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j Abstract Cardiac autonomic response abnormal-
ity associated with trait anger has been recognized to
elevate blood pressure in daily life, leading to ath-
erosclerotic progression and cardiovascular disease.
To clarify the relationship between anger-related
personality traits and cardiac autonomic response in
healthy elderly subjects, 54 volunteers consisting of 30
male (mean age 62.2 ± 5.4) and 24 female (mean age
58.4 ± 4.6) subjects underwent testing of heart rate
variability (HRV) with head-up tilt. For the evaluation
of trait anger, we used a questionnaire corresponding
to the trait anger score taken from the State and Trait
Anger Expression Inventory. Furthermore, we mea-
sured carotid intima-medial thickness (IMT) to eval-
uate atherosclerotic progression in subjects with
anger trait. In female subjects, higher trait anger was
positively associated with elevated carotid IMT and
the suppression of HRV vagal attenuation from the
supine to head-up position, and negatively associated
with the HRV sympathetic activity in the head-up
position and also with the HRV sympathetic response
from the supine to head-up position. In male subjects,
trait anger was not significantly associated with car-
otid IMT or any HRV component with or without
head-up tilt testing. We conclude that a simple non-
invasive measure, short-term HRV with head-up tilt
testing, could be a useful method to investigate the
association between cardiac autonomic imbalance

and increased risk of atherosclerosis associated with
trait anger in healthy elderly subjects.

j Key words anger personality trait Æ heart rate
variability Æ autonomic response Æ postmenopausal
female subjects Æ intima-medial thickness

Introduction

Short-term recording (usually 2–15 min) of supine
heart rate variability (HRV), a noninvasive and con-
venient measure of cardiac autonomic function, has
been used as an indicator of cardiovascular health.
Reduced HRV, reflecting abnormalities of cardiac
sympatho-vagal modulation, is a predictor of all-
cause mortality, arrhythmic events, and sudden death
after acute myocardial infarction [1]. However, nor-
mal cardiac autonomic functioning is also reflected by
the shift from parasympathetic to sympathetic mod-
ulation in response to environmental or physiologic
stimuli. The HRV response to gravitational stress
imposed by postural change is a sensitive measure of
the shift in cardiac autonomic balance from para-
sympathetic predominance at rest to sympathetic
predominance, to accommodate the increased cardiac
demands of standing [4]. As a laboratory technique to
elicit sympathetic activation, postural change has
been recognized as a simple noninvasive procedure
that is readily quantifiable and correlates well with
changes of reproducible behavioral and hemody-
namic condition [13].

Anger-related personality traits have been shown
to be associated with atherosclerosis and cardiovas-
cular disease (CVD) [2, 7]. Negative affect composed
of anger elevates blood pressure (BP) temporarily,
which increases atherosclerotic changes and cardio-
vascular mortality and morbidity [3, 9]. Transient BP
elevation associated with anger is suggested to result
from predominant sympathetic nerve activation [12].

K. Narita, MD, PhD Æ T. Murata, MD, PhD (&)
T. Takahashi, MD, PhD Æ H. Kosaka, MD, PhD Æ Y. Wada, MD, PhD
Department of Neuropsychiatry
University of Fukui
Fukui, Japan
Tel.: +81-776/61-8363
Fax: +81-776/61-8136
E-Mail: tmurata@fmsrsa.fukui-med.ac.jp

T. Hamada, PhD Æ H. Yoshida, MD, PhD
Department of Clinical and Laboratory Science
University of Fukui
Fukui, Japan

Eur Arch Psychiatry Clin Neurosci (2007) 257:325–329 DOI 10.1007/s00406-007-0724-4
E

A
P

C
N

724



However, a recent study using the method of short-
term recording of supine HRV showed no significant
association between anger-related personality traits
and HRV components [27]. Most investigations that
have shown significant associations between anger-
related personality traits and HRV components have
used the methods of the long-term 24-h recording of
HRV or the HRV response to mental stress [10, 20].
Few studies have examined the relationship between
anger-related personality traits and the short-term
HRV response to postural change.

The objective of our preliminary study was to
examine the association between trait anger and the
cardiovascular response of HRV with head-up tilt
testing in elderly subjects. In addition, we measured
carotid intima-medial thickness (IMT) to evaluate
atherosclerotic progression in subjects with anger
trait [22]. Measurement of carotid IMT employs B-
mode ultrasonography, which can detect morpho-
logical changes of the carotid artery, consisting of
both an intimal atherosclerotic process and medial
hypertrophy [14].

Methods

j Subjects

Fifty-four healthy elderly subjects (30 males, mean age 62.2 ± 5.4;
24 females, mean age 58.4 ± 4.6) were recruited from general
inhabitants in Fukui prefecture, Japan, using a brochure that
described the following criteria for exclusion: history of major
atherosclerotic risk factors (such as hypertension, hypercholester-
olemia, diabetes mellitus), history of CVD (coronary artery disease,
congestive heart failure, or hemodynamically significant valvular
disease), history of neurological or psychiatric illness, chronic
alcoholism, smoking, obesity with a body mass index (BMI) above
26, and continuous administration of drugs. Only postmenopausal
females were included as female subjects. All subjects gave their
written informed consent. The protocol of this study was approved
by the ethics committee of our university.

j Experimental procedure

All subjects underwent BP measurement in the clinic three times (at
about 10:00 a.m.) after a 10-min rest in the supine position, and the
mean value was calculated as systolic or diastolic BP. The subjects
then underwent venous blood sampling from an antecubital vein in
the right arm before noon without having eaten breakfast to measure
the serum concentration of total cholesterol (TC). After lunch, at
1:00 p.m., for the evaluation of anger-related personality profiles,
subjects completed a questionnaire of 10 items (each item consisting
of 4-point scale) corresponding to the trait anger score taken from
the State and Trait Anger Expression Inventory (STAXI) constructed
and validated by Spielberger [23], and a lower score reflected a better
psychological status. At 2:30 p.m., the subjects underwent a 30-min
ECG for HRV (15 min in the supine position and 15 min in the head-
up position). The subjects subsequently underwent B-mode ultr-
asonographic measurement of carotid artery IMT.

j Power spectral analysis of HRV with head-up tilt testing protocol

In a quiet and comfortable environment, the subjects were in-
structed to lie in the supine position on a bed. After allowing
10 min for stabilization, the ECG was recorded for 15 min as a

baseline condition (supine). Afterward, the subjects underwent
head-up tilt testing, a passive orthostatic maneuver achieved with a
motorized tilt upright (90�). The subjects then underwent ECG
(head-up) during a 15-min upright session. During ECG in both
positions, the subjects maintained their breathing at the fixed rate
of 0.25 Hz in tempo with the sound of a metronome, because the
respiratory frequency influences the HRV [21].

Power spectral analysis of the recording of HRV for 256 con-
secutive seconds was performed sequentially with a fast Fourier
transform using a Hamming window (Fukuda-Denshi Co., Tokyo,
Japan). The following frequency components of HRV were calcu-
lated: the area under the low-frequency (LF component, 0.04–
0.15 Hz), high-frequency (HF component, 0.16–0.45 Hz) portions
of the spectrum. These components were obtained in absolute
values of power (ms2). HF corresponds to vagally mediated mod-
ulation of HRV, and LF corresponds to baroreflex control of the
heart rate and reflects mixed sympathetic and parasympathetic
modulation of HRV [18]. The LF/HF ratio, as an estimate of sym-
pathovagal balance, was also calculated from the absolute power of
both frequency components [25]. DLF, DHF and DLF/HF were also
calculated as the difference between the values in the head-up
position and the supine position. Because the distribution of the
measurements of HRV was skewed, the log transformation of each
measure, which produces normal distributions, was applied.

j Carotid B-mode ultrasonography

Carotid B-mode ultrasonography was performed using a LOGIQ500
MD MR3 (General Electric Medical Systems), and carotid athero-
sclerosis was examined using an 8.8-MHz wideband transducer.
The carotid IMT was measured as the distance between the lumen-
intima interface and the media-adventitia interface at the far wall
on each side in the B-mode image according to the method of
Handa et al. [6].

j Statistical analysis

Statistical analysis was carried out using SPSS software for Win-
dows version 9 (SPSS Japan Inc., Tokyo, Japan). The t-test was used
to assess the significance of differences between gender groups.
Simple correlation analyses and an analysis of variance of a general
linear model were performed to evaluate the relationships among
trait anger score, HRV components, carotid IMT, age, BMI, sys-
tolic/diastolic BP and serum TC concentration in all subjects, male
subjects or female subjects. Furthermore, one-way analysis of
variance (ANOVA) was performed to examine the relationships
between the high- and low-trait anger subgroups among female
subjects with high and low trait anger score.

Results

The demographic characteristics (i.e. age and educa-
tion), biological parameters (i.e. BMI, systolic/diastolic
BP and TC), trait anger score and HRV components
(data not shown) showed no significant difference be-
tween the males and females. The diastolic BP of male
subjects (80.3 ± 8.1 mmHg) was higher than that of
female subjects (75.1 ± 10.4 mmHg) (p < 0.05). Sim-
ple correlation analysis failed to show a significant
association between trait anger score and any biological
index (age, BMI, systolic/diastolic BP or the serum
concentration of TC) in all subjects or in male or female
subjects (data not shown).

Table 1 shows the associations between trait anger
score and HRV components. There was no significant
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association between trait anger score and any HRV
component in all subjects or in male subjects. In fe-
male subjects, trait anger score was positively corre-
lated with HFhead-up (r = 0.490, p < 0.05) and DHF
(r = 0.449, p < 0.05), and negatively correlated with
LF/HFhead-up (r = )0.576, p < 0.01) and DLF/HF
(r = )0.534, p < 0.01). In addition, trait anger score
in female subjects was positively correlated with car-
otid IMT (r = 0.597, p < 0.01). Using analysis of
variance in a general linear model, trait anger in fe-
male subjects was significantly associated with HFhead-

up (F = 6.964, p = 0.015), LF/HFhead-up (F = 10.902,
p = 0.003), DHF (F = 5.558, p = 0.028) and DLF/HF
(F = 8.790, p = 0.007). Also, anger trait in females
was significantly associated with carotid IMT
(F = 12.162, p = 0.002).

For trait anger score, female subjects were classi-
fied into two groups according to whether the score
was higher or lower than the median (high-trait anger
and low-trait anger groups), and HRV components
(HF and LF/HF) were compared between the two
groups (Table 2). Using one-way ANOVA, the high-
trait anger group showed higher HFhead-up and lower
DHF than the low-trait anger group (F = 4.827,
p < 0.05 and F = 8.283, p < 0.01, respectively). Also,
the high-trait anger group showed lower LF/HF head-up

and lower DLF/HF than the low-trait anger group
(F = 7.224, p < 0.05 and F = 9.975, p < 0.01, respec-
tively). Furthermore, the high-trait anger group
showed higher carotid IMT than the low-trait anger
group (F = 4.350, p < 0.05).

Discussion

Our results did not show significant associations be-
tween anger trait score and HRV components in all
subjects or male subjects. On the other hand, trait
anger score was positively associated with DHF (or
HFhead-up) and negatively associated with DLF/HF (or
LF/HFhead-up) in female subjects (Tables 1 and 2).

Since a postural change causes sympathetic acti-
vation and vagal withdrawal, the HF power and nor-
malized unit LF (i.e. LF/HF ratio) response to postural
change must decrease or increase, respectively [15].
Additionally, HF power is a major contributor to
vagally mediated modulation of HRV [18]. Thus, DHF
could be considered to reflect the amplitude of vagal
attenuation due to postural change. Since the increase
in LF/HF during head-up tilt is inhibited by b-
blockers [15, 18], DLF/HF is considered to reflect a
sympathetic nerve response to the change from su-
pine to head-up. Attenuated DHF and DLF/HF have
also been identified in subjects with high anxiety
symptoms [17] and in some categories of hyperten-
sive and diabetic subjects [5, 16], who have the
common feature of predominant sympathetic activity
at rest and have been reported to show lower HF
power and higher LF/HF ratio in supine HRV than
controls. Thus, enhanced baseline sympathetic activ-
ity could be thought to cause a smaller amplitude of
sympathetic activation due to postural change. Con-
sidering our results together with these reports, the
decreased DHF and DLF/HF might indicate that sub-
jects with high trait anger in the female group have a
sympathetic predominance at baseline. However, our
results failed to observe a significant association be-
tween trait anger score and HRV components at
baseline, namely LFsupine, HFsupine and LF/HFsupine.
Also, a recent report using short-term (256 s) mea-
surement of supine HRV in a population-based study
demonstrated no significant association between an-
ger-related personality scores and supine HRV com-
ponents [27]. To explain this, the following
possibilities could be considered. First, HRV with
head-up tilt testing might emphasize individual dif-
ferences of supine HRV because of its sensitive
measurement of the shift in cardiac autonomic bal-
ance from supine to head-up [4]. Another possibility
is that subjects with high trait anger might tend to

Table 1 The association between trait anger score and HRV components

STAXI trait anger score

All subjects Male (n = 30) Female (n = 24)

HRV (ln ms2)
LFsupine )0.082 0.334 0.192
HFsupine 0.088 0.089 0.177
LF/HFsupine )0.176 0.213 )0.027
LFhead-up 0.011 0.207 )0.107
HFhead-up 0.054 0.154 0.490*
LF/HFhead-up )0.043 )0.046 )0.576**
DLF 0.101 )0.137 )0.393
DHF )0.049 0.107 0.449*
DLF/HF 0.067 )0.224 )0.534**

IMT (mm) )0.068 )0.256 0.597**

* p < 0.05, ** p < 0.01 (Pearson’s product–moment correlation coefficients
(= r))

Table 2 Comparison between low and high STAXI trait anger group in elderly
female subjects

STAXI trait anger score

Low group
<15

High group
315 p-value

Age (year) 57.2 ± 5.1 59.9 ± 5.3 NS
BMI (kg/m2) 22.7 ± 1.9 22.8 ± 2.5 NS
Systolic BP (mmHg) 124.7 ± 15.5 122.2 ± 9.0 NS
Diastolic BP (mmHg) 79.2 ± 10.9 71.5 ± 8.3 NS
Total cholesterol (mg/dl) 230.3 ± 29.7 219.3 ± 34.4 NS
HRV (ln ms2)

HFsupine 2.18 ± 0.40 2.25 ± 0.75 NS
LF/HFsupine 0.95 ± 0.14 1.01 ± 0.18 NS
HFhead-up 1.57 ± 0.35 2.05 ± 0.65 <0.05
LF/HFhead-up 1.39 ± 0.33 1.08 ± 0.25 <0.05
DHF )0.60 ± 0.36 )0.21 ± 0.31 <0.01
DLF/HF 0.44 ± 0.35 0.07 ± 0.21 <0.01

IMT (mm) 0.84 ± 0.05 0.91 ± 0.09 <0.05

Values are mean ± SD
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have a sympatho-vagal response abnormality, which
could decrease the amplitude of sympathetic activa-
tion and vagal attenuation due to postural change,
resulting in attenuation of DHF and DLF/HF.

Our results showed a significant positive associa-
tion between anger trait score and carotid IMT in
female subjects (Tables 1 and 2). Also, some previous
investigations demonstrated that high anger trait is
positively associated with elevated carotid IMT [2, 11,
19]. These findings agree with other previous reports
that subjects with high anger trait have increased risk
of atherosclerosis [2, 7], because carotid IMT has been
reported to be correlated with coronary atheroscle-
rosis and to predict stroke and myocardial infarction
[22].

As pathophysiological mechanisms linking trait
anger and carotid IMT, several possible hypotheses
could be proposed. Raikkonen et al. [19] suggested
that trait anger in postmenopausal women might
elevate carotid IMT through the development of
metabolic syndrome. Considering some previous re-
ports together with our results regarding the rela-
tionship between trait anger and HRV components
with head-up tilt, it could be speculated that cardiac
autonomic response abnormalities associated with
trait anger evoke elevated BP and homodynamic
irregularity in daily life, leading to atherosclerosis
[12].

Some gender differences were found between trait
anger and physiological indices in this study. Trait
anger was positively associated with carotid IMT only
in female subjects, but not male subjects. Several
previous studies showed that elevated carotid IMT
was correlated with trait anger in postmenopausal
women [19], Japanese males and females [11], and
untreated hypertensive men [2], but these studies
enrolled subjects with traditional CVD risk factors,
such as smoking, hypertension or hypercholesterol-
emia. Also, significant associations in this study were
observed between trait anger and HRV components
only in female subjects, but not males. There have
been few reports investigating gender differences in
the relationship between anger-related personality
traits and short-term HRV. A previous report using a
method of 24-h recording of HRV demonstrated that
anger-out score was associated with both higher LF
and HF power in males (18–50 years old) but not
females [20], and another report showed that an
inability to relieve anger by talking to others (anger-
discuss) was associated with standard deviation of
normal-to-normal intervals (SDNN) and LF power in
female subjects [8]. The reasons why some gender
differences in the relationship between anger trait and
HRV components were found in this study are un-
clear, but these previous reports regarding associa-
tions between anger trait and HRV components or
carotid IMT varied in the subject sampling method,
psychological assessment, and experimental tool (i.e.
24-h HRV recording method), which may have con-

tributed to the inconsistencies among the results. As
another possible reason, the contribution of gender
difference in insulin resistance to anger-related per-
sonality trait might be proposed. A recent report
demonstrated that anger-related personality trait is
associated with insulin resistance in healthy females,
but not males [24]. Since insulin resistance interacts
with predominant sympathetic activity and is recog-
nized as a denominator of metabolic syndrome, which
is strongly related to atherosclerotic progression [26],
it might be speculated that a greater association be-
tween insulin resistance and anger-related personality
trait in females than in males leads to these gender
differences in HRV components or carotid IMT.
Regrettably, we lack definite information to further
discuss this point, because estimation of insulin
resistance was not done in this study.

This study has major limitations, which are the
small sample size and cross-sectional study design.
Moreover, the reasons why some gender differences
were found between anger trait and HRV components
or carotid IMT in this study are unclear. To clarify the
causal relationship and also gender differences be-
tween anger-related personality traits and HRV re-
sponse abnormalities or carotid IMT, a prospective
investigation with a larger sample size and using
short-term HRV with head-up tilt testing in both
males and females should be conducted in the future.

In conclusion, our results suggest that a simple
noninvasive measure, short-term HRV with head-up
tilt testing, might be a useful method to investigate the
association between cardiac autonomic imbalance
and increased risks of atherosclerosis associated with
trait anger in healthy elderly subjects.
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