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Objective: To test whether reduction in hostility increases autonomic regulation of the heart. Methods: In this randomized
controlled trial, participants were 158 healthy adults, aged 20 years to 45 years, who were 1 standard deviation (SD) above national
norms on the Cook-Medley Hostility and the Spielberger Trait Anger Indices. Participants also were interviewed, using the
Interpersonal Hostility Assessment Technique (IHAT). They were randomly assigned to a 12-week cognitive behavior therapy
program for hostility reduction or a wait-list control condition. The main outcome measure was cardiac autonomic modulation,
measured as RR interval variability (RRV) derived from 24-electrocardiographic recordings. Results: In a multivariate analysis of
variance assessing psychological outcomes of hostility, anger, and IHAT scores, there was a significant treatment effect with an
average reduction across the three outcomes that was approximately 0.7 SD (ES ⫽ 0.685, SE ⫽ 0.184, p ⬍ .001) greater for the
intervention group than for the control group. In contrast, the change in heart rate was ⫺0.14 beat/min (95% Confidence Interval
[CI] ⫽ ⫺2.43, 2.14) in treatment participants and ⫺1.36 beat/min (95% CI ⫽ ⫺3.28, 0.61) in wait-list participants. High-frequency
RRV, an index of cardiac parasympathetic modulation, increased by 0.07 ln ms2 (95% CI ⫽ ⫺0.10, 0.24) for participants in the
treatment condition and decreased by 0.04 ln ms2 (95% CI ⫽ ⫺0.18, 0.10) for participants in the wait-list condition. These
differences were not significant. The findings for other indices of RRV were similar. Conclusions: Reduction of hostility and anger
was not accompanied by increases in cardiac autonomic modulation. These findings raise questions about the status of disordered
autonomic nervous system regulation of the heart as a pathophysiological mechanism underlying the hostility-heart disease
relationship and about whether hostility itself is a mechanism or merely a marker of elevated risk of heart disease. Key words:
parasympathetic nervous system, hostility, cognitive behavior therapy, randomized controlled trial.
SD ⫽ standard deviation; CBT ⫽ cognitive behavior therapy;
RRV ⫽ RR interval variability; ECG ⫽ electrocardiogram; HR ⫽
heart rate; HF ⫽ high frequency; ln ⫽ natural log; CI ⫽ confidence
interval; ANS ⫽ autonomic nervous system; STAXI ⫽ State Trait
Anger Expression Inventory; SDRR ⫽ standard deviation of normal
to normal RR intervals; ES ⫽ effective size; SE ⫽ standard error;
LF ⫽ low frequency; CHD ⫽ coronary heart disease.

INTRODUCTION
wo hundred years ago, the British surgeon Sir John Hunter
complained, “My life is at the mercy of any scoundrel who
chooses to annoy me,” not long before he died of a heart attack
provoked by a violent argument (1). Since that time, the
contribution of hostility and anger to the development of
coronary artery disease has become relatively well established
although evidence linking hostility and anger to poor outcomes in patients with existing disease is less firm.
In a prospective study of 409 male and 321 female initially
healthy residents of Glostrup, Denmark, Barefoot et al. showed
that an abbreviated version of the Cook-Medley Hostility Scale
predicted acute myocardial infarction and total mortality, even
after control of standard risk factors (2). Data from the Kuopio
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Ischemic Heart Disease Risk Factor Study demonstrated that men
with high levels of hostility were at greater than twice the risk of
all-cause mortality, cardiovascular mortality, and myocardial infarction relative to men with lower levels. Adjustment for biological and socioeconomic risk factors did not reduce this risk
although adjustment for behavioral risk factors did (3). Data from
the Multiple Risk Factor Intervention Trial revealed that high
hostile men were more likely than their low hostile counterparts
to die of cardiovascular disease (4).
Among patients, cynical hostility was associated with progression of carotid artery atherosclerosis even after adjustment
for conventional risk factors (5). In a case-control study
among postmenopausal women, hostile affect from the CookMedley Scale was linearly associated with risk for myocardial
infarction (6). Potential for hostility, measured by the type A
structured interview, predicted restenosis after angioplasty (7).
In a systematic analysis, Suls and Bunde (8) concluded that
the evidence linking hostility and anger to heart disease in
initially healthy subjects was reasonably solid, a conclusion
consistent with the findings from two older meta-analyses
(9,10). In contrast, the evidence for an effect in patients with
existing disease was weaker. Another recent meta-analysis
concluded that hostility and anger were associated with heart
disease in both healthy and patient populations (11).
The mechanisms linking hostility and anger to elevated risk
of heart disease are unclear but one candidate is dysregulation
of the autonomic nervous system (ANS). Abundant evidence
demonstrates that reduced autonomic regulation of the heart,
measured as RR interval variability (RRV), predicts the development of heart disease in initially healthy subjects in
community studies (12,13) as well as poorer survival in patients with myocardial infarction (14 –16) or heart failure (17).
Evidence also links hostility and anger to autonomic dysfunction. High-frequency (HF) RRV during the daytime was
1

R. P. SLOAN et al.
inversely related to hostility in younger subjects (18). In the
laboratory, hostility was inversely related to HF RRV at rest
(19) and in response to cognitive challenge (20) and carotidcardiac vagal baroreflex testing (21). Among hostile type A
men, administration of isoproterenol was associated with reduced parasympathetic antagonism compared with the response in less hostile type B men (22). In response to cold
forehead stimulation, a vagomimetic stimulus, heart rate (HR)
deceleration was smaller in high hostile compared with low
hostile subjects (23) and in type A compared with type B
subjects (24). These data suggest an inverse association between hostility and cardiac vagal modulation.
Thus, considerable evidence supports associations among
hostility and anger, heart disease, and ANS dysfunction.
Moreover, behavioral interventions that target hostility as part
of more comprehensive stress management protocols have
been shown to reduce risk factors and even disease end points
(25). Nonetheless, no randomized trials have examined
whether reduction of hostility enhances cardiac autonomic
regulation. The capacity of cognitive behavior (CBT) therapy
to successfully reduce hostility, on the other hand, is well
established as several meta-analyses have determined (26,27).
In this paper, we report the results of a randomized controlled
trial testing the hypothesis that a cognitively oriented hostility
reduction program would improve autonomic regulation of the
heart.
METHODS
Study Design
The study was a randomized controlled trial, measuring the effects of CBT
for hostility versus a wait-list control, on 24-hour levels of RRV. All subjects
provided informed consent. The Institutional Review Board of Columbia
University Medical Center approved this study.

Study Participants
We sought healthy young adults, 20 years to 45 years of age, who were
high in hostility. Subjects were recruited from the New York City metropolitan area by print and radio advertising. They received free treatment and were
paid for testing sessions.
Subjects were eligible if they scored ⱖ26 on the 50-point Cook-Medley
Hostility Scale (28) and ⱖ25 on the 30-point trait anger scale of the Spielberger State-Trait Anger Expression Inventory (STAXI) questionnaire (29).
Exclusion criteria included current symptoms of affective disorder, psychosis,
or substance abuse, current usage of psychoactive medication, and any medical condition that affected the ANS or cardiovascular system.
Each eligible participant met individually with a clinician to determine the
appropriateness of CBT for the presenting anger problem. During this interview, the clinician asked about the participant’s reasons for volunteering for
the study, probed for a history of violent behavior or problems with the law,
and collected a brief psychiatric history to rule out serious clinical issues
including mood, anxiety, or personality disorders, and substance use/abuse.
The clinician also reviewed the study protocol including the possibility that
the participant could be assigned to the wait-list condition. Participants who
were deemed to be in need of immediate treatment or for whom our CBT
protocol was considered an inappropriate treatment were referred for treatment elsewhere.

Experimental Protocol
Subjects meeting the enrollment criteria reported to the laboratory at 8
AM for time-1 testing, after having eaten only a light breakfast and abstaining
from caffeinated beverages. A Marquette 8500 electrocardiogram (ECG)
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recorder was attached to two ECG leads (CM2 and CM5). After the recorder
was attached, subjects were evaluated in a laboratory psychophysiology
testing study. Data from this psychophysiology study will be reported elsewhere.
After completing the laboratory study, subjects resumed their regular daily
activities. They removed the Holter recorder the next morning and returned it
by prepaid mailer.
Once the ECG recording was returned, subjects were randomized to either
active CBT treatment for hostility or to a wait-list control condition. After
completion of 12-weekly sessions of treatment or the wait list, subjects
returned for the time-2 testing session and 24-hour ECG monitoring. After
this second session, wait-list subjects began treatment. Time-3 laboratory
testing and 24-hour ECG recording was conducted as a 6-month posttreatment
follow-up for the treatment group and immediately after completing treatment
for the wait-list group. Here, we report results for the time-1 and time-2
testing sessions. Data collection staff were blinded to treatment group assignment. Subjects received free treatment plus $75 for each testing session.

CBT Treatment of Hostility
The CBT protocol involved 12-weekly individual therapy sessions, and
included six categories of methods: 1) psychoeduction; 2) self-monitoring; 3)
cognitive therapy; 4) behavioral therapy (including social and communication
skills training, and problem-solving training); 5) relaxation and visualization
exposure; and 6) in vivo exposure (i.e., contrived exposure to high-risk
situations combined with application of cognitive-behavioral skills). Protocol
details have been described elsewhere (30).

Measurement of Outcome Variables
Psychological Effects of Treatment
Multiple measures of hostility were collected. The Cook-Medley and
STAXI questionnaires and Interpersonal Hostility Assessment Technique
(IHAT) interview were administered at all data collection sessions. In addition
to pre- and posttreatment assessments, CBT patients kept treatment diaries of
anger events, and conducted daily self-ratings of anger levels throughout the
12-week treatment period. This diary was a standard cognitive-behavioral
self-monitoring form on which patients describe any anger-producing episodes rated ⱖ3 on a 0 to 10 scale. The second form, a daily self-rating form
adapted from Borkovec and Costello (31), was completed by the patient just
before going to bed at night. On this form, the patient indicated a) the average
anger level experienced that day; and b) the maximum anger level experienced that day (0 –10 scale).

Measurement of 24-Hour RRV
Holter ECG signals were digitized by a Marquette 8000 or MARS
scanner, and submitted to Marquette algorithms for the initial QRS labeling
and editing. Errors not detected by Marquette editing software were corrected,
using editing algorithms developed at Columbia University (32,33). Analyses
were conducted on 5-minute epochs of ECG data. A sampling interval of 292
ms was used to obtain a 1024-point time series from a series of RR intervals.
Noisy segments or segments with ectopic QRS complexes were spanned by
linear splines (34). For 5-minute segments of ECG, we calculated HR and
spectral power in the following frequency bands: 1) 0.0033 Hz to ⬍0.04 Hz,
very-low-frequency power; 2) 0.04 Hz to ⬍0.15 Hz, low-frequency (LF)
power; and 3) 0.15 Hz to 0.40 Hz, HF power. Time domain estimates
(standard deviation of normal to normal RR intervals, root mean squared
successive differences) were also computed. Separate estimates were generated for the full 24-hour period, daytime (7:30 AM–9:30 PM), and nighttime
(12 AM–5 AM).

Statistical Analysis
Data were analyzed according to intention-to-treat principles, i.e., all
subjects randomized to either condition were included in the statistical analysis, regardless of whether or not they completed the study. For comparison
of baseline characteristics between CBT and wait-list participants, we used
t tests for continuous measures and 2 tests for categorical measures. These
Psychosomatic Medicine 72:1– 8 (2010)
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same analyses were performed for comparisons of dropouts to participants
who returned.
Pearson’s two-tailed correlation was used to determine the strength and
direction of the linear relationship between changes in trait measures and
RRV measures. Regression lines were fit for each treatment group for visual
representation of the relationships.
As descriptive analyses revealed that all three outcomes under study were
positively skewed, the variable values were transformed before initiating the
modeling procedures. An inverse probit transformation of the rank-ordered
values was performed separately for each measure (pooled across sessions),
ensuring that the transformed measures each had a mean of zero, standard
deviation (SD) of 1, and an approximately normal distribution.
To examine the effect of the intervention on psychological outcomes, a
multivariate analysis of covariance model was tested in which there were two
within-person factors, outcome measure (three levels: Cook-Medley, Trait
Anger, and IHAT) and time (two levels: baseline, follow-up), one betweenperson factor (treatment group), and three between-person covariates (age,
sex, body mass index). Full information maximum likelihood estimates of the
model parameters were obtained, using the SAS PROC MIXED procedure, to
use all available data. The resulting estimates are valid under the assumption
that missing data are “missing at random,” which is substantially less restrictive than that required by traditional least-squares estimation procedures that
completely ignore those subjects that are missing any of the six outcome
measures. We initially estimated a full factorial model to test if the treatment

Figure 1.
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effect (Group ⫻ Time ⫻ Measure Interaction) varied by measure. Estimates
of the treatment effect for each outcome are based on the model. Given that
the three-way interaction term was nonsignificant, we estimated the pooled
(across outcomes) treatment effect (Group ⫻ Time Interaction) from a model
that excludes the three-way interaction.

RESULTS
We received 3511 phone calls in response to the recruitment activities (Fig. 1). A total of 479 participants provided
their written informed consent. Of these 479 participants, 208
were disqualified, mostly because they failed to meet CookMedley or STAXI criteria. Ninety-five of those who met the
criteria dropped out of the study before initial testing. A total
of 176 completed initial testing; of these, 18 dropped out
before randomization. The remaining 158 participants were
randomized to either the active treatment (n ⫽ 80) or wait-list
control (n ⫽ 78) group. In four participants in each group,
Holter recording failures were identified after randomization
and start of treatment. In these participants, no pretreatment
RRV data were available and, therefore, data analysis was
based on 76 and 74 participants in the active treatment and

Participant flow diagram.
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TABLE 1.

Age (yr)
Gender
Weight (lb)
Height (in)
BMI (kg/m2)
24-hr HR (beat/min)
24-hr ln HF (ms2)
24-hr ln LF (ms2)
Seated SBP (mm Hg)
Seated DBP (mm Hg)
Cook Medley
Trait Anger

Demographic, Physical, and Psychological Characteristics (Mean ⴞ SD) of Subjects at Study Entry
Active Treatment (n ⫽ 76)

Wait-List Control (n ⫽ 74)

p Value for t Test of
Group Difference

30.46 ⫾ 6.67
49% Male
158.46 ⫾ 33.99
67.80 ⫾ 4.22
24.06 ⫾ 3.75
75.90 ⫾ 8.15
6.11 ⫾ 0.96
7.00 ⫾ 0.65
114.79 ⫾ 10.48
73.36 ⫾ 8.86
32.83 ⫾ 5.87
31.04 ⫾ 4.65

30.84 ⫾ 6.85
45% Male
152.25 ⫾ 32.21
67.53 ⫾ 3.88
23.38 ⫾ 3.57
78.57 ⫾ 9.05
5.93 ⫾ 0.94
6.82 ⫾ 0.61
113.33 ⫾ 12.14
69.27 ⫾ 8.82
32.88 ⫾ 5.44
30.81 ⫾ 3.91

.74
.62
.26
.69
.27
.06
.22
.07
.44
.006
.96
.75

SD ⫽ standard deviation; BMI ⫽ body mass index; HR ⫽ heart rate; HF ⫽ high frequency; LF ⫽ low frequency; SBP ⫽ systolic blood pressure; DBP ⫽
diastolic blood pressure.

wait-list control condition, respectively. Data collection began
in November 2000 and ended in February 2005.
The mean age of subjects was 30.6 ⫾ 6.7 years; 46.7% were
male. Table 1 presents demographic, physical, and physiological
characteristics at study entry. At study entry, subjects assigned to
the wait-list condition had significantly lower diastolic blood
pressure, marginally greater HR, and marginally lower LF power,
but the groups did not differ on any other variable.
Effect of Treatment on Hostility and Anger
A series of mixed multivariate models (multivariate analysis of variance [MANOVA]) revealed a nonsignificant
group ⫻ session ⫻ outcome measure interaction (p ⫽ .289),
indicating that the effect of intervention on the groups did not
differ among the three outcome variables. The group ⫻ session effect was highly significant (p ⬍ .001), with estimates
indicating that the effect of the intervention in reducing outcomes
was greater in the treatment group scores compared with the
wait-list group. There was a significant treatment effect, with an
average reduction across the three outcomes that was approximately 0.7 SD (ES ⫽ 0.685, SE ⫽ .184, p ⬍ .001) greater for the
intervention group than for the control group.
Inspection of Figure 2 confirms the findings from the
MANOVA, showing that for the pooled data (panel A), the
reduction in outcome variables was significantly greater in
the treatment group compared with the wait-list group. The
same pattern generally was seen for each individual outcome variable (Fig. 2, panels B–D).
We further explored the findings by computing post hoc
contrasts of the effect of the intervention in the treatment
group only for each outcome variable separately. CBT led to
a significant reduction in anger (⫺1.071 ⫾ 0.286, p ⬍ .001).
In the treatment group, hostility was marginally reduced
(⫺0.519 ⫾ 0.298, p ⫽ .084). The effect of treatment on the
IHAT was nonsignificant (⫺0.464 ⫾ 0.351, p ⫽ .188).
Forty-six (61%) of the 76 participants assigned to the treatment group were considered to be dropouts, either because they
never began treatment (n ⫽ 24) or began but failed to return for
4

testing (n ⫽ 22). Of the 30 who completed treatment, one failed
to complete time-2 testing. Thus, among those randomized to
treatment, the dropout rate was 61% (46 of 76).
Twenty-two (30%) of the 74 participants assigned to the
wait-list condition failed to return for the second testing session. Forty-nine participants completed time-2 testing and
three missed this testing session but completed treatment. Of
these 49, 14 who never started treatment and 15 who began
but did not return for time-3 testing session were considered to
be dropouts. Among those randomized to the wait-list condition, the dropout rate was 59% (29 of 49).
Few differences between participants who returned for
testing and those who dropped out were found. Compared
with dropouts, those who returned had lower HF (p ⬍ .001)
and LF power (p ⫽ .03), lower SDRR (p ⫽ .03), and diastolic
blood pressure (p ⫽ .02) at study entry. Those who returned
had marginally higher HR and were marginally older. They
did not differ on other variables.
Effect of Treatment on RRV
Table 2 presents the data on HR and RRV for the 24-hour
recordings and for daytime and nighttime. The relationship
between time (pre and post treatment) and HR was not significantly different for the two groups (p ⫽ .43). Similarly, the
relationships between time (pre and post treatment) and mean
24-hour HF, LF, very-low-frequency power and the time
domain indices—namely, standard deviation of normal to
normal RR intervals and root mean squared successive differences— did not significantly differ between the CBT and
wait-list groups. Mixed effect models adjusted for age, sex,
and body mass index showed no significant group ⫻ session
interaction.
Separate analysis of daytime and nighttime RR interval and
RRV yielded similar results. There were no significant
group ⫻ session interactions. A single marginally significant
interaction emerged for nighttime HF power (p ⫽ .09).
We conducted supplementary analyses of changes in RR
interval and RRV only in subjects who returned for posttreatPsychosomatic Medicine 72:1– 8 (2010)
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Figure 2. Change in hostility measured by the pooled estimate (panel A), trait anger (B), Cook Medley Hostility Scale (C), and IHAT (D) from time-1 (pre
treatment) to time-2 (post treatment) in the treatment and wait-list control groups. IHAT ⫽ interpersonal hostility assessment technique.

ment (or wait-list) testing. In these analyses, group ⫻ session
interactions were not significant except for nighttime HF
power (p ⫽ .06). On average, HF increased from pre- to
posttreatment testing by 0.15 ln ms2 (95% CI ⫽ ⫺0.11, 0.41)
in the treatment group whereas it decreased by 0.19 ln ms2
(95% CI ⫽ ⫺0.41, 0.04) in the wait-list group.
In a second set of supplementary analyses, we examined
the relationship between changes in hostility and anger and
changes in RRV. Pearson correlation coefficients were small,
ranging from ⫺0.13 to 0.06. None was significant. Figure 3
presents data for HF power and trait anger.
DISCUSSION
The role of psychological factors in the development of
coronary artery disease now is well established. Such characteristics as hostility, depression, and anxiety confer risk of
coronary artery disease among healthy people and of cardiac
events in patients with existing heart disease. Moreover, these
psychological characteristics all seem to be associated with
ANS dysregulation that may provide a mechanistic link between these traits and coronary artery disease. Although many
studies demonstrate that CBT programs can successfully reduce hostility and anger, there have been no studies examining
the capacity of these hostility-reducing interventions to alter
Psychosomatic Medicine 72:1– 8 (2010)

the ANS pathophysiologic mechanisms thought to link the
ANS to heart disease.
Results of this randomized controlled trial demonstrate
that, as expected, CBT reduced indices hostility and anger.
This finding is consistent with other CBT-based hostility
reduction treatments (26,27). Nonetheless, successful hostility
reduction treatment had no impact on autonomic regulation of
the heart as measured by RRV. This conclusion pertains to
intention-to-treat analyses as well as analyses restricted to
only those subjects who returned for posttreatment testing.
Moreover, across all subjects, there was no relationship between changes in hostility and anger and changes in RRV.
There are several possible interpretations of the negative
findings of our study. First, inverse associations between
hostility and RRV are based on observational studies and, as
recent reports have shown, randomized trials sometimes fail to
support findings from these studies. For example, epidemiologic evidence indicates that diets high in carotenoid-rich
fruits and vegetables and high serum levels of vitamin E and
␤-carotene are associated with a reduced risk of lung cancer.
Nevertheless, a randomized trial of dietary supplementation
with ␣-tocopherol or ␤-carotene found no reduction in the
prevalence of lung cancer (35). Similarly, epidemiological
5
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TABLE 2.

Least Square Means of Interaction Effect From Mixed Model Analyses
Treatment Group

24-hr
HR
ln VLF
ln LF
ln HF
ln SDRR
ln rMSSD
Daytime
HR
ln VLF
ln LF
ln HF
ln SDRR
ln rMSSD
Nighttime
HR
ln VLF
ln LF
ln HF
ln SDRR
ln rMSSD

Wait-List Controls

Pretreatment
(n ⫽ 76)

Posttreatment
(n ⫽ 30)

Pretreatment
(n ⫽ 74)

Posttreatment
(n ⫽ 50)

75.59 ⫾ 0.96
8.00 ⫾ 0.06
7.16 ⫾ 0.07
6.30 ⫾ 0.10
5.00 ⫾ 0.03
3.76 ⫾ 0.05

75.45 ⫾ 1.12
7.93 ⫾ 0.08
7.15 ⫾ 0.07
6.36 ⫾ 0.11
4.97 ⫾ 0.04
3.77 ⫾ 0.05

77.94 ⫾ 0.98
7.88 ⫾ 0.06
6.99 ⫾ 0.07
6.15 ⫾ 0.10
4.97 ⫾ 0.03
3.66 ⫾ 0.05

76.61 ⫾ 0.94
7.85 ⫾ 0.07
6.99 ⫾ 0.06
6.11 ⫾ 0.10
4.93 ⫾ 0.03
3.69 ⫾ 0.05

80.17 ⫾ 1.01
7.99 ⫾ 0.06
7.09 ⫾ 0.06
6.06 ⫾ 0.09
4.85 ⫾ 0.03
3.64 ⫾ 0.04

80.52 ⫾ 1.27
7.91 ⫾ 0.07
7.09 ⫾ 0.07
6.10 ⫾ 0.11
4.81 ⫾ 0.04
3.66 ⫾ 0.05

82.94 ⫾ 1.03
7.86 ⫾ 0.06
6.92 ⫾ 0.06
5.89 ⫾ 0.10
4.82 ⫾ 0.03
3.53 ⫾ 0.04

81.04 ⫾ 1.07
7.85 ⫾ 0.06
6.94 ⫾ 0.06
5.92 ⫾ 0.10
4.79 ⫾ 0.03
3.60 ⫾ 0.05

67.78 ⫾ 1.13
7.78 ⫾ 0.07
7.05 ⫾ 0.09
6.39 ⫾ 0.12
4.69 ⫾ 0.04
3.84 ⫾ 0.06

67.02 ⫾ 1.32
7.76 ⫾ 0.10
7.11 ⫾ 0.11
6.50 ⫾ 0.16
4.56 ⫾ 0.11
3.87 ⫾ 0.11

68.21 ⫾ 1.17
7.77 ⫾ 0.08
7.00 ⫾ 0.10
6.44 ⫾ 0.13
4.63 ⫾ 0.04
3.83 ⫾ 0.06

67.90 ⫾ 1.14
7.74 ⫾ 0.09
6.94 ⫾ 0.10
6.25 ⫾ 0.14
4.49 ⫾ 0.09
3.72 ⫾ 0.09

HR ⫽ heart rate (beat/min); VLF ⫽ very low frequency; LF ⫽ low frequency; HF ⫽ high frequency; SD ⫽ standard deviation; rMSSD ⫽ root mean squared
successive differences.

Figure 3. Scatterplot of changes in trait anger from time-1 to time-2 as they
relate to changes in high-frequency (HF) power from time-1 to time-2. Closed
circles represent the treatment group. Open circles represent the wait-list
group.

evidence of a cardioprotective effect of hormone replacement
therapy has not been supported by randomized trials (36).
These failures to support the findings of observational
studies involved tests of disease end points, whereas our study
tested the impact on a putative mechanism. Nevertheless, it is
possible that associations between hostility and cardiac autonomic control are the products of residual confounding (37).
Rather than being in the causal pathway to ANS dysfunction,
hostility may function as a marker of it. If so, efforts to reduce
hostility may succeed, as we have shown, yet have no impact
on the ANS and, as such, on the risk of coronary heart disease
(CHD).
6

Second, the failure to support the hypothesis may be due to
the very high dropout rate that impeded the ability to detect an
effect of treatment. The dropout rate for participants who did
not return for the second RRV evaluation was 61% in the
treatment group, in contrast to the much lower rate of 30% in
the wait-list group. However, because neither the analysis of
the effect of treatment only in subjects who returned for
posttreatment testing nor the correlational analysis of changes
in hostility and anger and RRV showed any effect, it is
unlikely that the high dropout rate is responsible for the failure
to support the hypothesis.
Moreover, based on the results of the Proc Mixed analysis,
the SD of the change scores for HF power was 0.49 and the
observed treatment effect (the differential change between
groups) was 0.109. Based on this, even with zero attrition, the
p values for this magnitude of difference would have been .18,
and the power of the study to detect this magnitude of effect
would have been well ⬍50%. Thus, our findings are likely
due to the small magnitude of the effect of treatment on
measures of autonomic regulation and not attrition.
Third, it is possible that, although the treatment had a
statistically significant effect on hostility, its true effect on
RRV was obscured by an insufficiently powerful intervention.
To examine this possibility, we identified the four participants
who had the greatest reduction in hostility and anger and
compared them with the three participants who had the least
reduction in these indices. In the former group, ln HF power
increased by 0.23 ms2, compared with an increase of 0.01 ms2
in subjects in the latter group. For ln LF power, the increases
Psychosomatic Medicine 72:1– 8 (2010)
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were 0.31 ms2 and 0.04 ms2, respectively. Thus, it is possible
that to achieve increases in cardiac autonomic control, very
powerful anger and hostility-reducing effects are required,
which are of greater magnitude than the hostility reduction
effects achieved in this trial.
Fourth, it may be that the failure to alter indices of cardiac
autonomic regulation occurred because the link between hostility and anger and the ANS is at best weak or spurious. Two
recently published reports based on large community samples
demonstrated that, while depression was inversely related to
HF power, trait anger was not (38,39). Yeragani and Kumar
also found no relationship between hostility and RRV (40).
Limitations
The association between hostility and CHD is well established, even if our findings on the effect of hostility and anger
reduction on cardiac autonomic regulation were negative.
Other mechanisms, e.g., increased platelet aggregability, enhanced inflammatory activity, or increased expression of the
metabolic syndrome, have been proposed as pathophysiological factors linking hostility to CHD (41). Our failure to
demonstrate an autonomic effect of hostility reduction tells us
nothing about an effect of hostility reduction on these other
possible mechanisms.
Attrition in the study was far greater than expected, raising
the possibility that the lack of an effect of hostility reduction
on cardiac autonomic regulation was due to insufficient statistical power. Although attrition reduced the statistical power,
this cannot account for the lack of a significant finding. The
observed treatment effect was so small that even with zero
attrition, this magnitude of effect would not have been significant; the p value would still have exceeded .15.
Nevertheless, the high attrition rate merits some consideration. High dropout rates are common in behavioral treatment
programs, suggesting that participants see them as too burdensome. At the same time, one possible account of the failure
to demonstrate an effect of treatment on autonomic regulation
was that the intervention was not sufficiently powerful. These
two considerations—participant burden and intervention intensity—are at odds with each other, and a challenge for
behavioral medicine is to design future interventions that are
sufficiently powerful and not excessively burdensome.
CONCLUSIONS
In this randomized controlled trial, CBT succeeded in
reducing hostility and anger compared with a wait-list control
group, but hostility reduction had no impact on autonomic
regulation of the heart. Because evidence consistently has
supported an association between hostility and CHD, these
findings are consistent with several possibilities: that autonomic dysfunction is not a pathophysiological mechanism in
the hostility-CHD pathway, i.e., it is merely a marker of an
elevated risk of CHD, or that CBT-based hostility reduction
can achieve an autonomic enhancing effect only for participants with dramatic reduction in hostility.
Psychosomatic Medicine 72:1– 8 (2010)
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