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Objective: Coronary artery calcification (CAC) has been associated with psychosocial factors in some but not all cross-sectional
analyses. The goal of this study was to determine whether positive and negative psychosocial factors prospectively predict CAC
progression in postmenopausal women. Methods: Participants from the Healthy Women Study who also participated in the Pittsburgh
Mind-Body Center protocol (n = 149) completed self-report psychosocial measures before two electron beam computed tomographic
scans of CAC separated by an average of 3.3 years. Results of exploratory factor analysis were used to create aggregate psychosocial
indices: psychological risk (depressive symptoms, perceived stress, cynicism, and anger-in) and psychosocial resources (optimism,
purpose in life, mastery, self-esteem, and social support). Results: The psychological risk index predicted significantly greater CAC
progression over 3 years (A = 0.16, p = .035, $R2 = 0.03), whereas the psychosocial resources index was not predictive of CAC
progression (A = j0.08, p = .30, $R2 = 0.01). On individual scales, higher scores on cynicism emerged as a significant predictor
of CAC progression, along with a trend linking anger-in to atherosclerosis progression. A post hoc analysis showed a significant
interaction between cynicism and anger-in (A = 0.20, p = .01, $R2 = 0.03), such that women reporting high levels of both cynicism
and anger suppression exhibited the most CAC progression. Conclusions: These findings highlight psychosocial risk factors that
may accelerate the progression of subclinical atherosclerosis in older women, suggest the potential importance of examining combinations of psychosocial risk factors, and identify potential targets for psychological interventions to reduce cardiovascular risk.
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CAC = coronary artery calcification; CVD = cardiovascular disease;
EBCT = electron beam computed tomography; HWS = Healthy
Women Study; IMT = intima-media thickness; PMBC = Pittsburgh
Mind-Body Center.

INTRODUCTION
sychosocial factors have been associated with incident cardiovascular disease (CVD) in women and men. We recently
completed a review of the literature concluding that factors such
as stress, anger-in, and low levels of positive psychological factors are prospectively associated with cardiovascular health in
women (1). Because technologies to noninvasively image subclinical atherosclerosis have become increasingly available and
reliable, there is a growing literature linking psychological factors to early subclinical CVD. These measures are particularly
important for understanding links between psychological factors and cardiovascular risk in women, given that women tend
to develop symptomatic CVD later in life than men.
Electron beam computed tomography (EBCT) permits quantification of calcification in the coronary arteries, a measure that
significantly predicts future cardiovascular events (2). Coronary
artery calcification (CAC) scores are associated with certain
psychological attributes in some but not all cross-sectional
studies. For example, depressive disorders, particularly recurrent depression, have been linked to calcification in both women
and men (3Y5), but continuous measures of depressive symptoms showed no significant association with CAC across eight
studies (5Y12). Similarly, hostility has been concurrently associated with CAC in some (12,13) but not all studies (6,9Y11).
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Cross-sectional investigations provide limited information
about the links between psychosocial factors and CAC, and
more prospective data are needed to clarify the temporal nature
of any relationship. With the exception of two recent articles
from the Study of Women’s Health Across the Nation (14,15),
no published studies to date have identified the prospective
psychological predictors of calcification progression over time.
In the two articles that have examined CAC progression, both
recurrent major depression and depressive symptoms were associated with greater progression of CAC among middle-aged
women (14,15). These longitudinal analyses have important
clinical implications. If psychological factors can hasten or
slow the progression of subclinical atherosclerosis in healthy
women, they may represent targets for behavioral interventions
to reduce the burden of CVD among women.
Another limitation of existing reports is the focus on negative psychological factors, such as depressive symptoms (3Y11),
anxiety (6,10), hostility (6,9,10), and stress (6,9,11). Given
mounting scientific evidence that positive psychological characteristics can affect biologic processes and physical health
(16,17), the relationship between positive psychological factors and subclinical atherosclerosis warrants further investigation. Two recent studies (9,11) included measures of positive
psychosocial attributes such as optimism, social support, and
self-esteem with neither finding significant cross-sectional associations between positive psychological characteristics and
CAC. To date, no studies have investigated whether positive
psychosocial factors predict CAC progression prospectively.
The goal of the current study was to examine both positive
and negative psychosocial factors as predictors of coronary
calcification progression. We hypothesized that women who
scored high on measures of negative psychosocial attributes
and states would exhibit greater CAC progression, whereas
women who endorsed high levels of positive psychosocial attributes would show less progression of CAC over time. These
hypotheses were tested in a sample of initially healthy, postmenopausal women.
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METHODS
Participants
The 149 women in the analytic sample were enrolled in the Healthy
Women Study (HWS) and also participated in an ancillary protocol as part of
the Pittsburgh Mind-Body Center (PMBC) to determine whether there are common pathways to diverse diseases. The PMBC protocol included assessment of a
range of psychological attributes and health behaviors. Eligible participants had
at least two EBCT assessments after completion of the PMBC protocol and did
not have a history of CVD.
The HWS began in 1983 to 1984 with 541 premenopausal women aged
42 to 50 years who did not have diabetes or hypertension. The institutional
review board of the University of Pittsburgh approved all research procedures.
Of the 421 women invited to participate in the PMBC protocol starting in
1999, 379 completed self-report measures of psychosocial attributes. Of these
women, 249 had at least two EBCT scans, with 168 women having two scans
after the PMBC protocol (median time between completion of PMBC measures
and first EBCT = 322 days [range, 3Y1083 days]; median time between CAC
scans = 3.2 years [range, 256Y1786 days]). Nineteen women who reported a
history of heart disease were excluded. Differences between the 149 women
included in analyses and the 230 women who did not complete the EBCT
protocol or who were excluded because of history of heart disease were modest.
Women included in the analyses were slightly younger (64.17 versus 65.05 years)
and reported slightly fewer depressive symptoms (4.26 versus 5.46) and less
perceived stress (12.11 versus 13.79) than those not included; there were no other
differences with regard to psychosocial or cardiovascular risk factors.

Psychosocial Factors
As part of the PMBC protocol, participants completed a packet of standardized questionnaires between 2000 and 2003. Measures included an abbreviated 10-item version of the Center for Epidemiological Studies Depression
Scale (18), a measure of depressive symptoms in the past week; the 10-item
Perceived Stress Scale (19), which assesses perceived stressfulness of life in the
past month; an abbreviated six-item cynicism subscale of the Cook-Medley
Hostility Scale (20), which taps cynical or mistrustful attitudes toward others;
the eight-item anger-in subscale of the Spielberger Anger Inventory (21), which
assesses the tendency to suppress anger or keep it in; the six-item Revised Life
Orientation Test (22), a measure of dispositional optimism; the six-item Life Engagement Test (23), a measure of purpose in life; the seven-item Pearlin Mastery
Scale (24), which assesses perceived control over important life outcomes; an
abbreviated four-item Rosenberg Self-Esteem Scale (25); and an abbreviated 12item Interpersonal Support Evaluation List (26), a measure of perceived availability of social support. Abbreviated measures of depressive symptoms, cynicism,
self-esteem, and perceived social support were used to minimize participant bur-

den and were based on published psychometric analyses (27,28) and validation
by the PMBC investigators.
We first conducted exploratory factor analysis with varimax rotation to
determine whether the psychosocial measures formed coherent factors. Analyses yielded a two-factor solution accounting for 59% of the variance, with
all factor loadings exceeding 0.54. Factor 1 (eigenvalue = 3.08) accounted for
34% of the variance after rotation, whereas Factor 2 (eigenvalue = 2.21) accounted for 25% of the variance. Factor 1, the psychological resources factor
(> = 0.91), included optimism, purpose in life, self-esteem, mastery, and perceived social support. Factor 2, the psychological risk factor (> = 0.92), included the measures of depressive symptoms, perceived stress, cynicism, and
anger-in. To create aggregate psychosocial indices, standardized scores on
measures for each factor were averaged. The two factors were significantly
inversely correlated (r = j0.63, p G .001).

Coronary Calcification
An EBCT-trained technician used an Imatron C150 scanner (Imatron, South
San Francisco, CA) and its densitometric program to assess the extent of calcification in the coronary arteries. During coronary scanning, 30 to 40 contiguous 3-mm-thick transverse images were obtained from the level of the aortic
root to the apex of the heart. The participant was asked to hold her breath during
the time of scanning. From these images, we derived Agatston (29) calcium scores
for the coronary arteries. Coronary artery calcium lesions were considered to be
present when three contiguous pixels greater than 130 Hounsfield units were
detected. The total calcium score was a combination of volume and lesions.

Covariates
Age at questionnaire completion (mean = 64 years [range, 61Y68 years])
and time between both questionnaire completion and the first CAC scan and
between the two CAC assessments were included as covariates in all analyses.
Body mass index (BMI) and systolic blood pressure from the examination
closest to the first CAC scan were also included as covariates. These covariates
were selected for inclusion on the basis of previously published associations
with CAC progression in another sample of middle-aged women (14). Analytic
results did not differ significantly when current smoking status, high-density
lipoprotein cholesterol, low-density lipoprotein cholesterol, triglycerides, current
statin use, glucose level, and physical activity at baseline were included as additional covariates.

Statistical Approach
As in the Multi-Ethnic Study of Atherosclerosis (30), CAC progression over
time was calculated as the difference between the log-transformed total calcification
score measured at the first and second scans (i.e., ln[second CAC + 25] j ln[first

Figure 1. Distribution of coronary artery calcification (CAC) progression scores by absence/presence of baseline CAC.
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CAC + 25]). Hierarchical regression models were used to predict CAC progression, entering covariates (i.e., age, BMI, systolic blood pressure, baseline CAC,
and time between assessments) in the first block and either psychological risk or
resources in the second block. For psychosocial indices that emerged as significant predictors, individual scales comprising that index were entered into separate
regression analyses to determine which aspects of psychological risk or resources
were significantly associated with CAC progression. Because of reports that
progression occurs in those with any CAC in several other studies (e.g., Matthews
et al. (14); Fig. 1), we also conducted stratified analyses to determine whether
associations between psychosocial predictors and CAC progression differed between women with ‘‘no baseline CAC’’ and those with ‘‘any CAC.’’ A p G .05
was considered statistically significant.

RESULTS
Women were in their late 60s by the first CAC scan and
were mostly white and overweight (Table 1). Covariates accounted for 19% of the variance in CAC progression, with both
baseline CAC (A = 0.38, p G .001) and BMI (A = j0.17, p =
.03) significantly associated with progression score.
Consistent with previous cross-sectional analyses of this
sample (9), neither the psychosocial resources index ($R2 G
0.001) nor the psychological risk index ($R2 G 0.001) was
significantly associated with baseline CAC (Table 2). In hierarchical regression analyses with index scores, the psychosocial resources index was not significantly associated with CAC
progression ($R2 = 0.01). In contrast, the psychological risk
index predicted significantly greater CAC progression over 3 years
($R2 = 0.03, p = .035). The psychological risk index predicted
CAC progression only for those 79 participants with any CAC
at baseline (A = 0.22, $R2 = 0.04, p = .047) and was not significantly predictive of progression for the 70 women without
any calcification at baseline (A = j0.07, $R2 = 0.01, p = .57;
presence of CAC-by-psychological risk interaction: A = 0.21,
p = .059).
When separate scales from the psychological risk index were
entered as predictors into regression models, cynicism emerged
as a significant predictor of greater CAC progression ($R2 =
0.02, p = .040). Anger-in was predictive of marginally greater
CAC progression ($R2 = 0.02, p = .091). As reported in Table 2,
neither depressive symptoms nor perceived stress was significantly associated with change in CAC.
As a post hoc analysis, we were interested in testing whether
cynicism and anger-in interacted to predict CAC progression be-

TABLE 2. Standardized A’s From Regression Analyses Linking
Psychosocial Predictors to CAC Outcomes
Psychosocial Predictor

Baseline CAC

CAC Progression

Psychological risk index

j0.014

0.160a

Depressive symptoms

j0.024

0.064

Perceived stress

j0.051

0.117

Cynicism

j0.018

0.156a

Anger-in

0.046

0.131b

j0.018

j0.079

Optimism

j0.007

j0.010

Purpose in life
Mastery

j0.023
j0.014

j0.107
j0.061

Self-esteem

j0.039

Psychological resources index

Social support

0.016

0.009
j0.130b

All associations adjusted for age, time between questionnaire completion and
CAC assessment, body mass index, and systolic blood pressure; associations
with CAC progression also adjusted for baseline CAC and time between CAC
assessments.
a
p G .05.
b
p G .10.
CAC = coronary artery calcification.

cause it seemed plausible that a tendency to suppress emotions
(i.e., anger-in) might predict health only when there are high
levels of negative emotions (i.e., anger resulting from cynical
attitudes) to suppress (31,32). Both variables were centered to
facilitate interpretation and reduce multicollinearity, and significant interactions were analyzed via the method of Aiken and
West (33) for continuous variables. As in planned analyses, covariates were entered on Step 1; anger-in and cynicism, on Step 2;
and the product of the two centered variables, on Step 3. A significant interaction emerged (A = 0.20, p = .012, $R2 = 0.03).
Analyses of the simple slopes tested the relation of anger-in with
CAC progression as a function of cynicism at 1 SD above and
below the mean. As displayed in Figure 2, the effect of anger-in
was significant when cynicism was high (t = 2.27, df = 56, p =
.025) but not when levels of cynicism were low (t = j0.95,
df = 56, p = .34). Similarly, the effect of cynicism was significant

TABLE 1. Sample Characteristics (n = 149)
Variable
Age at questionnaire completion, M (SD)

64 (1.59)

White, n (%)
Systolic blood pressure, M (SD), mm Hg

140 (94)
123.4 (17.43)

Body mass index, M (SD), kg/m2

27.51 (5.35)

Baseline CAC score, n (%)
0

70 (47.0)

1Y9

29 (19.5)

Q10

50 (33.6)

Absolute change in CAC score, M (SD)

33.14 (94.09)

M = mean; SD = standard deviation; CAC = coronary artery calcification.

Figure 2. Effect of high (mean + standard deviation) versus low (mean j standard
deviation) anger-in (ANG-in) and cynicism (CYN) on natural log of coronary
artery calcification (CAC) progression.
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when anger-in was high (t = 2.62, df = 56, p = .010) but not when
anger-in was low (t = j0.72, df = 56, p = .47). Women who
were high in both anger-in and cynicism had the greatest CAC
progression, relative to those who had lower scores on either or
both psychosocial measures. Consistent with the results reported
for the psychosocial risk index, the effect of cynicism, anger-in,
and their interaction approached or exceeded statistical significance only for women with some baseline CAC (data not shown;
interaction between presence of CAC and cynicism, A = 0.14,
p = .26; interaction between presence of CAC and anger-in, A =
0.27, p = .016; interaction among presence of CAC, anger-in,
and cynicism, A = 0.14, p = .31).
DISCUSSION
In a sample of relatively healthy postmenopausal women, we
observed a prospective association between negative psychosocial factors and CAC progression over 3 years. Although an
aggregated index of negative psychosocial factors predicted
greater CAC, this effect seems to be driven by significantly
greater CAC progression among women who are both highly
cynical and prone to anger suppression. The finding that the
combination of cynicism and anger suppression may be cardiotoxic is consistent with results from an older cross-sectional
study, which documented that hostility and anger-in interacted
to determine extent of angiographically determined atherosclerosis among (mostly male) patients (31) (although note that
this methodological approach has since been criticized (34)).
Our findings are somewhat inconsistent with previous studies of
carotid intima-media thickness (IMT), another noninvasive marker
of subclinical atherosclerosis that is moderately correlated with
CAC (35). Although both cynical hostility and anger suppression
have been associated with carotid IMT in cross-sectional analyses (36,37), neither predicts progression of IMT longitudinally
(38,39), with one exception. A study of 119 middle-aged men
found that the interaction between cynical hostility and angerin was nonsignificant but that cynicism and anger control (i.e.,
efforts to control angry feelings by avoiding open expression of
irritation or aggression) additively predicted 2-year progression
of carotid atherosclerosis (32). To our knowledge, the current
study is the first to suggest that the combination of hostility
and anger suppression predicts progression of CAC in initially
healthy women. Results highlight the importance of examining
the combination of negative attitudes relevant to emotional experience (in this case, frequent hostile cognitions) and differences
in emotion regulation or expression to identify individuals at
risk for CVD.
Consistent with results from another sample (14), psychosocial risk factors were significantly predictive of CAC progression only for women who had initial CAC at baseline. This
suggests that the trajectory to CAC progression in late life may
begin before women are in their mid-50s and that those who
have developed a significant atherosclerotic burden evidenced
by CAC by midlife may be more vulnerable to the effects of
psychosocial and other risk factors. CAC by EBCT measures
calcified plaque as an estimate of total plaque burden (both
calcified and noncalcified). It is possible that psychosocial risk
792

factors accelerate the natural history from soft, potentially unstable to more stable plaque. More likely, however, our findings
indicate that psychosocial factors predict increasing atherosclerotic burden over time in midlife women.
Contrary to hypotheses, results revealed no significant association between positive psychosocial resources, including
optimism, purpose in life, self-esteem, mastery, and perceived
social support, and CAC progression. Relative to psychological risk factors such as negative emotions and stress, protective
factors have received limited empirical attention as potential
predictors of CVD (1). Optimism has been prospectively linked
to incident CVD in women (40), as well as progression of carotid
IMT (41), but an earlier analysis of the HWS cohort reported
that positive factors were cross-sectionally associated with aortic
but not coronary calcification (9). Perhaps positive psychosocial
factors are more important once CVD has developed, helping
individuals to cope with medical procedures and symptoms and
to sustain adherence to medication and lifestyle changes.
A recent article by Rozanski and colleagues (11) highlighted
an intriguing difference in findings of cross-sectional versus longitudinal studies linking psychological risk factors and CAC.
They argued that studies examining concurrent measures of
psychological risk tend to report null results, whereas those that
measured psychological factors several years before CAC scanning reported positive results. This discrepancy parallels the
observed associations between CAC and traditional CVD risk
factors such as low-density lipoprotein cholesterol assessed
prospectively but not concurrently (42). The current study contributes to this literature by demonstrating that psychosocial
factors assessed before CAC predicted change in CAC over several years, whereas previous analyses of this same cohort reported
no significant cross-sectional association between positive or negative psychosocial attributes and CAC (9). Because this is only
the second sample in which psychosocial factors have been examined as predictors of CAC progression (14,15), more research
is needed to determine whether emotional and social factors
predict not only presence or extent of calcification at a single time
point but also the extent of change in calcification over time.
This study has several limitations. First, participants in our
sample were predominantly well-educated white women, and
findings may not generalize to other racial or socioeconomic
groups. Second, the sample was relatively small, which may
have limited statistical power to detect effects. Third, psychological attributes and states were assessed at a single time point,
when women were in their mid-60s. Given that atherosclerosis
develops over the life course, the association between psychosocial factors and atherosclerosis may be strongest when chronic,
cumulative emotional or social factors (e.g., recurrent major depression, consistently low level of social support) are assessed
(11). Repeated assessment of psychosocial factors may be particularly important to understanding the role of positive attributes and coping resources in the development of CVD because
these factors may be particularly likely to exhibit variability over
time as participants age (43Y45). Assessment of psychosocial
risk and protective factors was also limited to self-report in this
study; given that some cross-sectional reports find associations
Psychosomatic Medicine 73:789Y794 (2011)
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between spousal reports of psychological traits and CAC but not
self-reported traits (12), our reliance on self-reports could have
resulted in an underestimation of some associations. A final
limitation of the study was the use of abbreviated measures
(e.g., cynicism scale reduced to 6 items from 13 items), which
may limit comparability to previous work. Strengths of the study
include the examination of a wide range of psychosocial measures, prospective design, and focus on older women without
history of frank CVD.
In summary, our results suggest that psychosocial risk factors, particularly the combination of cynical attitudes and a
tendency to suppress anger, predict greater increases in CAC
among relatively healthy older women. These findings highlight psychosocial risk factors that may accelerate the progression of subclinical coronary atherosclerosis and that may
therefore represent potential targets for psychological intervention. Interventions aimed at reducing cynical attitudes and/or
encouraging constructive expression of anger may not only
benefit psychological well-being but could also alter the trajectory of cardiovascular risk among older women.
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