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Abstract

Background/Purpose—Given that emotional risk factors for coronary artery disease (CAD) tend
to cluster within individuals, surprisingly little is known about how these negative emotions might
influence one another over time. We examined the longitudinal associations among measures of
depressive symptoms and hostility/anger in a cohort of 296 healthy, older adults.

Methods—~Participants completed the Beck Depression Inventory-11 (BDI-11), Cook-Medley
Hostility (Ho) scale, and Anger-In and Anger-Out subscales of the State-Trait Anger Expression
Inventory at baseline and 6-year follow-up. We conducted a series of path analyses to evaluate the
directionality of the depression-hostility/anger relationship.

Results—Baseline Ho scale was a predictor of 6-year increases in BDI-11 (5 =.15, p =.004), Anger-
In (8 =.14, p =.002) and Anger-Out (5 = .11, p = .01). In contrast, baseline BDI-II, Anger-In, and
Anger-Out did not predict change in any of the emotional variables. Additional path analytic models
revealed that the pattern of relationships was not altered after controlling for demographic,
biomedical, and behavioral covariates; anxiety symptoms; social support; and subjective sleep
quality.

Conclusions—The present results suggest that the cognitive aspects of hostility/anger may precede
and independently predict future increases in depressive symptoms but not vice versa. Our findings
lead us to speculate that (a) hostility may exert part of its cardiotoxic influence by acting to precipitate
and/or maintain symptoms of depression and that (b) the potency of depression interventions
designed to improve cardiovascular outcomes might be enhanced by incorporating treatments
addressing hostility.
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It has long been hypothesized that emotional factors may play a role in the development and
progression of coronary artery disease (CAD) (1). Supporting this notion, two meta-analyses
of prospective cohort studies involving initially healthy individuals revealed that persons with
elevated depressive symptoms have a 64% greater risk of CAD than do those with lower
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symptoms levels (2,3). Greater depressive symptom severity also has been associated with an
elevated risk of cardiovascular events and mortality in samples of cardiac patients (4).
Likewise, in another recent meta-analysis of longitudinal studies (5), it was found that hostility/
anger is associated with an increased risk of CAD among initially healthy persons (hazard ratio
=1.19) and with poorer prognosis among cardiac patients (hazard ratio = 1.24).

A substantial body of literature indicates that emotional risk factors for CAD tend to cluster
within individuals (6), and recent evidence raises the possibility that negative emotions may
act together to increase CAD risk (7,8). Correlations between self-report measures of
depressive symptoms and hostility/anger typically fall in the moderate (0.25-0.60) range (9—
11), indicating that these construct share about 6% to 36% of their variance. It is worth noting
that the positive association between depression and hostility/anger is robust, as it has been
observed across hostility/anger measures that vary in terms of their conceptual definitions (e.g.,
cynicism, anger experience, and anger suppression/expression) and has been detected in a wide
range of populations, including among men and women (12,13), college students (14), older
adults (7), and medical/psychiatric patients (15,16). Although few studies have simultaneously
examined multiple negative emotions as predictors of CAD-related processes and outcomes
(6), results of two recent investigations indicate that depressive symptoms and hostility may
interact and exert a synergistic effect on circulating levels of interleukin-6 and C-reactive
protein (7,8), two inflammatory markers predictive of future cardiovascular events (17,18).

Due to the dearth of prospective studies, however, little is known about how these emotional
risk factors might affect one another over time — information that could help elucidate the ways
in which depression and hostility/anger may jointly influence CAD risk. Smith’s psychosocial
vulnerability model (19,20) posits that hostility may contribute to CAD by virtue of its
relationship with other psychosocial factors, such as reduced social support and increased
interpersonal conflict, life stress, anxiety, and depression. The transactional model (19,20)
extends this theory by proposing the cynical cognitions and antagonistic behaviors of hostile
individuals lead to the development of this toxic psychosocial environment. Similarly, in Kop’s
biobehavioral model of CAD (21), it is asserted that chronic psychological factors (e.g.,
hostility) increase risk for CAD in part by promoting the onset of episodic psychological risk
factors (e.g., depression), which themselves are linked to pathophysiological factors thought
to play a role in CAD (e.g., autonomic nervous system dysfunction).

Results of the four previous studies that have examined the longitudinal relationship between
depression and hostility/anger provide some support for the aforementioned theories.
Specifically, Miller and colleagues (22) found that, among Mexican Americans, irritability
predicted greater increases in the somatic symptoms of depression over 11 years. In a
community sample, Reinherz et al. (23) detected a positive relationship between teacher-rated
hostile behavior at age 6 and major depressive disorder in early adulthood. Likewise, Siegler
and colleagues (24) observed that both hostility at college entry and change in hostility from
college to midlife predicted future depressive symptom severity in a sample of predominantly
white men. Recently, Heponiemi et al. (25) found that, among young adults, hostility predicted
greater increases in depressive symptoms over a 5-year period. Thus, the available evidence,
albeit limited, suggests that hostility/anger precedes and predicts depression. To our
knowledge, the possibility that depression may be a predictor of later hostility/anger has not
been empirically evaluated, although theoretical models have been put forward (26).

The objective of our study was to address four remaining questions in this literature. One, what
is the directionality of the depression-hostility/anger relationship? Two, what role does anxiety
play in this association? Self-report measures of anxiety are known to correlate strongly with
depressive symptom measures (27) and moderately with hostility/anger measures (10,28,29).
Furthermore, in one study in which anxiety was taken into account, the positive association
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between depressive symptoms and trait anger became nonsignificant after adjustment for trait
anxiety (28). Three, does low social support and/or poor sleep quality partially explain the link
between depression and hostility/anger? Low social support and poor sleep quality are among
the leading candidate mediators of the relationship of interest, given that both factors have been
found to be inversely associated with both depression and hostility/anger in cross-sectional
studies (13,30,31) and to predict subsequent depression in prospective studies (25,32). Four,
is the magnitude of the relationship of interest greater for particular depressive symptom
clusters? Previous research suggests that somatic symptoms of depression may be more
strongly related to hostility/anger than are the cognitive and affective symptoms (22). To
address these questions, we examined data collected as part of a 6-year prospective cohort
study of healthy, community-dwelling, older adults. The knowledge gained from this and
similar studies could have important implications for the field of cardiovascular behavioral
medicine, as (a) it could be used to evaluate existing theories positing the ways in which
depression and hostility/anger may work together to influence CAD risk and (b) it could inform
the development of emotional interventions designed to improve cardiovascular outcomes.

Participants were 296 men and women involved in the Pittsburgh Healthy Heart Project
(PHHP), a 6-year prospective cohort study of healthy adults aged 50-70 years residing in the
Pittsburgh metropolitan area. The University of Pittsburgh institutional review board approved
this study. Participants provided written informed consent and were paid $700 for attending
the baseline and 6-year visits. Recruitment procedures and inclusion/exclusion criteria have
been described in detail elsewhere (33). Individuals with a history of chronic disease generally
were not eligible; however, persons with diabetes who were not taking insulin, those with a
history of cancer but no treatment in the past two years, and those with mild or moderate
rheumatoid arthritis were allowed to enroll. A total of 296 (64%) of the 464 enrolled adults
attended the 6-year visits and were included in this report (see Table 1 for demographic
characteristics).

Measures and Procedure

We examined data collected during the PHHP baseline (1998-2000) and 6-year follow-up
(2005-2006). Participants attended 11 baseline visits, which included a medical screen, seven
visits for ambulatory monitoring training and questionnaire assessments on a computer, one
visit for reactivity testing, and two visits for ultrasound assessments of subclinical
cardiovascular disease. Approximately six years later (M = 6.3, SD = 0.2), participants returned
for six follow-up visits, during which a medical update, questionnaire assessments, ambulatory
monitoring training, ultrasound assessments, and autonomic testing were completed.

Depressive Symptoms—-Participants were administered the Beck Depression Inventory-
11 (BDI-II) (34) at the third baseline and follow-up visits (see Table 2). The BDI-II is a widely
used, 21-item self-report measure of depressive symptom severity that has been shown to have
high internal consistency, test-retest reliability, and construct validity (34,35). Due to an
oversight while constructing the computerized version, participants were asked to rate the
severity of their depressive symptoms over the past week (the time frame for the original BDI)
instead of the past two weeks (the usual time frame for the BDI-11). We also computed two
BDI-11 subscale scores — a cognitive-affective score (sum of items 1-3, 5-9, 13, and 14) and
a somatic-vegetative score (sum of items 4, 10-12, and 15-21) (35). The BDI-II total scores,
cognitive-affective scores, and somatic-vegetative scores were log (X;+1) transformed to
decrease positive skew.
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Hostility/anger—Hostility/anger is a broad personality dimension consisting of cognitive
(cynicism and mistrust), affective (anger), and behavioral (verbal/physical aggression) aspects
(36). In this study, participants completed the Cook-Medley Hostility (Ho) scale (37) at fourth
baseline and follow-up visits and the Anger-In and Anger-Out subscales of the State-Trait
Anger Expression Inventory (STAXI) (29) at the ninth baseline and fourth follow-up visits
(see Table 2). The Ho scale is a 50-item, true-false instrument derived from the Minnesota
Multiphasic Personality Inventory that has adequate internal consistency and moderate to high
test-retest reliability and construct validity (11,38,39). One item was accidentally omitted from
the baseline Ho scale; the value for this item was imputed by taking the mean of the other items
for each participant. We computed the total score for the 27-item version of the Ho scale (40)
instead of the original 50-item version at both baseline and follow-up because only the 27-item
version was administered during the 6-year visits. Furthermore, evidence suggests that the 27-
item version may be a stronger predictor of health outcomes than the full Ho scale (40). The
Anger-In and Anger-Out subscales of the STAXI, each of which consist of eight items rated
on a 1-4 scale, were designed to measure how often one suppresses angry feelings and how
often one expresses anger toward others or objects, respectively. The STAXI has been found
to have high internal consistency, test-retest reliability, construct validity (29,41).

A factor analysis conducted on multiple measures of hostility/anger revealed that a three-factor
solution provided the best fit to the data; the Ho scale and Anger-In loaded on the cynical
cognition factor, and Anger-Out loaded on the angry affect and behavioral aggression factors
(42). Another large factor analysis yielded similar results, except that Anger-In loaded on the
neuroticism factor instead of the alienation-suspicion factor, which included cynicism (43). In
light of these results, we consider the Ho scale to be an indicator of the cognitive aspects of
hostility/anger, Anger-In to be a mixed indicator of the cognitive and affective aspects, and
Anger-Out to be a mixed indicator of the affective and behavioral aspects.

Other Psychosocial Factors—To assess anxiety symptoms (past week), the perceived
availability of social support (current), and subjective sleep quality (past month), participants
were administered the 21-item Beck Anxiety Inventory (BAI) (44), 40-item Interpersonal
Support Evaluation List (ISEL) (45), and Items #2 (sleep latency) and #4 (sleep duration) of
the Pittsburgh Sleep Quality Index (PSQI) (46) at baseline. The BAI, ISEL, and PSQI each
have demonstrated satisfactory psychometric properties, including at least adequate internal
consistency, test-retest-reliability, and construct validity (45-47). Mean scores on the BAl and
ISEL were 5.0 (SD = 4.7) and 97.4 (SD = 14.2), respectively. The average sleep latency was
12.7 minutes (SD = 13.4), and the average sleep duration was 6.9 hours (SD = 1.1). The BAI
total score and PSQI Item #2 were both log (X;+1) transformed to minimize positive skew.

Biomedical and Behavioral Factors—During the baseline visits, participants completed
questionnaires and interviews to assess the following factors: age (years), sex (0 = male, 1 =
female), race-ethnicity (1 = white, 2 = black, 3 = Asian, 4 = Hispanic, 5 = other), education
level (0 = high school or less, 1 = more than high school), history of various medical conditions
(including diabetes, rheumatoid arthritis, and cancer), antidepressant use (0 = no, 1 = yes),
smoking status (0 = nonsmoker, 1 = smoker), daily alcohol intake, and physical activity level
(see Table 1 for descriptive statistics). Because only six participants selected the Asian,
Hispanic, or other categories, race-ethnicity was recoded into a binary variable (0 = white, 1
= non-white). Daily alcohol intake (g/day) was calculated using a quantity-frequency method
(48). Physical activity level was computed by first converting the number of blocks walked
and stairs climbed per day reported on Paffenbarger Physical Activity Questionnaire (49) to
kilocalories per week and then summing these values. At the baseline medical screen,
anthropometric measurements were also obtained, and body-mass index (BMI) was calculated
as kg/m2. To reduce positive skew, daily alcohol intake was log (X;+1) transformed and
physical activity level was square root transformed.
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Statistical Analysis

We performed preliminary analyses to evaluate the internal consistency of the emotional
measures (Cronbach’s alphas), to examine the cross-sectional relationships among these
measures (bivariate correlations), and to characterize the change over time observed in these
measures (paired-samples t tests). Then, we conducted a series of measured variable path
analyses using LISREL 8.8 (50) to address the key questions of this study. Path analysis has
several advantages over traditional regression analysis, such as the ability to predict multiple
outcomes and handle missing data, both of which result in more accurate parameter estimates.
We conducted measured variable path analyses because our sample was not of adequate size
to perform latent variable path analyses (i.e., the cases/parameters ratio would have fallen
below accepted standards) (51). To assess model fit, we examined two goodness-of-fit statistics
— the model chi-square and the root mean square error of approximation (RMSEA) (51). The
model chi-square is an index of absolute fit between the hypothesized model and the observed
pattern of associations among measured variables; a nonsignificant model chi-square statistic
is indicative of acceptable model fit. The RMSEA is a parsimony-adjusted index, as it corrects
the absolute fit estimate for the complexity of the hypothesized model. RMSEA is indicative
of close fit when it is < .05, reasonable fit when it is between .05-.08, and poor fit when it is
> .10 (52). Parameters were estimated by full information maximum likelihood, a method that
uses all of the observed data and is preferable to traditional missing data approaches (53).

To evaluate the directionality of the depression-hostility/anger relationship, two path analytic
models were constructed. The first model included BDI-I1, Ho scale, Anger-In, and Anger-Out
measured at baseline and follow-up. Of these eight variables, those assessed at the same time
point were allowed to correlate with one another. We also adjusted follow-up BDI-11, Ho scale,
Anger-In, and Anger-Out for their corresponding baseline score by including structural paths
between these variables. Thus, the follow-up variables represent residualized change scores
(e.g., 6-year change in BDI-II). In addition, we connected each baseline variable to each of the
remaining follow-up variables with a structural path. The two exceptions were that structural
paths from baseline Anger-In to follow-up Anger-Out and vice versa were omitted because (a)
including them would have resulted in a saturated model (precluding an evaluation of model
fit) and (b) these paths were not relevant to the key questions of this study. Of note, neither of
these paths was significant when added to this model (both ps > .21).

In order to ascertain whether any of the observed relationships was due to potential
confounders, we constructed a second model that included demographic (age, sex, race-
ethnicity, and education level), biomedical (history of diabetes, rheumatoid arthritis, and
cancer; antidepressant use; and BMI), and behavioral (smoking status, daily alcohol intake,
and physical activity level) covariates measured at baseline. Each of these control variables
was allowed to correlate with each of the baseline variables, including the other covariates.
Because the selected covariates were plausible predictors of longitudinal changes in depressive
symptom severity and hostility/anger, each control variable was linked to each follow-up
variable with a structural path.

To determine the influence of anxiety on any relations observed among the measures of
depressive symptoms and hostility/anger, baseline BAI was added to the second model. Like
the other control variables, it was allowed to correlate with the other baseline variables and
was connected to each follow-up variable with a structural path. In addition, to explore whether
low social support and poor sleep quality might be mediators of any observed associations,
two sets of baseline variables (Set 1 = ISEL; Set 2 = PSQI Items #2 and #4) were added, one
set at a time, to the second model. These variables, which were allowed to correlate with the
other baseline variables, were linked to each follow-up variable with a structural path. Finally,
to examine whether the magnitude of any observed relationships was greater for particular
clusters of depressive symptoms, we repeated the second model after substituting BDI-11
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cognitive-affective and somatic-vegetative scores at baseline and follow-up for the
corresponding BDI-II total scores. A chi-square difference test was conducted to determine
whether the freely estimated models (coefficients for the BDI-I1 subscales were estimated
separately) yielded better data-model fit than the constrained models (coefficients for the BDI-
Il subscales were set to be equal).

As can be seen in Table 2, the Cronbach’s alphas were acceptable and similar in magnitude
for all of the emational measures, demonstrating that these measures had at least adequate
internal consistency. Bivariate correlations indicated that the cross-sectional relationships
between BDI-II and the Ho Scale and Anger-In were moderate in size at both baseline and
follow-up (r =.20-.32). In contrast, the magnitude of associations between BDI-Il and Anger-
Out fell in the small range (r = .08-.13). Paired-samples t tests revealed that, at the group level,
scores on the BDI-II [t(288) = —5.06, p < .01] and Ho scale [t(286) = 8.43, p < .01] increased
during the follow-up period, whereas scores on Anger-In [t(282) = —5.89, p <.01] and Anger-
Out [t(282) = 1.99, p = .047] decreased. As is evidenced by the relatively large variability in
the arithmetic difference scores (SD = 2.4-4.5), there were considerable individual differences
in change over time in each emotional factor.

We constructed two path analytic models to evaluate the directionality of the depression-
hostility/anger relationship. The first model included only the emotional variables of interest
and showed close fit to the data, %2 (2, N = 296) = 1.62 (p = .44), RMSEA = 0.000. As can be
seen in Figure 1, baseline BDI-II (8 = .43, p < .001), Ho scale (5 = .66, p < .001), Anger-In
(8= .61, p<.001), and Anger-Out (8 = .66, p < .001) were each strongly related to their
corresponding follow-up scores. Baseline BDI-I1 was not a predictor of 6-year change in Ho
scale, Anger-In, or Anger-Out (all ps>.13); however, baseline Ho scale did predict BDI change
(8 =.15, p=.004) and explained 2% of the variance beyond that accounted for baseline BDI-
Il and the other emotional variables. Baseline Ho scale also predicted change in Anger-In (8
= .14, p =.002) and Anger-Out (5 = .11, p = .01), explaining an additional 1% and 2% of the
variance, respectively. Anger-In and Anger-Out were not predictors of change in BDI-II or Ho
scale (all ps > .25).

In the second model, we included baseline demographic, biomedical, and behavioral covariates
(see Statistical Analysis section for variable list). This model also fit the data well, ¥2 (2, N =
296) = 1.49 (p = .47), RMSEA = 0.000. Of the covariates, age (8 = .12, p = .03), sex (f = .14,
p = .01), and smoking status (5 = .14, p = .01) predicted BDI-II change; none predicted Ho
scale change; and race-ethnicity predicted Anger-In change (8 =—.09, p =.05) and Anger-Out
change (8 =—.12, p = .01). Importantly, including these covariates did not change the nature
of relationships observed in the first model. Baseline Ho scale remained a predictor of 6-year
change in BDI-1I (5 = .15, p =.007), Anger-In (8 = .15, p = .002), and Anger-Out (5 = .12, p
=.01), whereas baseline BDI-I1, Anger-In, and Anger-Out did not predict change in any of the
emotional variables (all ps > .08).

To determine the effect of anxiety on the association we detected between baseline Ho scale
and BDI-II change, we added baseline BAI to the second model. Not surprisingly, baseline
BAI was a predictor of 6-year change in BDI-II (8 = .17 p =.004); however, it was not a
predictor of Ho scale, Anger-In, or Anger-Out change (all ps > .35). Of greatest relevance,
baseline Ho scale remained a predictor of BDI-1I change (5 = .13, p =.02). Next, we explored
whether low social support or poor sleep quality might mediate the observed relationship
between baseline Ho scale and BDI-II change. We first added baseline ISEL to the second
model, which indicated that ISEL did not predict change in any of the hostility/anger measures
(all ps > .25) but did predict BDI-1I change (8 = —.12, p = .04). Adjusting for ISEL, however,
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did not weaken the association of baseline Ho scale with BDI-II change (5 = .14, p =.01). We
then added baseline PSQI Items #2 (sleep latency) and #4 (sleep duration) to the second model.
Although sleep duration was not related to change in any emotional variable (all ps >.21) and
sleep latency was not associated with change in any hostility/anger measure (all ps >.31), sleep
latency was a predictor of BDI-11 change (8 =.12, p =.02). Again, the strength of the association
between baseline Ho scale and BDI-11 change (8 = .15, p = .01) was not altered. Finally, the
analysis in which the BDI-11 subscale scores were substituted for the total score revealed that
baseline Ho scale predicted change in the somatic-vegetative subscale (4 = .16, p = .005) but
not the cognitive-affective subscale (8 = .10, p = .09). A chi-square difference test, however,
demonstrated that these coefficients were not significantly different from each other, 4y (1,
N =296) = 1.38 (p = .24).

Discussion

Although depression and hostility/anger are emerging risk factors for CAD that tend to cluster
within individuals, it is not yet known how these negative emotional factors might influence
one another over time. In this prospective cohort study, we observed that a measure of the
cognitive aspects of hostility/anger (Ho scale), but not mixed measures of the cognitive/
affective (Anger-In) or the affective/behavioral (Anger-Out) aspects, predicted greater
increases in depressive symptoms (BDI-11) over six years. We also found that the BDI-II did
not predict 6-year changes in any of the hostility/anger measures and that the Ho scale predicted
greater 6-year increases in Anger-In and Anger-Out. The detected cynicism-depression
relationship persisted in the presence of demographic, biomedical, and behavioral factors as
well as anxiety symptoms, perceived social support, and subjective sleep latency and duration,
indicating that these factors are not likely confounders or mediators. In addition, we report
suggestive evidence that the observed relationship may primarily reflect an association between
cynicism and the somatic-vegetative symptoms of depression. This result, however, should be
interpreted cautiously, as the relationships between the Ho scale and the two BDI-11 subscales
were similar in magnitude. Taken together, our findings indicate that the cognitive aspects of
hostility/anger precede and independently predict future increases in depressive symptoms,
which suggests that cynicism may be a cognitive risk factor (contributing to the index episode)
and/or maintaining factor (contributing to subsequent episodes) for depression. Moreover, our
results support the hostility-to-depression paths included in Smith’s psychosocial vulnerability
and transactional models (19,20) and Kop’s biobehavioral model of CAD (21) —theories which
assert that depression is one pathway through which hostility may increase cardiovascular risk.

The present findings are broadly consistent with the results of the four previous studies
examining the relationship between hostility/anger and later depression. In those
investigations, persons with elevated hostility/anger levels exhibited greater increases in
depressive symptoms over time (22,25) or were at increased risk for depression later in life
(23,24). Similar to our study, both Heponiemi et al. (25) and Siegler et al. (24) detected an
association between a measure of cynicism and future depressive symptoms. Also paralleling
our findings, the results of Miller and colleagues (22) suggest that hostility may predict future
increases in the somatic symptoms but not the other depressive symptom clusters. Because
Reinherz et al. (23) utilized a measure that primarily assesses aggression, at a finer level of
analysis, their findings are at odds with the lack of association between Anger-Out and BDI-
Il change that we report. To our knowledge, our study is the first to evaluate depressive
symptom severity as a predictor of longitudinal changes in hostility/anger; thus, there are no
results to which we can compare ours. Although somewhat surprising given the length of
follow-up, our finding that the Ho scale predicted future Anger-In and Anger-Out is in line
with Smith’s transactional model (19,20), which posits that hostile cognitions precede and
contribute to episodes of anger and aggression.
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Several psychological and physiological factors are candidate mediators of the observed
prospective relationship. It has been suggested that elevated anxiety (28) and low social support
(9) may be among the mechanisms underlying the connection between hostility/anger and later
depression; however, evidence from this study and a similar investigation (25) does not support
this notion. We also did not observe any evidence of mediation by two indicators of subjective
sleep quality. Instead, we found that elevated anxiety symptoms, low perceived social support,
and prolonged sleep latency were each independent predictors of 6-year increases in depressive
symptoms. It is possible, however, that psychological factors that we did not examine could
be operating as mediators. For instance, hostile persons may chronically experience a high
degree of interpersonal stress (9), perhaps due to their negative attitudes about others (11,54,
55) and their tendency to employ poor coping strategies (55,56). Increased life stress and
ineffectual ways of coping, together or individually, could lead to the development or
exacerbation of depression (57,58). It is worth noting, however, that life stress could also be a
confounder of the detected cynicism-depression relationship. Another possibility is that the
effect of hostility/anger on depressive symptoms may be mediated by dysregulation of the
hypothalamic-pituitary-adrenal (HPA) axis, which is believed to play an etiologic role in the
development of depression (59). Even though few studies have evaluated HPA axis function
among hostile individuals, the available evidence suggests that hostility is associated with HPA
axis hyperactivity (60-62).

In addition to these causal models, there are alternative explanations that we cannot rule out.
First, the cynicism-depression relationship we report may reflect a common physiological
dysfunction that exerts its influence on hostility/anger earlier than on depressive symptoms.
One such factor that has been linked to hostility (63) and depression (64) is reduced central
serotonergic function. Second, shared genetic influences could also account for the observed
relationship, as Raynor and colleagues (13) found that genetic effects explained 61% of the
covariation between Ho scale and BDI-II scores. Third, baseline BDI-II (21%) accounted for
considerably less variance in its follow-up score than did the Ho scale (43%), Anger-In (42%),
and Anger-Out (45%). Therefore, we may not have detected a relationship between depressive
symptoms and later hostility/anger because of the smaller amount of residual variance in the
6-year hostility/anger scores left to be explained.

The current study has some limitations that are worthy of comment. One, in contrast to the
cognitive aspects, we did not administer “pure” measures of the affective and behavioral
aspects of hostility/anger. Consequently, we are not able to draw strong inferences regarding
the nature of the longitudinal relationships (or lack thereof) between angry affect or behavioral
aggression and depressive symptoms. For instance, we can only speculate that we may have
failed to detect an association between Anger-In and 6-year change in depressive symptoms
because Anger-In is a mixed indicator of cynicism and angry affect, and the affective aspects
of hostility/anger may not be predictive of later depressive symptoms. Two, variability in BDI-
Il scores was somewhat limited, possibly because (a) our sample consisted of volunteers from
the community and (b) the participants were instructed to rate the severity of their depressive
symptoms over the past week instead of the past two weeks, which may have yielded lower
scores (35). This restricted variability may have resulted in an underestimation of the effect
sizes of the relationships involving depressive symptoms. Three, because our participants were
older, healthy, and mostly non-Hispanic white, our results might not generalize to younger
populations, older populations with a high prevalence of chronic disease, or other racial/ethic
groups.

Our primary finding — that the cognitive aspects of hostility/anger predict future increases in
depressive symptoms — could have important implications for the field of cardiovascular
behavioral medicine. First, we confirmed the hostility-to-depression paths of the theories put
forth by Smith (19,20) and Kop (21). These models imply that depression and hostility may
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act together in a serial fashion to influence CAD risk (i.e., hostility may promotes depression,
which in turn may bring about pathophysiological changes that play a role in the pathogenesis
of CAD). However, despite the apparent temporal precedence of hostility over depression, the
possibility that these emotional factors may have additive or synergistic effects on CAD-related
processes and outcomes also remains plausible. Second, our findings could inform the
development of interventions designed to reduce CAD risk or slow its progression by targeting
emotional factors. Because we found that cynicism may be a cognitive risk and/or maintaining
factor for depression, our results lead us to speculate that the potency of depression
interventions designed to improve cardiovascular outcomes might be enhanced by
incorporating psychosocial (65) or pharmacological (66) treatments addressing hostility. In
other words, to bring about lasting change in one emotional risk factor for CAD (depression),
it may be necessary to concurrently address another one (hostility).
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Figure 1.

Results of the path analysis examining the longitudinal associations among measures of
depressive symptoms and hostility/anger. Values associated with unidirectional arrows (i.e.,
structural paths) are standardized regression coefficients. Only the significant structural paths
are shown in the figure; correlations and nonsignificant structural paths were omitted. N = 296.
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Characteristics of Participants (N = 296)
Demographic Factors
Age (years) 60.8 +4.7
Sex, % female 52.7
Race-ethnicity, % nonwhite 13.9
Education level, % high school or less 22.3
Biomedical Factors
History of diabetes, % 1.0
History of rheumatoid arthritis, % 3.7
History of cancer, % 9.1
Antidepressant use, % 2.7
Body mass index (kg/m?) 27.7+4.6
Behavioral Factors
Smoking status, % current smokers 5.7
Daily alcohol intake (g/day) 6.4+938
Physical activity level (kilocalories/week)  950.7 + 803.7

Note. Values are means * standard deviations for continuous variables and percentages for categorical variables.
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