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Abstract

Recent evidence suggests that individuals with certain personality traits are at elevated risk for chronic systemic inflammation. To
date, this literature has focused on the related traits of hostility and negative affect (NA). In this study, we examine the covariation
of trait measures of hostility and NA with the inflammatory mediators interleukin-6 and C-reactive protein. We also explore whether
observed associations reflect independent contributions of cognitive, affective and behavioral components of hostile dispositions or
shared trait variance with global negative affectivity. Subjects were a diverse sample of 855 relatively healthy middle-aged community
volunteers (50% male) from the Adult Health and Behavior Project. The Buss and Perry Aggression Questionnaire (BPAQ) and an
Abbreviated Cook—Medley Hostility Scale (ACM) were used to measure dimensions of hostility, and the Multidimensional Personality
Questionnaire was used to measure trait NA. Regression analyses accounting for demographic characteristics and medical covariates
showed a positive relationship of all components of hostility and trait NA with both IL-6 and CRP. After controlling for trait NA, only
the behavioral component of hostility was independently associated with the inflammatory markers. The relationships of cognitive and
affective components of hostility with inflammatory markers were largely explained by lifestyle factors, particularly body mass index and
smoking. In contrast, lifestyle factors did not explain the covariation of hostile behavioral tendencies and inflammation. These findings
suggest that unique attributes of aggressive behavioral tendencies account for much of the variability in inflammation associated with
hostility and negative emotions, raising the possibility that individuals high in aggression are at increased risk of inflammatory disease.
© 2007 Elsevier Inc. All rights reserved.

Keywords: Personality; Hostility; Negative affect; Aggression; Interleukin-6; C-reactive protein; Inflammation

1. Introduction

There is abundant evidence that chronic elevation of
systemic inflammation plays a role in the pathogenesis
and course of numerous age-related conditions, including
diabetes, cardiovascular disease, arthritis, and general
functional decline (e.g., Black, 2003; Ferrucci et al., 1999;
Pradhan et al., 2001, 2002; Ridker et al., 2000a,b). Indeed,
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epidemiologic studies show that higher levels of proinflam-
matory mediators, such as interleukin (IL)-6 or C-reactive
protein (CRP), predict future morbidity among initially
healthy mid-life individuals (e.g., Libby and Ridker,
1999). Mounting evidence also suggests that individuals
with certain personality traits are at elevated risk for
adverse health outcomes, and that inflammatory mecha-
nisms may underlie the pathogenicity of these dispositional
attributes (Black, 2003; Suarez, 2004).

To date, studies examining personality-related correlates
of systemic inflammation have focused on the traits of
anger and hostility. For example, Ranjit et al. (2007)
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recently showed a positive relationship between hostility,
measured using the cynical distrust subscale of the Cook—
Medley Hostility (Ho) Scale (Cook and Medley, 1954),
and circulating levels of CRP and IL-6 among 6814 healthy
men and women aged 45-84 years. Recent smaller studies
also show a positive association between CRP and trait
anger/hostility (Coccaro, 2006; Graham et al., 2006;
Suarez, 2004). For example, Suarez (2004) administered
the Buss—Perry Aggression Questionnaire (BPAQ; Buss
and Perry, 1992) to 127 healthy, young adults and showed
that CRP covaried positively with scores on the anger sub-
scale, but was not associated with the hostility subscale.
Similarly, in a sample of older adults, Graham et al.
(2006) showed a positive association between hostility mea-
sured with Ho scale and CRP that was independent of
depressive symptomatology. Findings from smaller studies
examining IL-6 are more mixed. To date, these studies have
used the Ho scale and IL-6 has been shown to covary pos-
itively with the cynicism and hostile affect Ho subscales in
one study of mid-life adults (Sjogren et al., 2006), but not
with the total Ho score in younger (Suarez, 2003) or older
(Graham et al., 2006) samples. In a sample of 100 men and
women (50% with clinical depression), Miller et al. (2003)
found no main effect of Ho cynical hostility; however,
among individuals scoring low in depressive symptoms,
hostility was positively associated with IL-6. Further sup-
port for an interaction between hostility and depressive
symptomatology in the prediction of IL-6 comes from a
study of 90 healthy, young men. Here, in contrast to Miller
et al.’s (2003) findings, Ho score was positively related to
IL-6 only among men with higher depressive symptoms
(Suarez et al., 2003).

Inconsistencies across studies may reflect heterogeneity
of the anger and hostility measures, with results varying
as a function of different affective, attitudinal, and expres-
sive elements. Alternatively, it may be noted that anger
and hostility share common variance with other negatively
valenced dimensions of emotion, such as depression and
anxiety, and that while phenomenologically distinct, these
affective traits tend to cohere psychometrically under a
common factor of neuroticism, or negative affectivity
(NA) (Costa and McCrae, 1985; Suls and Bunde, 2005;
Watson, 2000; Watson and Tellegen, 1985). It might be
asked, then, whether the inflammatory cytokines are asso-
ciated principally with the unique attributes of anger and
hostility (e.g., their attitudinal or expressive quality) or
with a dimensional feature of these traits that is common
to other negative emotions, such as NA. In this regard,
the goal of the current study was to examine covariation
of the inflammatory mediators IL-6 and CRP with cogni-
tive, affective and behavioral components of hostility, and
to determine whether any observed associations reflect
independent contributions of these antagonistic dimensions
or shared trait variance in negatively valenced affect.

Another issue that requires clarification in the literature
linking dispositional characteristics to inflammation is the
role of health practices. Trait measures of negative affectiv-

ity (NA) have been associated with lifestyle risk factors,
including smoking, poor diet, sedentary lifestyle, obesity,
and alcoholism (e.g., Everson et al., 1997; Kawachi et al.,
1996). Furthermore, these same lifestyle factors covary
positively with levels of peripheral IL-6 and CRP (Kie-
colt-Glaser and Glaser, 1988; Khaodhiar et al., 2004). In
particular, evidence shows that adipocytes produce 10—
35% of circulating IL-6 (Berg and Scherer, 2005; Moham-
ed-Ali et al., 1997), which, in turn, stimulates the peripheral
production of CRP by hepatocytes (Heinrich et al., 1990).
Thus, the higher levels of body fat or poorer health prac-
tices that accompany trait NA could explain concomitant
systemic inflammation. To explore this possibility, a sec-
ondary goal of the current study was to examine whether
any observed associations of inflammatory mediators with
dimensions of hostility and NA are accounted for by body
mass index (BMI), current smoking, sleep volume, physical
activity, and/or alcohol use.

2. Methods
2.1. Participants

Data for the present study were derived from the University of Pitts-
burgh Adult Health and Behavior (AHAB) project, a registry of behav-
ioral and biological measurements on non-Hispanic Caucasian and
African American individuals (30-54 years old) recruited via mass-mail
solicitation from communities of southwestern Pennsylvania, USA (prin-
cipally Allegheny County). Exclusion criterion for entry into the AHAB
study included a reported history of atherosclerotic cardiovascular disease,
chronic kidney or liver disease, cancer treatment in the preceding year, and
major neurological disorders, schizophrenia or other psychotic illness.
Other exclusions included pregnancy and the use of insulin, glucocorti-
coid, anti-arrhythmic, psychotropic, or prescription weight-loss medica-
tions. Data collection occurred over multiple laboratory sessions, and
informed consent was obtained in accordance with approved protocol
guidelines of the University of Pittsburgh Institutional Review Board.

For the current analyses, we identified 1081 AHAB participants on
whom we had measures of plasma IL-6 and CRP. Given that absence of
common acute illnesses (e.g., recent colds or allergies) was not an exclu-
sionary criterion for the AHAB study, we dropped any individuals with
IL-6 levels greater than 10 pg/ml or CRP levels greater than 10 mg/L
(n =142) from the current sample. In addition, we excluded individuals
with rheumatoid arthritis (n = 1), diabetes (n = 15), or a history of chronic
hepatitis B or C (n = 3), and those taking antibiotics (n = 23), cold medi-
cations (n = 33), immunosuppressants (n = 3), or inhaled corticosteroids
(n=31), resulting in a final sample of 855 subjects.

2.2. Procedure

Participants in the AHAB project visited the laboratory for four indi-
vidually-scheduled sessions. Data obtained at sessions 1 and 2 are included
here (on average these sessions were less than 2 weeks apart). At session 1,
written informed consent was obtained and participants completed a bat-
tery of computer-administered demographic, psychological and health
behavior measures. Blood was drawn for the determination of plasma lev-
els of IL-6 and CRP at session 2, which was scheduled in the morning.
Prior to coming into the laboratory for this session, participants were
asked to fast for 8 h and avoid exercise for 12 h and alcohol for 24 h.
On arrival, a project nurse administered a medical history interview,
including questions about past history of rheumatoid or osteoarthritis,
diabetes, chronic hepatitis B or C, acute kidney disease, cancer, asthma
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or other lung conditions, and thyroid disease, and measured several stan-
dard risk factors, including blood pressure and BMI (kg/m?), and drew a
40 cc blood sample.

2.3. Measures

Personality: Trait anger/hostility was measured using two scales: (1) an
abbreviated 39-item version of the Cook-Medley Hostility Scale (Ho;
Cook and Medley, 1954), as derived by Barefoot et al. (1995) and (2)
the 29-item Buss and Perry Aggression Questionnaire (BPAQ; Buss and
Perry, 1992). Following Boyle et al. (2007), we examined items from the
Cook-Medley Hostility Scale that reflect the cognitive (cynicism and hos-
tile attributions subscales), affective (hostile affect subscale), and behav-
ioral (aggressive responding subscale) components of hostility. Test-
retest reliability for the AHo was .74 over a 10-year period (Barefoot,
1997). The Cook-Medley Hostility Scale has also been shown to have
good internal consistency (Contrada and Jussim, 1992) and construct
validity (Smith and Frohm, 1985). The BPAQ also includes subscales that
reflect the cognitive (hostility), affective (anger), and behavioral (physical
aggression and verbal aggression) components of antagonistic disposi-
tions. This measure has good reliability (test-retest reliability = 0.80)
and internal consistency (Cronbach’s alphas = .72-.85 for subscales and
total score; Buss and Perry, 1992). To yield a single measure of the cogni-
tive, affective and behavioral dimensions of hostility, we combined parallel
subscales from the AHo and BPAQ by averaging standardized scores (s
for similar scales from the 2 instruments ranged from .45 to .63). To mea-
sure trait NA, participants also completed the Multidimensional Personal-
ity Questionnaire—Short Form (MPQ-SF; Tellegen, 1982), a 155 item
measure of broad temperament domains including positive emotionality,
negative emotionality, and constraint.

Plasma IL-6 and CRP: Plasma samples for the determination of IL-6
and CRP were collected in citrated plasma tubes and frozen at —80° C
until analysis in batches. IL-6 levels were determined using a high sensitiv-
ity quantitative sandwich enzyme immunoassay kit (R&D Systems).
Briefly, standards, controls and samples were added to a 96-well micro-
plate pre-coated with monoclonal anti-IL-6 antibodies. Unbound sub-
stances were removed by washing and an enzyme linked polyclonal anti-
IL-6 antibody was then added. This was followed by washing, incubation
with a substrate solution and then with the amplifier solution. The inten-
sity of the color that resulted was measured at 490 nm. The assay standard
range is 0.156-10 pg/mL. IL-6 levels were extrapolated from a standard
curve with linear regression from a log-linear curve. All samples were
run in duplicate and the average coefficient of variation between samples
was 5%. Reciprocal transformation was applied to normalize raw score
distributions of the IL-6 values. For ease of interpretation, the signs of
reciprocally transformed measurements of I1L-6 were then reversed.

CRP was measured at the University of Vermont’s Laboratory of Clin-
ical Biochemistry Research with the BNII nephelometer from Dade Beh-
ring utilizing a particle enhanced immunonephelometric assay. In this
procedure, polystyrene particles are coated with monoclonal antibodies
to CRP, which, in the presence of antigen agglutinate cause an increase
in the intensity of scattered light. The increase in scattered light is propor-
tional to the amount of CRP in the sample. The assay range is 0.175—
1100 mg/L. Intra-assay CVs range from 2.3 to 4.4% and inter-assay CVs
range from 2.1 to 5.7%. Final CRP values were log normal (base ¢) trans-
formed prior to analysis to better approximate a normal distribution.

2.4. Covariates

All analyses included a group of standard covariates, including age,
gender, race, and years of education. Medical conditions and current med-
ications, as reported by participants in the medical history interview, were
also employed as standard covariates if they were associated with the
inflammatory markers. Secondary analyses also examined a number of
lifestyle factors that might explain associations between trait characteris-
tics and inflammation. These included BMI, smoking status (current smo-
ker versus ex/non-smoker), sleep volume (hours of sleep during last 7

nights = (average hours/week night X 5) + (average hours/weekend
night x 2), physical activity (estimated kilocalories expended per week by
the Paffenbarger Physical Activity Questionnaire; Paffenbarger et al.,
1993), and alcohol use (average number of alcoholic drinks/week). Scores
for BMI, alcoholic drinks/week, and physical activity were log normal
(base e) transformed prior to analysis.

2.5. Statistical analyses

All analyses were conducted using SPSS version 15.0 (SPSS Inc., Chi-
cago, IL.). Initially, a series of Pearson product-moment and point biserial
correlations were calculated to examine relationships between 1L-6, CRP
and demographic characteristics, health behaviors and psychological
traits. Next, linear regression analyses were used to determine the variance
in IL-6 and CRP levels accounted for by the dimensions of hostility and
NA. For the initial analyses, age, gender, race, years of education and
identified medical covariates were entered in the first step of the model, fol-
lowed by the trait characteristic of interest. Secondary analyses were then
conducted to examine whether the cognitive, affective, and behavioral
dimensions of hostility were associated with IL-6 and CRP independently
of NA. Here, demographic and medical covariates were entered in step 1,
NA in step 2, and hostility scores in step 3 of three separate regression
models. Finally, similar hierarchical techniques were employed to examine
whether negative dispositions predicted inflammatory indices indepen-
dently of BMI and health practices.

3. Results

3.1. Associations between demographic and health
characteristics and inflammatory markers

Demographic characteristics of the sample and bivariate
correlations between inflammatory markers and demo-
graphic and health risk factors are presented in Table 1.
Higher levels of peripheral IL-6 and CRP were associated
with fewer years of education, African American race, less
physical activity, and higher BMI. In addition, plasma IL-
6, but not CRP, was positively associated with smoking
and fewer hours of sleep. In sum, these findings show that
demographic and health-related risk factors are generally
associated with higher values for markers of systemic
inflammation.

In regard to past medical history, there were no associ-
ations between inflammatory markers and self-reported
history of acute kidney disease (n = 39), cancer (n = 19),
asthma (n = 43), other lung conditions (n = 46), or thyroid
disease (n=40). History of osteoarthritis (n = 109) was
associated with higher levels of both IL-6 and CRP
(#1,853) = —-2.33, p=.02; #(1,853)=-2.46, p=.01,
respectively). Hypertension, recorded as a resting blood
pressure above 130/85 or use of anti-hypertensive medica-
tions (diuretics (n = 20), beta blockers (n =12), calcium
blockers (n = 11), central anti-hypertensives (n = 1), and/
or ace inhibitors (n = 25)) was also associated with higher
circulating levels of IL-6 and CRP (#(1,853) = —4.94;
p <.001; #1,853)=-5.49; p<.001, respectively). In
regard to other medications, there were no associations
between IL-6 or CRP and current use of anti-lipenics
(n=122) or antacids (r = 11). Higher levels of CRP were
associated with hormone replacement treatment (HRT:
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n=19; #(1,853) = —2.93; p = .003) and use of oral contra-
ceptives (n=26; #(1,853) = —4.18; p <.001). No partici-
pants reported taking nitrates, anti-arrhythmics, oral
hypoglycemics, protease inhibitors, or anti-HIV medica-
tions. Based on these findings, history of osteoarthritis
(by self report) and hypertension (blood pressure >130/85
or use of anti-hypertensive medications) were included as
covariates in all models, and hormone use (HRT or oral
contraceptives) on analysis of CRP.

3.2. Associations between dispositional characteristics and
inflammation

Next, we assessed whether psychological traits were
associated with circulating levels of IL-6 and CRP. Results
of preliminary bivariate analyses are presented in Table 1.
Both markers of systemic inflammation were positively
associated with cognitive, affective, and behavioral compo-
nents of hostility, and trait NA. There were no significant
relationships between inflammation and the MPQ-SF
dimensions of positive emotionality or constraint. In light
of these initial findings, we went on to conduct a series of
multiple regression analyses assessing associations between
trait negative characteristics and IL-6 and CRP after con-
trolling for standard demographic covariates, history of
osteoarthritis, and current hypertension, in all models,
and hormone use on analysis of CRP. Results of these
analyses are presented in Table 2. After entering the covar-
iates, regression analyses revealed a positive relationship of
cognitive, affective and behavioral components of hostility
and NA with CRP. Similarly, hostile cognitions and behav-
iors and NA covaried positively with IL-6, with a trend on
analysis of hostile affect. Further regression analyses
showed no significant interactions between any of the hos-
tility components and NA or between demographic (gen-
der, age, race, or years of education) or health-related
risk factors (history of arthritis, hypertension or hormone
use) and dispositional characteristics in predicting markers
of inflammation. Fig. 1 summarizes the association
between the inflammatory mediators and the behavioral
component of hostility. To simplify the presentation, levels
of the trait characteristic were categorized by quartiles for
this figure (Group 1 (n=213): mean hostile behavior
score = —.91 (SD = .22); Group 2 (n = 214): mean = —.36
(SD = .14); Group 3 (n=214): mean =.17 (SD =.19);
Group 4 (n =213): mean = 1.10 (SD =.79)).

3.3. Relationships between the dispositional constructs in the
prediction of inflammation

To examine whether hostile characteristics and NA
reflect the same underlying dispositional construct, we first
examined Pearson product-moment correlations between
these psychological characteristics. As expected, NA was
closely related to hostile cognitions (r =.69, p <.0001),
affect (r=.60, p<.0001), and behavior (r=.56,
p <.0001). Thus, we ran three regression analyses, entering
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Table 2

Results of regression models examining trait characteristics as predictors of plasma interleukin-6 and C-reactive protein levels with standard covariates
entered in step 1 and psychological traits entered into step 2 of separate models (n = 855)

Predictor Transformed IL-6 Transformed CRP
Beta p-Value Adj R? Beta p-Value Adj R?
Step 1 .066 .084
Gender —.06 .09 .06 .08
Age .03 47 -.07 .04
Race 13 .001 .05 15
Education —.11 .002 —.04 25
Arthritis .06 .07 .07 .03
Hypertension 12 .001 .19 .001
Hormone use — — .16 .001
Step 2 of separate models
Hostile cognitions® .07 .05 .070 11 .002 .094
Hostile affect® .06 .06 .070 .07 .03 .089
Hostile behavior® 12 .002 .077 A1 .003 .094
MPQ-negative .10 .006 .072 .10 .007 .092

Emotionality

% Average standardized scores on the subscales of the Cook—Medley Hostility Scale and the Buss—Perry Aggression Questionnaire that measure

cognitive, affective, and behavioral dimensions of hostility.

2.4

N
N
L

N
L

-
o
!

Mean Levels of CRP (mg/L)
and IL-6 (pg/mL)
= ®

-
[N
!

1 2 3 4

Quartiles of Trait Hostile Behavior
(Low to High)

Fig. 1. Untransformed mean values of C-reactive protein and interleukin-
6 among individuals in the hostile behavior quartile groups (Group 1
(n=213): mean hostile behavior score =—.91 (SD=.22); Group 2
(n=214): mean =-.36 (SD =.14); Group 3 (n=214): mean=.17
(SD =.19); Group 4 (n =213): mean = 1.10 (SD =.79).

NA after the standard controls in a second step and each
dimension of hostility in a third step of separate models.
Results of these analyses are presented in Table 3. With
NA in the model, there was an independent relationship
between the behavioral dimensions of hostility and circu-
lating levels of IL-6 (b =.09, p =.04) and CRP (b =.08,
p =.04). The positive relationship between hostile cogni-
tions and CRP was also partially retained (b =.09,
p =.057). In contrast, there were no significant associa-
tions between hostile cognitions and IL-6 or hostile affect
and IL-6 or CRP with NA in the model. These findings
suggest that relationships of affective dimensions of hostil-
ity with inflammatory markers are largely attributable to
correlated variance in trait NA. A similar pattern is seen
for cognitive dimensions of hostility, with trait NA par-
tially accounting for observed relationships. In contrast,

the behavioral component of hostility shows an association
with inflammation that is independent of dispositional NA.
Finally, when trait NA was entered into a third step of a
model that included all dimensions of hostility, NA was
not independently associated with levels of CRP (p =.54)
or IL-6 (b = .07, p = .14), suggesting that NA did not con-
tribute anything unique to the prediction of systemic
inflammation over correlated variation in hostility.

3.4. The role of health practices

Further, zero-order correlations revealed that the com-
ponents of hostility were associated with a number of life-
style factors, including BMI, smoking, alcohol use, and
physical activity (See Table 1). Given that all of these fac-
tors, except alcohol use, were also associated with periphe-
ral IL-6 and CRP, we next examined whether these lifestyle
factors might account for associations between antagonis-
tic characteristics and inflammatory markers. For this pur-
pose, we entered BMI, smoking, and physical activity into
the second step, and the trait characteristics into a third
step of separate regression equations with the standard
demographic and medical covariates already in the model.
Entering health behaviors into the model reduced the mag-
nitude of observed associations between hostile behavioral
tendencies and circulating IL-6 (beta changed from .12 to
.08) and CRP (beta changed from .11 to .06); however, hos-
tile behavioral tendencies retained an independent associa-
tion with both inflammatory mediators (p’s = .03 and .05,
respectively) (See Table 4). Similarly, there was a trend
for a relationship between hostile cognitions and CRP with
health factors in the model (b = .06, p = .06). In contrast,
there were no significant associations between hostile cog-
nitions and IL-6 or between hostile or negative affect and
either inflammatory mediator with health behaviors in
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Table 3
Results of regression models examining relationships of hostility dimensions with plasma interleukin-6 and C-reactive protein after controlling for trait
NA
Predictor Transformed IL-6 Transformed CRP
Beta p-Value Adj R? Beta p-Value Adj R?

Step 1

Demographic/health factors .064 .084
Step 2

Trait negative affect .10 .007 .072 .094 .009 .092
Step 3 of separate models

Hostile cognitions® .017 710 .072 .089 .057 .096

Hostile affect® .017 .690 .073 .032 447 .092

Hostile behavior® .088 .039 .077 .084 .043 .096

For these analyses, standard demographic (gender, age, race, education) and health (arthritis, hypertension, and hormone use) factors were entered in step
1, trait negative affect in step 2, and the cognitive, affective, or behavioral dimension of hostility in step 3 of Separate Models (n = 855).
% Average standardized scores on the subscales of the Cook-Medley Hostility Scale and the Buss—Perry Aggression Questionnaire that measure

cognitive, affective, and behavioral dimensions of hostility.

Table 4
Results of regression models examining relationships of hostility dimensions with plasma interleukin-6 and C-reactive protein after controlling for lifestyle
factors
Predictor Transformed IL-6 Transformed CRP
Beta p-Value Adj R? Beta p-Value Adj R?
Step 1
Demographic/heath factors .066 .083
Step 2 .141 289
BMI® .238 .0001 475 .0001
Smoking 138 .0001 .048 119
Exercise® —.067 .044 —.043 158
Step 3 of separate models
Hostile cognitions® .038 .282 142 .060 .063 .292
Hostile affect” .049 139 .143 .047 118 291
Hostile behavior® .078 .030 .145 .064 .050 .293

For these analyses, standard demographic (gender, age, race, education) and health (arthritis, hypertension, and hormone use) factors were entered in step
1, body mass index, smoking status, and physical activity in step 2, and the cognitive, affective, or behavioral dimension of hostility in step 3 of Separate

Models (n = 855).

% Average standardized scores on the subscales of the Cook-Medley Hostility Scale and the Buss-Perry Aggression Questionnaire that measure

cognitive, affective, and behavioral dimensions of hostility.
® Scores were log normal (base e) transformed prior to analysis.

the model. Thus, these results suggest that lifestyle factors
(in particular BMI and smoking) account for much of the
variance in inflammation associated with hostile cognitions
and affect.

4. Discussion

The present study provides initial evidence for an asso-
ciation between antagonistic behavioral tendencies and
higher levels of systemic inflammation in a relatively
healthy, mid-life community sample. Consistent with evi-
dence that negative dispositions are associated with activa-
tion of innate inflammatory pathways (e.g., Appels et al.,
2000; Maes et al., 1992, 1995; Suarez et al., 2003, 2004)
and predict vulnerability to inflammatory disease (for
review, see Everson-Rose and Lewis, 2005; Miller et al.,
1996), our findings show that individuals who describe

themselves as more verbally and physically aggressive have
higher levels of plasma CRP and IL-6 than their less antag-
onistic counterparts. These associations are depicted in
Fig. 1, which shows a positive linear relationship between
hostile behavioral tendencies and both markers of systemic
inflammation. These relationships were independent of
demographic and behavioral health risk factors, including
age, sex, race, years of education, BMI, hypertension,
osteoarthritis, hormone use, smoking, physical activity,
sleep volume, and alcohol use, and trait NA. Overall, our
findings are consistent with published evidence that dispo-
sitional anger/hostility covaries positively with levels of
CRP and IL-6 (Coccaro, 2006; Graham et al., 2006; Ranjit
et al., 2007; Sjogren et al., 2006; Suarez, 2004) and suggest
that hostile behavioral tendencies may confer much of the
variability in inflammation associated with negative
emotions.
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The current findings also show that cognitive (cynicism
and hostile attributions) and affective (anger and irritabil-
ity) dimensions of hostility, and trait NA are positively
associated with plasma levels of IL-6 and CRP indepen-
dently of demographic and current health factors. These
effects were largely explained by correlated variation in
BMI and smoking, suggesting that lifestyle parameters pro-
vide a pathway linking hostile affect and cognitions to
inflammation. In contrast, trait NA did not contribute
much that was independent of the affective component of
hostility to the prediction of CRP and IL-6. Interestingly,
the association between antagonistic behavioral tendencies
and inflammation was not explained by lifestyle factors or
negative affective style. This raises the possibility that indi-
viduals high in aggressiveness are at increased risk of
inflammatory disease. In this regard, consistent prospective
evidence shows that dispositional anger/hostility predicts
incidence and progression of cardiovascular disease (e.g.,
Chang et al., 2002; Everson et al., 1998; Kawachi et al.,
1996; Koskenvuo et al. 1988), which is widely accepted to
be of inflammatory etiology (Ridker et al., 2000a, 2000b;
Ross, 1999). Further research is warranted to determine
if it is the behavioral component of these antagonistic dis-
positions that confers increased susceptibility to disease.

The current findings may help to shed light on inconsis-
tent findings in the extant literature. To date, studies that
have not shown a main effect of hostility on inflammatory
mediators have used the full Ho scale, which includes 50
items focusing on multiple dimensions of hostility (Suarez,
2003; Graham et al., 2006; Miller et al., 2003). In contrast,
studies finding a positive association between hostility and
IL-6 have employed subscales of the Ho that focus on the
cognitive or affective dimensions of hostility (e.g., Ranjit
et al., 2007). There is also some support in the literature
for an interaction between total hostility and depressive
symptoms in the prediction of systemic inflammation; how-
ever, findings are inconsistent with Ho positively related to
IL-6 among individuals higher in depressive symptoms in
one study (Suarez et al., 2003) and among those lower in
depressive symptoms in another study (Miller et al.,
2003). In contrast, in the current study we found no signif-
icant interactions between dimensions of hostility and trait
NA in the prediction of IL-6 or CRP. Our findings suggest
that stronger and more consistent associations may be
found using measures that focus on the behavioral dimen-
sion of hostility. In support of this possibility, Coccaro
(2006) examined a sample of personality disordered sub-
jects at high risk for aggression and hostility and showed
a stronger positive association of CRP with trait levels of
physical aggression than with more cognitive components
of hostility, as defined by the Buss—Durkee Hostility Inven-
tory (Buss and Durkee, 1957).

Numerous behavioral and biological mechanisms have
been proposed as potential links between dispositional
characteristics and inflammatory processes. Consistent
with the extant literature (e.g., Everson et al., 1997; Kaw-
achi et al., 1996), our data show relationships between all

dimensions of trait hostility and poorer health practices,
including more smoking and alcohol use, higher BMI,
fewer hours of sleep/week, and less physical activity. Also
consistent with prior reports (e.g., Bermudez et al., 2002;
Bruunsgaard, 2005; Frohlich et al, 2003), we found that
these lifestyle-related risk factors (higher BMI, smoking,
less physical activity and sleep volume) covaried positively
with systemic inflammation. As expected, this was particu-
larly the case for BMI, which is likely explained by the
peripheral production and release of IL-6 by adipocytes
(Berg and Scherer, 2005; Mohamed-Ali et al., 1997) and
the IL-6-stimulated production of CRP by hepatocytes
(Heinrich et al., 1990). In the current findings, the influ-
ences of affective and cognitive dimensions of hostility on
systemic inflammation were explained by behavioral fac-
tors, including BMI, smoking status and physical activity.
Thus, behavioral covariates of hostile affect may provide
a pathway to increased systemic inflammation. In contrast,
observed relationships between trait differences in aggres-
sive tendencies and lifestyle risk factors on systemic inflam-
mation were largely independent, suggesting that BMI,
smoking, alcohol use, hours of sleep, and physical activity
do not account for a large portion of the interindividual
variability in aggression-related immune function.

Other mechanisms that could underlie associations
between trait characteristics and systemic inflammation
include biological processes. In this regard, it is widely sug-
gested that antagonistic dispositions are associated with
activation of multiple physiological pathways that influ-
ence immune function. For example, when compared with
less antagonistic individuals, hostile and angry individuals
show greater activation of the sympathetic nervous system
in response to acute mental challenge (e.g., al’Absi and
Bongard, 2006;Suls and Wan, 1993), diminished parasym-
pathetic control over cardiac function (Sloan et al., 1994),
and higher circulating concentrations of catecholamines
(Suarez et al., 1998) and cortisol (Pope and Smith, 1991).
Furthermore, individual differences in the balance of acti-
vation of the sympathetic and parasympathetic branches
of the autonomic nervous system and in the regulation of
the hypothalamic-pituitary-adrenal axis have been associ-
ated with modulation of the production of proinflamma-
tory cytokines (Marsland et al., 2007; Suarez et al.,
1998), of levels of systemic inflammation (Elenkov and
Chrousos, 2002; Miller et al., 2002; Sondergaard et al.,
2000), and of susceptibility to health problems associated
with inflammatory processes (Chrousos, 1995; Gianaros
et al., 2005).

There are a number of limitations of the current study
that should be considered in interpreting findings. First,
its cross-sectional design precludes causal interpretation.
Alternative explanations for our results include reverse
causality, with higher levels of systemic inflammation
impacting the central nervous system. Indeed, a growing
literature supports immune-to-brain communication, with
activation of peripheral inflammatory processes signaling
the brain and resulting in the so called “sickness syn-
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drome”, which includes irritability (Maier and Watkins,
1998). Thus, pathways exist between the immune system
and brain regions involved in the regulation of affect, rais-
ing the possibility that systemic inflammation results in
increased antagonistic behavior. Alternatively, inflamma-
tory mediators and dispositional aggression may be related
to a third factor, such as premorbid disease, general health
or genetic predisposition. In this regard, our sample was
limited by the inclusion of a number of individuals
(12.7%) who reported some osteoarthritis. We included this
as a covariate in all models, so it is unlikely to explain
observed associations; however, it raises the challenge of
identifying a population clear of any inflammatory disease
in the study age range. Finally, recent evidence shows that
systemic levels of CRP are highly heritable (Wessel et al.,
2007), raising the possibility that genetic factors could con-
tribute to both inflammatory markers and personality.

A second limitation is the use of a single measurement of
inflammatory mediators. Although there is evidence that
IL-6 and CRP are relatively stable among healthy individ-
uals over extended periods (e.g., Rao et al., 1994), multiple
assessments over time would be expected to provide a more
reliable measure of individual differences. Finally, the
health significance of systemic levels of proinflammatory
mediators is difficult to determine, as it is regulation of lev-
els in response to a specific demand that confers immune
efficiency. In the future, longitudinal investigations are
indicated beginning in early adulthood and tracking the
influence of stable individual differences in the dimensions
of hostility on inflammatory mediators to better elucidate
how personality may shape the health of individuals.
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