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Objective: Although interleukin (IL)-6 plays a significant role in cardiovascular disease, little is known about its relation to
psychological risk factors, such as hostility and severity of depressive symptoms. The current study examined the joint effects of
severity of depressive symptoms and hostility on plasma IL-6 in a sample of 90 healthy, nonsmoking men. Methods: After an
overnight fast, blood samples for plasma IL-6 and fasting lipids were collected on the same day that the Beck Depression Inventory
(BDI) and the Cook-Medley hostility (Ho) scale were administered. Plasma IL-6 was determined using enzymatic-linked
immunosorbent assay (ELISA). Results: Analyses of logarithmically normalized plasma IL-6 adjusting for age, body mass index
(BMI), fasting total cholesterol, high density lipoprotein (HDL), and resting diastolic blood pressure (DBP) revealed a significant
BDI by Ho interaction (p � .026). Post hoc decomposition revealed that Ho was correlated with log-normalized plasma IL-6 (r �
0.59, p � .025) but only among men with BDI scores of 10 and above. Alternatively, BDI was correlated with log-normalized
plasma IL-6 (r � 0.61, p � .003) but only among men with Ho scores of 23 and higher. Comparisons among BDI/Ho groups
indicated that men with high scores on both the BDI and the Ho exhibited the highest median levels of plasma IL-6. Conclusion:
Hostile men who exhibited above normal levels of depressive symptoms had higher plasma levels of IL-6 suggestive of a
subpopulation at increased risk for future cardiac events. Key words: severity of depressive symptoms, hostility, plasma
interleukin-6, Beck Depression Inventory, Cook-Medley hostility scale, healthy men.

APP � acute-phase protein; ASCVD � atherosclerotic cardiovas-
cular disease; BDI � Beck Depression Inventory; BMI � body mass
index; CHD � coronary heart disease; CDC � Centers for Disease
Control; DBP � diastolic blood pressure; ELISA � enzymatic-
linked immunosorbent assay; HDL � high density lipoprotein; Ho �
hostility; IL � interleukin; MCP � monocyte chemotactic protein;
MDD � major depressive disorder; MI � myocardial infarction;
MRI � magnetic resonance imaging; OTC � over-the-counter; TC
� total cholesterol; TNF-� � tumor necrosis factor-�.

INTRODUCTION

A n increasing body of evidence suggests that interleukin
(IL)-6 plays a central role in the onset and development of

atherosclerotic cardiovascular disease (ASCVD) and the pre-
diction of its clinical expression, such as myocardial infarction
(MI). IL-6 is known to be a key mediator of the acute-phase
response (APP) which includes the synthesis of C-reactive
protein (1), a significant predictor of cardiovascular disease
(2). Moreover, IL-6 is thought to stimulate processes contrib-
uting to atherosclerotic plaque build-up such as: a) platelet
aggregation; b) production of adhesion molecules by the en-
dothelium; c) proliferation by vascular smooth muscle cells;
and d) production of tissue factor and monocyte chemotactic
protein (MCP)-1 by macrophages (3, 4). In addition to bio-
logical effects, IL-6 gene transcripts and protein have been
detected in human atherosclerotic lesions (5, 6) and elevated
levels of IL-6 have been reported among men and women who
show abnormalities of carotid and aorta arteries determined by
magnetic resonance imaging (MRI) (7). Lastly, in a 6-year
prospective study of apparently healthy men, a single measure
of plasma IL-6 taken at entry significantly predicted future
risk of MI (8). Taken together, it seems that IL-6 not only
affects biological processes involved in the onset and devel-

opment of ASCVD but also characterizes vascular abnormal-
ities and predicts risk of future cardiovascular events in ini-
tially healthy persons. Despite the growing importance of IL-6
in all aspects of ASCVD, little is known about its relation to
well-recognized psychological risk factors of ASCVD, such as
severity of depressive symptoms and hostility.

Evidence indicates that the risk of future cardiac events is
associated with the magnitude of depressive symptoms along
a gradient and that the severity of depressive symptoms pre-
dicts cardiac events in the absence of diagnosis of major
depressive episodes (9–11). At this time it is not well under-
stood how severity of depressive symptoms contributes to
cardiovascular disease (10). Results of a recent meta-analysis,
however, have suggested that IL-6 is significantly associated
with major depressive disorder (MDD) (12), even though
negative findings have also been reported (13). In contrast,
there is a paucity of evidence for the relation of severity of
depressive symptoms to IL-6. Two recently published studies,
however, have suggested that severity of depressive symptoms
and depressed mood are positively associated with IL-6 in
healthy, older adults (14, 15).

At this time, there are no published studies of the relation
of hostility to IL-6, although recent findings have suggested
that hostility is associated with various other inflammatory
markers, including proinflammatory cytokines. Stoney and
Engerbretson (16) showed that hostility, as measured by the
Cook-Medley hostility (Ho) scale (17), was significantly and
positively associated with homocysteine, an amino acid
known to stimulate IL-6 production (18). In this laboratory,
aggression, verbal aggression, and hostility, assessed using the
Buss-Perry Aggression Questionnaire (19), were significantly
associated with increased in vitro expression of tumor necrosis
factor (TNF)-� by stimulated monocytes (20). Like homocys-
teine, TNF-� is also known to stimulate IL-6 production (1).

Although hostility and severity of depressive symptoms
may be independently associated with IL-6, the question arises
whether IL-6 covaries as a function of both hostility and
severity of depressive symptoms. There is consistent evidence
to indicate that hostility is correlated with levels of depressive
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symptoms in nonclinical samples (21). Moreover, it is recog-
nized that these constructs have overlapping psychological
dimensions and often cluster within individuals (21). Thus,
individuals who are hostile may be at greater risk for depres-
sion due to a lack of social support and/or greater stress (21,
22). Similarly, individuals with depressive symptoms may
evaluate the social environment in a cynically hostile manner
as a consequence of their negative affective state (22). The
overlapping characteristics combined with the overwhelming
evidence of significant correlations between measures of hos-
tility and severity of depressive symptoms suggest the rele-
vance of examining the joint effect of hostility and depressive
symptoms on cardiovascular health outcomes as well as po-
tential cardiovascular risk factors, such as IL-6. The current
study, therefore, examined the joint effect of hostility and
severity of depressive symptoms on plasma IL-6 in a sample
of healthy men. It was postulated that the severity of depres-
sive symptoms and hostility would jointly and significantly
predict IL-6.

METHODS
Sample
Participants were 90 nonsmoking, healthy males (aged 18–45 years)

recruited from the general community. The sample comprised 56 Whites, 20
Blacks, 7 Asians, 4 Hispanics, and 3 participants classified as other. Subjects
were recruited via advertisements placed in local newspapers and fliers
distributed throughout the community. Subjects received monetary compen-
sation for their participation. Interested individuals were medically screened
for entry criteria. Participants were determined to be healthy with no past
history or current diagnosis of medical conditions that could alter plasma IL-6
(eg, asthma, allergies, arthritis, cancer, cardiovascular disease). All subjects
also reported a negative history of psychiatric ailments with none reporting
ever using antidepressant medications. All subjects were free of acute infec-
tions or injuries during the 2 weeks before their laboratory session. Subjects
were also free of all prescription medications and over-the-counter (OTC)
preparations, including daily low-dose aspirin, for the 2 weeks before study
participation. Written informed consent was obtained before study participa-
tion. This protocol was approved by the institutional review board.

Procedure
Blood samples were collected on the same day the subject completed the

hostility and severity of depressive symptoms scales. Subjects arrived be-
tween the hours of 8:00 AM and 9:00 AM. Subjects fasted for 12 hours before
their laboratory appointment. On arrival, subjects were seated in a reclining
chair and a 21-gauge butterfly needle was inserted into a forearm vein. After
30 minutes, blood samples were collected.

After blood samples were collected, subjects completed the 21-item BDI
(23), the 50-item Cook-Medley Ho scale (12), and a short background

questionnaire. The BDI and the Ho have been reported to have good psycho-
metric properties including adequate internal validity, good test-retest reli-
ability, and construct validity (24, 25). Evidence suggests that BDI scores are
positively correlated with clinical ratings of depression (24). Similarly, evi-
dence for convergent validity has also been reported for the Ho scale (25). For
the BDI, participants were instructed to reflect on the week before study
participation when responding to the questions.

Assessment of Interleukein-6, Lipids, and Blood
Pressure
For plasma IL-6, blood samples were collected in 7-ml tubes with EDTA.

Whole blood samples remained chilled for approximately 30 minutes until
delivered to the laboratory. Blood samples were spun and plasma was stored
at -40° C until time of assay. Plasma IL-6 levels were measured by an
enzyme-linked immunosorbent assay (ELISA) kit commercially available
from Pierce-Endogen (Rockford, IL). Samples were assayed in duplicate, and
IL-6 concentrations were derived from a standard curve. The detectable limit
for plasma IL-6 was �1 pg/mL and the intra- and interassay coefficients of
variation were �5% and �10%, respectively.

Assessments of fasting TC and HDL cholesterol were conducted at a
CDC-certified laboratory using standard enzymatic methods. Resting blood
pressure was obtained by using a Dinamap blood pressure monitor (1876�,
Critikon Corp., Tampa, FL) while the subject was seated. Measurements were
taken at 1-minute intervals throughout a 5-minute period, and a mean blood
pressure was calculated.

RESULTS
Subject characteristics are presented in Table 1. Consistent

with previous studies, the BDI and Ho scores were signifi-
cantly correlated (Pearson r � 0.47, p � 0.001). In this
sample, BDI scores ranged from 0 to 28, with 22% of the
sample scoring 10 and above, a cutoff score suggested by
Beck and Steer (26) and Kendall et al. (27) to indicate at least
mild levels of depressive symptoms. Using the Beck and Steer
(26) criteria, all of the men in this study with BDI scores of 10
and above were classified as having either mild (BDI scores
10–18) or moderate (BDI scores 19–30) levels of depressive
symptoms. Previous studies have indicated that even mild to
moderate levels of depressive symptoms are associated with
greater risk for mortality among cardiac patients (28) and with
biological risk factors of coronary heart disease in apparently
healthy persons (29).

Ho scores ranged from 3 to 37. For the Ho scale, an a priori
cutoff score of 23 and above was used to establish Ho groups.
Previous studies in this laboratory have shown that men with
Ho scores of 23 and above exhibit increased cardiovascular
and hormonal reactivity to anger arousal (30, 31), lower
�-adrenergic receptor number (32), and reduced �-adrenergic

TABLE 1. Characteristics of Study Participants (N � 90)

Mean SD Range

Age (yr) 26.1 6.8 18–46
Body mass index (kg/m2) 24.4 3.3 19–38.5
Total cholesterol (mg/dL) 160.2 38.7 91–289
HDL cholesterol (mg/dL) 42.9 10.2 19–73
Resting diastolic blood pressure (mm Hg) 75.5 9.0 50–101
Beck Depression 4.9 5.2 0–28
Cook-Medley hostility 19.1 7.7 3–37
Plasma IL-6 (pg/mL) 3.14 5.00 .01–20.6
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responsiveness to �-agonist (33). Using this criterion, 31.1%
of the sample scored high on the Ho scale.

Plasma concentrations of IL-6 were skewed so values were
normalized using the logarithmic transformation formula
(log10(X � 1)) as suggested by Kirk (34). Preliminary uni-
variate analyses revealed that a log-normalized concentration
of IL-6 was not significantly associated with age (r � -0.06);
BMI (r � -0.02); fasting TC (r � -0.08); HDL cholesterol (r
� -0.02); and resting DBP (r � -0.08). Although these vari-
ables were not associated with plasma IL-6 in this study,
previous studies have indicated that these variables are posi-
tively related to plasma IL-6 (37, 38, 42). Therefore, these
factors were retained in the regression models to eliminate the
possibility of confounding as well as to make the analyses
more comparable with the analytic strategy employed by
Ridker et al. (8) in determining the relation of log-normalized
plasma IL-6 to future risk of MI.

To test the hypothesis of a joint effect of hostility and
depressive symptoms on plasma IL-6, a series of regression
equations were performed. The first regression model exam-
ined the percent of variance (R2) of log-transformed IL-6
accounted by all of the covariates. In Step 2, the main effects
of Ho and BDI, entered as continuous variables, were added to
the model and changes in variance accounted (�R2) were
examined. The third step examined the interaction of Ho and
BDI by inspecting the �R2 change from the R2 accounted by
the model in Step 2. All analyses were conducted using SAS
software (35).

Results indicated a significant BDI by Ho score interaction
(�R2 � 0.0572, F� � 5.13, p � .026). Decomposition of this
interaction showed that, among persons with BDI scores of 10
and above, Ho scores were positively and significantly asso-
ciated with log-transformed IL-6 (partial r(19) � 0.59, p �
.025). In contrast, among subjects with BDI scores of 9 and
below, Ho scores were not associated with IL-6 (partial r(68)
� -0.03, NS). Conversely, among men with Ho scores of 23
and above, BDI scores were positively and significantly as-
sociated with log-normalized IL-6 (partial r(27) � 0.61, p �
.003). In contrast, in men with low to moderate Ho scores (ie,
Ho � 23), BDI scores were not associated with log-normal-
ized IL-6 values (partial r(61) � -0.07, NS). Given the sig-
nificance of the two-way interaction, the main effects for BDI
and Ho were not examined, although both effects were not
significant.

To further illustrate these findings and to facilitate the
comparison of these data with plasma IL-6 levels in men from
the Physicians’ Health Study (8), we plotted unadjusted me-
dians for BDI/Ho groups. As shown in Figure 1, median
plasma concentrations of IL-6 were higher among men who
had high scores on both the Ho and BDI.

DISCUSSION
It is widely acknowledged that ASCVD is fundamentally a

chronic inflammatory disorder (36). Consistent with this view,
IL-6 has been shown to predict future risk of MI and to
contribute to processes leading to ASCVD (37). The current

study examined the relation of plasma IL-6 as a function of
both severity of depressive symptoms and hostility. Results
indicated a significant joint effect of hostility and severity of
depressive symptoms on plasma IL-6 levels. This interaction
predicted plasma IL-6 concentrations even after statistical
adjustment for age, BMI, lipids, and resting DBP, factors
associated with IL-6 (8, 37, 38, 42). Statistical decomposition
of this two-way interaction revealed that, among men with
BDI scores of 10 and above, Ho scores were significantly and
positively associated with log-normalized plasma IL-6. Alter-
nately, among men with Ho scores of 23 and above, BDI
scores were significantly and positively associated with log-
transformed plasma IL-6. Lastly, group comparisons among
BDI/Ho groups indicated that men who scored high on both
the BDI and Ho scales exhibited the highest median concen-
tration of plasma IL-6 relative to all other groups.

Results from the Physicians’ Health Study indicated that
increasing levels of plasma IL-6 are associated with an in-
creasing number of traditional risk factors (eg, hypertension,
hyperlipidemia, smoking) (8). The current findings are the
first to demonstrate that higher plasma IL-6 levels are also
associated with the presence of both hostility and severity of
depressive symptoms. That plasma IL-6 predicts future risk of
cardiovascular events, as well as all-cause mortality, leads to
the possibility that men who are both hostile and exhibit
depressive symptoms, even in the mild to moderate range, are
at heightened risk for all-cause mortality and cardiac events
(37). Consistent with this speculation, one study has reported
greater all-cause mortality among hostile individuals with
depressive symptoms (39). With this one exception, no other
study has examined the combined effect of hostility and
severity of depressive symptoms on health outcomes or car-
diovascular end points. The current observations, therefore,
add relevance to the argument for examining the joint effect of
hostility and severity of depression in predicting outcome
measures in epidemiological studies of cardiovascular disease
as well as laboratory studies of biological risk factors.

The current study did not address possible mechanisms that
could explain these observations. However, inclusion criteria
(eg, healthy, free of any acute medical conditions, nonsmok-
ers, no medications whether prescribed or over-the counter)

Fig. 1. Unadjusted median for IL-6 by BDI and Ho groups.
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and statistical controls (eg, age, BMI, resting DBP, lipids)
implemented in this study support the conclusion that higher
plasma IL-6 levels among hostile men with mild to moderate
symptoms of depression are not mediated by these factors.
Thus, elevated IL-6 levels in hostile men with depressive
symptoms may be due, in part, to other factors, possibly
stress-related in nature (43, 44).

The current study has limitations. First, the participants
were nonsmoking, healthy males. From a medical perspective,
these men are considered to be at minimal risk for future
cardiac events, such as MI. It is acknowledged, however, that
approximately one-half of the risk for MI is accounted by
conventional risk factors (46) thus allowing for the possibility
that nontraditional risk factors, such as hostility and severity
of depressive symptoms, are relevant in determining risk. It is
interesting to note, therefore, that the median plasma IL-6
level for men with high BDI and Ho scores fell in the highest
quartile of plasma IL-6 observed in the Physicians’ Health
Study, a group found to be at high risk for MI (8). Additional
comparisons reveal that median plasma levels of IL-6 for men
with low Ho/low BDI, high Ho/low BDI, and low Ho/high
BDI scores fell in the lowest quartile of plasma IL-6, a group
found to be at low risk in the Physicians’ Health Study. Thus,
even in men considered medically at low risk for future
cardiac events, the plasma levels of IL-6 in men with high Ho
and BDI scores are comparable with those of initially healthy
men who subsequently experienced an MI during a 6-year
follow-up (8).

A second study limitation is the single measure of plasma
IL-6. Blood samples were collected while experimentally con-
trolling for factors that could influence circulating IL-6 levels,
such as health status, smoking, injury, psychiatric conditions,
medications, and low-dose aspirin. Although blood samples
were collected at a uniform time of day following an overnight
fast, variations in circulating levels of IL-6 cannot be ruled out
(40). It is likely, however, that any diurnal variation would
contribute to a greater error that would lead to an underesti-
mation of the true association. Although a single measure of
IL-6 may not provide a true assessment of an individual’s
variation in IL-6, one study has reported an intraclass corre-
lation of 0.87 for plasma IL-6 when it was measured repeat-
edly over a 1-month period (41). The relative stability of
plasma IL-6 levels over a 1-month period (in conjunction with
the prognostic significance of a single measure of IL-6 in
assessing future risk of MI) argues that a single measure of
plasma IL-6 may be satisfactory in assessing risk.

Lastly, the study included only men. Previous studies have
suggested that plasma IL-6 is also associated with increased
risk of cardiovascular disease in women (45). Currently, this
laboratory is conducting a study to examine the joint effect of
Ho and BDI on plasma IL-6 in women. Given that women
score higher on BDI and lower on Ho than men, the relation
of IL-6 to measures of depressive symptoms and hostility may
differ in women. In addition, the relation of plasma IL-6 to
hostility and severity of depressive symptoms may be moder-

ated by ovarian hormones, given that estrogen may reduce
IL-6 production (38).

In conclusion, the current study demonstrates a joint effect
of hostility and severity of depressive symptoms on the
plasma concentration of IL-6 in apparently healthy men. This
observation was independent of the effects of traditional risk
factors of cardiovascular disease that are known to influence
plasma IL-6, such as age, smoking, BMI, blood pressure, and
lipids. The current findings raise the possibility that, among
hostile men with depressive symptoms, plasma IL-6 is either
a marker for future risk of ASCVD or is a pathophysiological
mechanism leading to increased risk of ASCVD. Whatever the
case may be, the current findings broaden our understanding
of how hostility in conjunction with depressive symptoms
may impact cardiovascular disease risk via elevations in
plasma IL-6. It remains to be seen whether these observations
can be replicated in women and whether this relationship can
be moderated by prophylactic interventions that include life-
style changes and/or anti-inflammatory therapies, both known
to reduce the risk of cardiovascular disease (46).
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