCUSSION

Depression (or depressive symptoms) and anger have
been linked to recurrent events in patients with coronary
disease (4, 54–56), and depression, anger, and anxiety have

been linked to incident coronary events in population-
based samples (4–8, 57). Questions remain regarding
whether these associations reflect an effect of psychosocial
factors on atherogenesis or a triggering of clinical events in
persons with underlying disease. By focusing on coronary
calcification in an asymptomatic sample, we were able to
examine whether psychosocial factors are cross-sectionally
associated with early coronary atherosclerosis. The presence
of a cross-sectional association would not necessarily imply
a causal relation between psychosocial factors and athero-
genesis, but it would provide preliminary evidence for such
an effect that would need to be confirmed with designs
more appropriate for making causal inferences.

We found no evidence of a relationship between any
of the psychosocial factors examined and the presence or
amount of coronary calcification. Because of the strong

Table 3. Relative Prevalence of Coronary Calcification by Psychosocial Measures in Men and Women in the Multiethnic Study of
Atherosclerosis, 2000–2002

Variable Prevalence Ratio (95% CI) P Value for Trend
across Groups*

Group 1
(Lowest)

Group 2 Group 3 Group 4
(Highest)

Men
Anger

Model 1† 1 0.97 (0.91–1.03) 0.96 (0.89–1.02) 0.97 (0.92–1.04) 0.37
Model 2‡ 1 0.93 (0.86–1.00) 0.92 (0.84–0.99) 0.94 (0.88–1.01) 0.095

Anxiety
Model 1† 1 0.98 (0.92–1.03) 0.96 (0.9–1.03) 0.97 (0.92–1.04) 0.34
Model 2‡ 1 0.98 (0.91–1.05) 0.96 (0.89–1.04) 0.97 (0.90–1.04) 0.34

Depression
Model 1† 1 0.95 (0.9–1.01) 0.97 (0.92–1.04) 0.99 (0.93–1.05) 0.98
Model 2‡ 1 0.94 (0.88–1.02) 0.99 (0.92–1.07) 0.97 (0.9–1.05) 0.63

Negative affect score§
Model 1† 1 0.94 (0.89–1.00) 0.99 (0.93–1.05) 0.95 (0.89–1.01) 0.121
Model 2‡ 1 0.92 (0.85–0.99) 0.98 (0.91–1.05) 0.93 (0.87–1.01) 0.075

Chronic burden
Model 1† 1 1.03 (0.98–1.08) 1.05 (0.98–1.13) – 0.110
Model 2‡ 1 1.02 (0.95–1.08) 1.02 (0.94–1.11) – 0.58

Women
Anger

Model 1† 1 1.04 (0.95–1.13) 1.05 (0.96–1.15) 1.08 (0.98–1.19) 0.094
Model 2‡ 1 1.04 (0.94–1.15) 0.95 (0.85–1.07) 1.01 (0.9–1.15) 0.97

Anxiety
Model 1† 1 1.02 (0.93–1.11) 0.96 (0.87–1.06) 0.98 (0.89–1.07) 0.42
Model 2‡ 1 1.04 (0.93–1.16) 0.98 (0.87–1.1) 0.93 (0.83–1.05) 0.128

Depression
Model 1† 1 0.97 (0.87–1.07) 1.02 (0.93–1.11) 0.98 (0.9–1.07) 0.83
Model 2‡ 1 1.00 (0.89–1.13) 1.02 (0.91–1.14) 0.92 (0.82–1.04) 0.101

Negative affect score§
Model 1† 1 1.02 (0.93–1.12) 1.03 (0.95–1.13) 1.01 (0.92–1.1) 0.83
Model 2‡ 1 0.96 (0.86–1.07) 0.97 (0.87–1.08) 0.90 (0.80–1.01) 0.075

Chronic burden
Model 1† 1 1.03 (0.95–1.11) 1.00 (0.92–1.09) – 0.87
Model 2‡ 1 1.04 (0.95–1.13) 0.88 (0.79–0.99) – 0.088

* For P values for trend, an ordinal variable was constructed with the median value of the predictor used as the rank value.
† Model 1 adjusts for age, race and ethnicity, and site of data collection. Psychosocial categories are included as dummy variables. Each psychosocial measure is modeled
separately.
‡ Model 2 adds socioeconomic factors and risk factors for cardiovascular disease to model 1. A 3-category variable for income and a 3-category variable for education were
used as indicators of socioeconomic position. Risk factors for cardiovascular disease included body mass index, smoking status (current, former, never), pack-years smoked,
low-density lipoprotein and high-density lipoprotein cholesterol levels, systolic blood pressure, diastolic blood pressure, use of antihypertensive medication, and diabetes
status.
§ The negative affect score combines anger, anxiety, and depression as described in the Methods section.
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association between coronary calcification and incident
coronary events (for example, a 50% increased risk for
persons with scores of 1 to 100 compared with those with-
out calcium [26]), even small differences in relative preva-
lence (for example, 10% or 15%) would imply clinically
significant effects. However, even for the highest quartile of
psychosocial factors, point estimates were well below these
levels, and upper bounds on the estimates rarely ap-
proached them. Of the 4 previous studies of psychosocial
factors and coronary calcification, 3 focused on the psycho-
social dimensions that we examined. O’Malley and col-
leagues (30) did not find an association between depres-
sion, anxiety, or stress and coronary calcification. Tiemeier
and colleagues (31) and Agatisa and colleagues (32) found
greater odds of coronary calcification associated with de-
pressive disorders or major depression but did not find an
association between depressive symptoms and coronary cal-
cification. The sample studied by O’Malley and colleagues
(30) consisted of young, mostly white male active-duty
military personnel who probably constituted a highly se-
lected group and may have been less likely to report psy-
chosocial symptoms. Agatisa and colleagues (32) studied a
small sample of healthy middle-aged women. The largest
sample was that studied by Tiemeier and colleagues (31),
but it was restricted to persons older than 60 years of age
and included symptomatic and asymptomatic persons.

In contrast to previous work, which has focused on
small samples or samples restricted in sex or age, we inves-
tigated these associations across the continuum of subclin-
ical disease in a large, multiethnic sample of men and
women spanning a broad age range. The variability was
large in measures of coronary calcification in our sample.
With the exception of the chronic burden scale, the psy-
chosocial measures we used were based on well-established

and validated scales. In general, mean levels for depressive
symptoms, anger, and anxiety were similar to those re-
ported in other population-based samples (58–60). Thus,
limited variability in exposure or outcome is unlikely to
explain our null findings. We were not able to investigate
the role of major depression, but no associations were ob-
served when the CES-D score was dichotomized into
scores of 16 or greater (often used as a screening cutoff for
depression) and scores less than 16.

Hostility is the psychosocial characteristic most consis-
tently associated with measures of atherosclerosis in previ-
ous studies, perhaps in part because it has been one of the
most commonly examined measures (58, 61–64). Hostil-
ity was recently found to be associated with coronary cal-
cification in 1 small study of young adults (29), but
O’Malley and colleagues (30) did not find this association
in their study of army personnel. A hostility measure will be
investigated in subsequent follow-ups of the MESA cohort.

The presence of coronary calcium is 1 of several cur-
rently available measures of subclinical atherosclerosis. Al-
though calcium deposits in the coronary arteries indicate
the presence of plaque, the absence of calcium does not
imply that atherosclerosis is not present (65). There is
some evidence that coronary calcification exhibits similari-
ties to bone formation and remodeling (66) and therefore
that the amount of coronary calcium depends not only on
atherosclerotic burden but also on the balance of hormonal
and metabolic factors related to bone formation and tissue
calcification. It is plausible that some physiologic correlates
of psychosocial stress, such as glucocorticoid levels (67) or
inflammatory markers (11), generally are negatively associ-
ated with bone formation and calcification (11, 68–70)
and could therefore be negatively associated with calcifica-
tion of atherosclerotic plaques. Thus, the absence of asso-

Table 4. Adjusted Relative Differences in Coronary Calcification Associated with Psychosocial Characteristics among Participants
with Detectable Calcification Stratified by Sex in the Multiethnic Study of Atherosclerosis, 2000–2002*

Variable Adjusted Relative Difference in Coronary Calcium (95% CI) P Value for
Trend
across
Groups†

Group 1
(Lowest)

Group 2 Group 3 Group 4
(Highest)

Men
Anger 1 0.89 (0.69–1.14) 0.93 (0.7–1.23) 1.01 (0.78–1.31) 0.92
Anxiety 1 0.96 (0.75–1.22) 0.99 (0.75–1.3) 0.81 (0.62–1.06) 0.16
Depression 1 0.94 (0.73–1.2) 0.8 (0.62–1.02) 0.77 (0.58–1.01) 0.046
Combined negative affect score‡ 1 0.95 (0.74–1.22) 0.99 (0.76–1.27) 0.8 (0.61–1.05) 0.16
Chronic burden 1 0.83 (0.67–1.04) 0.88 (0.67–1.16) – 0.18

Women
Anger 1 1.04 (0.78–1.39) 1.14 (0.83–1.58) 1.03 (0.76–1.41) 0.80
Anxiety 1 1.16 (0.85–1.59) 1.1 (0.79–1.52) 0.83 (0.6–1.13) 0.136
Depression 1 0.91 (0.66–1.24) 0.92 (0.68–1.25) 1.14 (0.83–1.56) 0.26
Combined negative affect score‡ 1 0.84 (0.62–1.14) 1.14 (0.84–1.55) 0.93 (0.68–1.27) 0.86
Chronic burden 1 1.03 (0.79–1.33) 1.03 (0.77–1.38) – 0.81

* Estimates shown reflect the proportional increase in the amount of calcium in participants with calcification. For example, a relative difference of 1.5 represents a 50%
increase in the Agatston score. All estimates are adjusted for age, race and ethnicity, site, income, education, and cardiovascular risk factors (see model 2 in Table 3).
† For P value for trend, an ordinal variable was constructed with the median value of the predictor used as the rank value.
‡ The negative affect score combines anger, anxiety, and depression as described in the Methods section.
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ciations of psychosocial factors with coronary calcification
does not completely rule out associations with early athero-
sclerosis. Future analyses of the MESA cohort focusing on
other subclinical measures may help clarify whether this is
the case.

If psychosocial factors are causally related to athero-
genesis, effects must occur over long periods. Thus, cross-
sectional analyses relating current psychosocial characteris-
tics to the existing level of calcification may fail to detect a
relationship if current levels are a poor proxy for cumula-
tive exposure to these factors, or if it is change in psycho-
social characteristics rather than absolute levels that is rel-
evant for atherosclerosis. Limited evidence shows that some
psychosocial factors are relatively stable over time (29, 58,
71, 72). The Spielberger trait anger and trait anxiety scales
were specifically designed to measure relatively stable indi-
vidual attributes (40). Preliminary data from MESA sug-
gest that all of the psychosocial measures we examined are
relatively stable over time (3-year test–retest correlations
ranged from 0.56 to 0.63). If variability in psychosocial
attributes is substantial over time, studies that use a single
measure to characterize long-term exposure could be biased
toward the null. In contrast, single, recent measures may
yield unbiased estimates of the effects of recent exposures
as triggers of events, hence the greater consistency of asso-
ciations observed with clinical outcomes.

Although our sample represented a broad age range, it
was weighted toward the older age groups, resulting in a
high overall prevalence of calcification. Associations of psy-
chosocial factors with atherosclerosis may be more difficult
to detect in situations where the disease is ubiquitous. If
psychosocial factors are related to both the development of
atherosclerosis and the precipitation of clinical events,
cross-sectional analyses of asymptomatic persons (especially
at older ages) may be biased toward the null. Stronger
associations of psychosocial factors with coronary athero-
sclerosis in younger rather than in older persons have been
previously reported (73). However, we did not find any
evidence of stronger associations in the younger age groups
in our sample.

Anger, anxiety, depression, and chronic stress burden
were not related to coronary calcification in this large, mul-
tiethnic sample of asymptomatic adults. Although our re-
sults do not disprove the presence of a causal relationship
between psychosocial factors and atherosclerosis, they do
not support this hypothesis. As follow-up of the MESA
cohort continues, it will be possible to examine associations of
psychosocial factors with other measures of subclinical athero-
sclerosis and the role of such factors in precipitating clinical
events in persons with varying levels of subclinical disease.
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