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a b s t r a c t
Hostility and adverse health outcomes are inconsistently associated in the literature. Self-regulation
and cortisol secretion may play important roles in differentiating those hostile individuals who are at
greater risk of negative health outcomes from those who are not. In the present study, we sought to
examine if having high self-regulatory strength, as indexed by high stress-induced high-frequency heart
rate variability (HF-HRV), buffered the effects of hostility on cortisol secretion. Participants (N = 213)
completed a self-report measure of hostility and measurement of HF-HRV at rest and during a social
stress task. Saliva samples were collected immediately before (one sample), and over a 50 min period
after (six samples), the stress task to evaluate cortisol secretion over time. Hostile individuals were less
likely to demonstrate cortisol sensitivity (i.e., high change in cortisol over time) when they had high stressinduced HF-HRV. Such ﬁndings are important given that cortisol sensitivity increases risk of metabolic
and inﬂammatory disorders via glucocorticoid resistance and inﬂammation. Therefore, interventions that
increase stress-induced HF-HRV may reduce the impact of hostility on health outcomes.
© 2016 Elsevier Ltd. All rights reserved.

1. Introduction
There is wealth of evidence in the health psychology and
behavioral medicine literatures indicating that chronic anger and
hostility contributes to the etiology of coronary heart disease (CHD)
and other life-threatening illnesses. Indeed, episodes of anger and
hostility precipitate coronary events (Dembroski et al., 1983). Hostility is a personality trait that includes cynicism/mistrust of others,
anger, and overt and repressed aggression (Cook and Medley, 1954).
Importantly, hostility is an independent risk factor for coronary
heart disease and all-cause mortality after accounting for traditional health behaviors (Chida and Steptoe, 2009; Miller et al.,
1996). Exaggerated stress reactivity partially explains these ﬁndings (Kiecolt-Glaser et al., 2005). Although hostility is a signiﬁcant
independent predictor of cardiac events, the ﬁndings relating hostility with adverse clinical outcomes are inconsistent (Hemingway,
1999). For example, hostility was not associated with CHD among
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large samples of patients undergoing angiography (Dembroski
et al., 1985; Helmer et al., 1991). Moreover, a non-signiﬁcant association between hostility and CHD was identiﬁed in a 30-year
longitudinal study (Leon et al., 1988). Accordingly there are likely
third variables that inﬂuence the association between hostility and
health. In the present study, we sought to examine under what
conditions hostility is associated with negative physiological outcomes.
Hostility is associated with substantial physiological repercussions for some hostile individuals, but importantly, not for others
(e.g., Weidner et al., 1989). The mechanisms driving this ﬁnding are
not fully understood. One possibility is that there are alterations
in physiological systems that regulate hormonal activity, such as
the hypothalamic– pituitary–adrenal (HPA) axis, for some hostile
individuals. Widely referred to as the “stress hormone,” cortisol is
a glucocorticoid that is released by the adrenal glands when the
hypothalamic pituitary adrenal (HPA) axis is activated by stress.
Cortisol is important for establishing homeostasis after exposure
to a stressor. In two studies, cortisol production was high among
hostile individuals who developed coronary heart disease and type
2 diabetes (Brydon et al., 2010; Hacket et al., 2015). Such ﬁndings suggest that cortisol is important for distinguishing between
hostile individuals who experience negative health outcomes and
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those who do not. Importantly, recent work suggests that cortisol sensitivity (i.e., change in cortisol concentrations over time),
as opposed to total cortisol output, is associated with glucocorticoid resistance and negative health outcomes such as inﬂammatory
and metabolic diseases (e.g., coronary heart disease, rheumatoid
arthritis, sepsis, type 2 diabetes, metabolic syndrome; for a review,
see Quax et al., 2013). Cortisol sensitivity is determined by multiple factors including functional polymorphisms of the gene that
encodes glucocorticoid receptors, chronic stress, and waking hours
(Quax et al., 2013). It is unclear why some hostile individuals would
demonstrate more cortisol sensitivity than others; however, selfregulation likely plays an important role given the association
between stress and cortisol sensitivity.

1.1. Self-regulation, heart rate variability, and health
Individuals with poor self-regulatory skills (i.e., the ability to
regulate behavior, emotion, and cognition; Gross, 2013) are at risk
of poor physical health. Indeed, poor self-regulation is associated
with increased risk of cardiovascular disease (Thayer et al., 2010)
and mortality in comparison with better self-regulation (Mauss and
Gross, 2004). Given that hostility is characterized as the experience
of cynicism, anger, and either overt or repressed aggression, hostile individuals may need to regulate internally generated thoughts,
behaviors, and emotions in order to avoid negative mental and
physical health outcomes (Andrews-Hanna et al., 2014).
According to the neurovisceral integration model (Thayer and
Lane, 2009), high frequency heart rate variability (HF-HRV) reﬂects
people’s ability to ﬂexibly respond their environment, including
the regulation of stressful thoughts. Stress-induced HF-HRV has
been described as representing one’s regulatory strength, or the
ability to exert enough self-regulatory effort to overcome demanding circumstances (e.g., Beauchaine, 2001; Segerstrom and Nes,
2007). Hostile individuals may beneﬁt from high HF-HRV when
confronted with hostile thoughts and feelings. Indeed, hostile individuals who were exposed to a biofeedback training program that
improved HF-HRV demonstrated lower hostility one month after
the treatment (Lin et al., 2015). However, it is unclear whether
stress-induced HF-HRV changes the association between hostility and biological outcomes such as cortisol output. Given that
stress-induced HF-HRV represents regulatory strength, high stressinduced HF-HRV may buffer the negative physiological effects of
hostility. That is, when confronted with hostile thoughts or feelings,
those with high stress-induced HF-HRV may have the regulatory
strength necessary to adaptively regulate their thoughts or feelings
so they do not lead to maladaptive physiological stress responses
such as cortisol sensitivity. Those with low stress-induced HFHRV may be more likely to act on, or ineffectively repress, hostile
thoughts or feelings, and experience poor physiological outcomes
as a result.
In the present study, we sought to examine the potential interactive effects between hostility and stress-induced HF-HRV in
predicting cortisol output following a stressor. Consistent with the
available literature, it was hypothesized that higher hostility would
be associated with greater cortisol sensitivity (i.e., change in cortisol
concentration over time following a stressor); however, we hypothesized that individual’s stress-induced HF-HRV would change the
association between hostility and cortisol sensitivity such that the
association would be signiﬁcant among those with low stressinduced HF-HRV, but not among those with high stress-induced
HF-HRV.
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2. Materials and methods
Data from the Pittsburgh Cold Study 3 were utilized in the
present study. The data are publicly available and have been
described previously (e.g., Cohen et al., 2013; Janicki-Deverts et al.,
2014). Brieﬂy, healthy individuals from the Pittsburgh, Pennsylvania area were recruited to participate between 2008 and 2011. The
study was approved by the Carnegie Mellon University and University of Pittsburgh institutional review boards. All participants
provided informed consent and were compensated with $1000 for
completing the full study protocol.
For the present study, participants (N = 213) completed a selfreport measure of trait hostility and HF-HRV was measured at
rest and during the well validated Trier Social Stress Test (TSST;
Kirschbaum et al., 1993). In the present study, participants were
told that they would be delivering a ﬁve-minute speech. The speech
involved defending against an alleged transgression (i.e., shoplifting or a trafﬁc violation which were counterbalanced). Following a
ﬁve minute preparation period, participants delivered the video
recorded speech during which HF-HRV was recorded. After the
speech, participants completed a mental arithmetic task, which is
standard for the TSST. Participant saliva was collected before and
after the TSST as described below.
2.1. Measures
2.1.1. Trait hostility
Trait hostility was measured with a modiﬁed version of the
Cook-Medley Hostility Scale (Cook and Medley, 1954) in which the
20 items comprising the cynicism, hostile affect, and aggressive
responding subscales were utilized as recommended by Barefoot
et al. (1989). For each item, participants were asked to indicate
whether a statement about how an individual may view others was
true or false for them. The number of responses that were consistent
with hostility (two items were reverse coded) for each participant
were summed to form an overall score in which higher scores represent greater hostility. Internal consistency for the 20 item scale
in the present was acceptable (␣ = 0.71).
2.1.2. Heart rate variability
HF-HRV was recorded using a respiration band and three electrocardiogram leads (Vernier Software & Technology, Beaverton,
OR). The baseline period lasted 20 min. Participants were instructed
to sit upright in a chair and rest quietly. Interbeat interval (IBI)
sequences were recorded using an automated algorithm (Mindware Version 2.51, Mindware Technologies, LTD) and a 250 Hz
sampling frequency (Malik, 1996). Measurement of HF-HRV during baseline was separated into ﬁve minute epochs. IBIs were
inspected for abnormalities and edited manually. Spectral analysis of IBIs was conducting using a Fast Fourier transformation
algorithm (Duhamel and Vetterli, 1990). High frequency (HF) band
power was calculated as the sum of the powers associated with
any peaks in the range of 0.12 Hz–0.40 Hz. The four baseline epochs
were averaged to form an overall indicator of baseline HF-HRV. The
same procedure was utilized to measure stress-induced HF-HRV
during the TSST, which consisted of a single ﬁve minute epoch.
2.1.3. Cortisol
Saliva samples were collected with Salivette® devices (Sarstedt,
Rommelsdorft, Germany), which include a roll of cotton contained
within a collection tube. At each collection point, participants were
instructed to place the cotton roll in their mouths and chew it until it
became saturated before placing the cotton role into the inner vial
of the Salivette and capping the outer tube. Saliva was collected
immediately before engaging in the TSST, immediately following
the TSST, and every ten minutes during a 50-min period there-
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after (7 samples total). Cortisol samples were sent to Dr. Clemens
Kirschbaum’s laboratory in Dresden, Germany where they were
assayed. Time-resolved ﬂuorescence immunoassay, with a cortisolbiotin conjugate as a tracer1, was utilized to determine cortisol
levels in saliva (Dressendörfer et al., 1992).
2.1.4. Covariates
Self-reports of participant age, sex, race, and smoking status
were provided. Moreover, participant height and weight were measured to calculate a body mass index (BMI). The Macarthur Scale of
Subjective Social Status USA ladder version (Adler et al., 2000) was
utilized to measure adult socioeconomic status (SES). Participants
were asked to indicate their own social status on an illustration of
a nine step ladder in which the top represents those with the most
education, money, and respected jobs. Conversely, the bottom step
of the ladder represents those with the least education, money, and
respected jobs. Participants were asked to place an “X” on the ladder that best represented their current position. Scores range from
1 (lowest status) to 9 (highest status).
2.2. Analytic strategy
Full information maximum likelihood (FIML) was utilized to
handle random missing data, which is superior to listwise deletion or mean imputation (e.g., Akaike, 1998). Data were obtained
from all participants for trait hostility, age, sex, race, BMI, smoking status, and SES. Valid HF-HRV data was obtained from 199
participants at baseline and 190 participants during the stressor.
Furthermore, valid cortisol measurements across all seven time
points were obtained from 202 participants. Baseline HF-HRV was
included as a covariate in order for our results to reﬂect stressinduced HF-HRV relative to baseline. As expected when examining
HF-HRV, baseline and stress-induced HF-HRV demonstrated high
skewness and kurtosis (all values greater than 3.25). Accordingly, a
natural log transformation was utilized to normalize the distributions of the variables. Linear regression analyses were utilized to
test for moderation (Hayes, 2013). Predictors were mean centered
prior to the analyses. Further, the Johnson-Neyman technique was
utilized to identify regions of signiﬁcance in moderation analyses
(Johnson and Fay, 1950). We included the area under the curve
(AUC) as our dependent variable given that stress-induced cortisol
secretions change over time (e.g., Earle et al., 1999; Elzinga et al.,
2005). Speciﬁcally, we calculated AUC with respect to sensitivity
over time to test our primary hypotheses (AUCI ; see Fekedulegn
et al., 2007). We also utilized AUC with respect to baseline (AUCB ),
which reﬂects total cortisol output (Fekedulegn et al., 2007), in
ancillary analyses.
3. Results
Descriptive statistics for study variables are presented in
Table 1. Zero-order correlations revealed that participant sex
(r = −0.16, p = 0.02) and race (r = −0.16, p = 0.02) were signiﬁcantly
associated with trait hostility such that males and non-White
participants reported greater hostility. Participant age (r = −0.47,
p < 0.01), baseline HF-HRV (r = 0.72, p < 0.01), and body mass index
(r = −0.34, p < 0.01) were associated with stress-induced HF-HRV.
Furthermore, participant age (r = −0.18, p = 0.01) and sex (r = −0.26,
p < 0.001) were associated with cortisol AUCI , with greater AUCI
among males. Using a linear regression analysis (see Table 2),
trait hostility and stress-induced HF-HRV were not signiﬁcantly
associated with cortisol AUCI ; however, there was an interaction
effect such that trait hostility was statistically signiﬁcantly associated with cortisol AUCI when stress-induced HF-HRV was low, but
not high (see Fig. 1). Speciﬁcally, trait hostility and cortisol AUCI
were signiﬁcantly associated when the natural log transformation

Table 1
Participant characteristics (N = 213).
Variable

Mean (SD) or number (%)

Age
Sex
Male
Female

30.13 (10.85)
123 (57.75)
90 (42.35)

Ethnicity
White
Non-white
Body mass index

71 (33.33)
142 (66.67)
27.46 (6.50)

Smoking status
Smoker
Non-smoker
Socioeconomic status ladder score
Trait hostility
Ln transformed baseline HF-HRV
Ln transformed stress-induced HF-HRV
Stress-induced cortisol AUCI
Stress-induced cortisol AUCB

72 (33.80)
141 (66.20)
4.23 (1.87)
10.03 (3.68)
6.22 (1.19)
6.16 (1.14)
259.08 (213.06)
56.18 (3.88)

Note. HF-HRV = high frequency heart rate variability; AUCI = area under the curve
with respect to increase/decrease; AUCB = area under the curve with respect to
baseline. The unit of cortisol measurement was nmol/l.

Fig. 1. Stress-induced cortisol area under the curve with respect to
increase/decrease (AUCI ) at high (+1 SD) and low (-1 SD) levels of trait hostility and
stress-induced high frequency hear rate variability (HF-HRV). * = signiﬁcant slope.

of stress-induced HF-HRV was less than 5.66, which represented
27.23% of the sample. Fig. 2 depicts cortisol levels at high (+1 SD)
and low (−1 SD) hostility and stress-induced HF-HRV.
The experimental hypotheses tested above involved cortisol
sensitivity. We wanted to compare this with the baseline hypothesis involving total cortisol output (as we argued that sensitivity
mattered more than output). To this end, we examined cortisol
AUCB as a dependent variable in an analysis that was analogous
to the linear regression described above in order to examine if the
interaction between hostility and stress-induced HF-HRV was associated with total cortisol output. Results indicated that hostility,
stress-induced HF-HRV, and the interaction between hostility and
stress-induced HF-HRV were not statistically signiﬁcantly associated with cortisol AUCB (see Table 2). All primary ﬁndings were
signiﬁcant in unadjusted models (see Table 3).
4. Discussion
Hostility is associated with increased risk of CHD and all-cause
mortality (Chida and Steptoe, 2009; Miller et al., 1996). Cortisol
sensitivity is a mechanism that may link hostility with inﬂammatory and metabolic diseases (Quax et al., 2013). However, some
hostile individuals do not experience negative health outcomes
(e.g., Newman et al., 2011), which may be explained by ﬁndings
indicating that there was a synergistic relationship between hostility and one’s capacity for self-regulation. In the current study,
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Fig. 2. Cortisol slopes associated with high (+1 SD) and low (-1 SD) hostility and stress-induced high frequency heart rate variability. 1 = Immediately before the stressor;
2 = Immediately after the stressor; 3 = 10 min after the stressor; 4 = 20 min after the stressor; 5 = 30 min after the stressor; 6 = 40 min after the stressor; and 7 = 50 min after
the stressor.

we demonstrated that hostility was unrelated to cortisol sensitivity
if stress-induced HF-HRV was high. When stress-induced HF-HRV
was low, higher trait hostility was associated with greater cortisol
sensitivity. Accordingly, stress-induced HF-HRV may be important
for understanding why some hostile individuals experience negative health outcomes, while others do not.
HF-HRV is associated with one’s ability to react ﬂexibly to their
environment and utilize effective self-regulation strategies (Thayer
and Lane, 2009). Accordingly, present study data may suggest that
those with frequent hostile thoughts may be able to successfully
regulate such thoughts if they have the regulatory strength to do
so. If successfully regulated over time, hostility may not lead to cortisol sensitivity; however, unsuccessful regulation of hostility may
lead to cortisol sensitivity. Such ﬁndings may explain why individuals with mood disorders are more likely to demonstrate cortisol
sensitivity than those without a mood disorder (Quax et al., 2013;
Young et al., 2001), given that successful self-regulation is associated with decreased risk of mental health problems (Gross and
Muñoz, 1995).
As mentioned previously, HF-HRV can be improved via biofeedback, and is effective at reducing hostility among some hostile
individuals (Lin et al., 2015). Exercise (Iellamo et al., 2000) and
mindfulness meditation (Krygier et al., 2013) are also associated
with improvements in HF-HRV. Therefore, hostile individuals may
beneﬁt from a number of non-invasive treatments by which the
strength of the association between hostility and cortisol sensitivity
may be reduced. There are a number of other pathophysiological mechanisms (e.g., macrophage migration inhibitory factor,
mitogen-activated protein kinases) that may lead to improved
cortisol sensitivity if targeted in treatment; however, the clinical

effectiveness of these pathways remains unclear and costly side
effects can occur (e.g., restricted capacity for bone marrow to generate progenitor cells; Quax et al., 2013).
Cortisol has robust effects on immune cell development, maturation, trafﬁcking, and cytokine production, including production of
proinﬂammatory cytokines (McEwen et al., 1997). For those hostile
individuals who are physiologically reactive to stress, inﬂammation may be one important mechanism underlying the association
between hostility and poor health. Indeed, individuals who demonstrated hostile behaviors in a marital conﬂict discussion had larger
increases in plasma IL-6 and TNF-alpha values the morning after
the conﬂict compared with couples who displayed less hostility
(Kiecolt-Glaser et al., 2005). Moreover, cortisol sensitivity promotes glucocorticoid resistance (Quax et al., 2013), which further
enhances inﬂammation (e.g., Miller and Raison, 2016) and increases
risk of cardiovascular disease, type 2 diabetes, some cancers, and
morbidity and mortality (Kiecolt-Glaser et al., 2010). Therefore,
future work would beneﬁt from including measurement of both
cortisol sensitivity and proinﬂammatory cytokines to extend the
literature.
The present study is limited by the predominantly white sample. It will be important to investigate whether primary ﬁndings
exist among diverse groups in future work given ethnic variations
in HF-HRV (e.g., Hill et al., 2015). In the present study, the TSST was
modiﬁed such that participants were asked to defend an alleged
transgression as opposed to providing a speech as if they were a job
applicant (Kirschbaum et al., 1993). Although both situations are
arguably stressful, the similarities and/or differences in stress promotion are unclear. The study is also limited by the lack of inclusion
of disease outcomes; however, given consistent ﬁndings link-

226

K.W. Murdock et al. / Psychoneuroendocrinology 75 (2017) 222–227

Table 2
Linear regression analyses of trait hostility, stress-induced heart rate variability, and
their interaction in predicting cortisol area under the curve with respect to increase
and baseline.
DV

Predictors

b

SE

p

95% CI

Trait hostility
Stress-induced
HF-HRV
Trait hostility x
stress-induced
HF-HRV
Age
Sex

5.06
−15.44

3.94
18.65

0.20
0.41

−2.71, 12.84
−52.21, 21.33

−7.27

3.39

0.03

−13.94, −0.59

−4.24
−111.85

1.59
29.46

0.01
>0.001

Race
Body mass
index
Socioeconomic
status
Smoking status
F
df
R2
R2

31.21
4.19

31.22
2.44

0.32
0.09

−7.38, −1.10
−169.95,
−53.76
−30.36, 92.77
−0.63, 9.00

4.79

7.70

0.54

−10.39, 19.96

3.27
4.61
(1, 202)
0.15
0.02

31.44

0.92

−58.73, 65.27

0.03
−0.17

0.36
0.36

0.64
0.65

−0.87, 0.54
−0.11, 0.18

−0.04

0.07

0.50

−0.17, 0.08

−0.06
−1.03
0.83
0.02

0.03
0.56
0.60
0.05

0.07
0.07
0.17
0.74

−0.12, 0.01
−2.14, 0.08
−0.35, 2.00
−0.08, 0.11

−0.12

0.15

0.41

−0.41, 0.17

0.40
0.45
(1, 202)
0.06
<0.01

0.60

0.51

−0.79, 1.58

Table 3
Unadjusted linear regression analyses predicting cortisol area under the curve with
respect to increase and baseline.
DV

AUCI

AUCB
Trait hostility
Stress-induced
HF-HRV
Trait hostility x
stress-induced
HF-HRV
Age
Sex
Race
Body mass
index
Socioeconomic
status
Smoking status
F
df
R2
R2

Predictors

b

SE

p

95% CI

Trait hostility
Stress-induced
HF-HRV
Trait hostility x
stress-induced
HF-HRV
F
df
R2
R2

52.54
64.01

22.27
40.34

0.02
0.11

8.64, 96.44
−15.52, 143.54

−7.26

3.51

0.04

−14.18, −0.34

Trait hostility
Stress-induced
HF-HRV
Trait hostility x
stress-induced
HF-HRV
F
df
R2
R2

0.36
0.55

0.41
0.75

0.39
0.47

−0.46, 1.17
−0.93, 2.02

−0.05

0.07

0.45

−0.18, 0.08

AUCI

4.28
(1, 208)
0.04
0.02

AUCB

0.57
(1, 208)
0.01
<0.01

Note. DV = dependent variable; SE = standard error, HF-HRV = high frequency heart
rate variability; AUCI = area under the curve with respect to increase; AUCB = area
under the curve with respect to baseline.

be appropriately regulated if one has the self-regulatory strength
to do so, thereby reducing the physiological costs of hostility.
Contributors

Note. DV = dependent variable; SE = standard error, HF-HRV = high frequency heart
rate variability; AUCI = area under the curve with respect to increase; AUCB = area
under the curve with respect to baseline. Sex coded as 0 = male, 1 = female;
Race coded as 0 = non-White, 1 = White; Smoking status coded as 0 = non-smoker,
1 = smoker.

ing cortisol sensitivity with inﬂammatory and metabolic diseases
(Quax et al., 2013), we can be conﬁdent that present study ﬁndings
have important implications for health. Moreover, overt hostile
behaviors were not examined in the present study. It would be
interesting to examine if high stress-induced HF-HRV reduces the
likelihood that hostile individuals engage in overt hostile behaviors
in future work. Furthermore, although there is a large literature
linking HF-HRV with self-regulation, caution is warranted when
inferring associations between psychophysiological markers, such
as HF-HRV, and a psychological construct such as self-regulatory
strength (Cacioppo and Tassinary, 1990). We cannot say for certain
that stress-induced HF-HRV represents self-regulatory strength as
physiological responses are multiply determined and sensitive in
a number of ways; however, our ﬁndings are consistent with the
available literature.
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