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Objective  Anxiety trait, anxiety and depression states have all been reported to increase risks for cardiovascular disease (CVD), possibly
through altering cardiac autonomic regulation. Our aim was to investigate whether the relationship between harm avoidance (HA, an
anxiety-related personality trait) and cardiac autonomic regulation is independent of anxiety and depression states in healthy adults.

Methods We recruited 535 physically and mentally healthy volunteers. Participants completed the Beck Anxiety Inventory (BAI), Beck
Depression Inventory (BDI) and Tri-dimensional Personality Questionnaire. Participants were divided into high or low HA groups as dis-
criminated by the quartile value. Cardiac autonomic function was evaluated by measuring heart rate variability (HRV). We obtained the
time and frequency-domain indices of HRV including variance (total HRV), the low-frequency power (LF; 0.05-0.15 Hz), which may re-
flect baroreflex function, the high-frequency power (HF; 0.15-0.40 Hz), which reflects cardiac parasympathetic activity, as well as the LF/
HF ratio.

Results The BDI and HA scores showed associations with HRV parameters. After adjustment for the BDI scores and other control vari-
ables, HA is still associated with reduced variance, LF and HF power. Compared with the participants with low HA, those with high HA
displayed significant reductions in variance, LF and HF power and a significant increase in their LF/HF ratio.

Conclusion This study highlights the independent role of HA in contributing to decreased autonomic cardiac regulation in healthy adults

and provides a potential underlying mechanism for anxiety trait to confer increased risk for CVD.
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INTRODUCTION

Depression' and anxiety” have been associated with in-
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creased risks of cardiovascular disease (CVD). Cardiac auto-
nomic dysregulation is considered to be an important patho-
physiologic factor and has been studied extensively in patients
with clinical depression or anxiety.** The smaller body of re-
search conducted on healthy individuals have mixed results.**
Recent research on healthy subjects has leaned towards focus-
ing on the relationship between personality traits and cardiac
autonomic regulation.

Anxiety trait as a personality dimension is thought to rep-
resent an important predisposing factor for depression and
anxiety-related disorders. It has also been reported to increase
the risk for CVD”” though the definite mechanisms involved
are not clear. Among the anxiety trait spectrum, harm avoid-
ance (HA) is a well-known anxiety-related personality trait."
Individuals with high-HA are fearful, pessimistic, socially in-
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hibited, easily tired, and prone to experience depression and
anxiety disorders." Not only is HA associated with mental
disorders, but it is measurable in non-affected subjects. Thus,
this personality trait may represent a useful endophenotype
to study the biological correlation of the vulnerability factors
in the general population. Recent studies sought to examine
the relationship between HA and cardiac autonomic regula-
tion. The results are promising and seem to provide potential
linkage between this personality trait and increased risk for
CVD.4,12,13

However, research in this area has been hampered by the
enrollment of smokers and the lack of an objective procedure
and a structural clinical interview to exclude possible physical
and psychiatric confounds, respectively. Thus, the reported
associations should be validated by large-scale studies using
suited sample to minimize the effects of potential confounding
factors on cardiac autonomic regulation.

Heart rate variability refers to the complex beat-to-beat vari-
ation in heart rate produced by the interplay of sympathetic
and parasympathetic (vagal) neural activity at the sinus node
of the heart. Increased HRV reflects a healthy autonomic
nervous system that is able to respond to environmental de-
mands." Contrarily, low HRV is an indicator of autonomic
inflexibility" and a predictor of poor health status.'® Short-
term power spectral analysis of HRV, standardized since 1996,"
is a reliable and non-invasive tool to probe the autonomic reg-
ulation of the heart. Distinct frequency bands of the heart rate
signal are separated through this analysis, and their quantified
relative intensity made through this analysis is called power.
Low frequency (LF) range power (0.04-0.15 Hz) is mediated
by both sympathetic and parasympathetic activity, while high
frequency range power (HF) (0.15-0.4 Hz) is mediated pri-
marily by parasympathetic activity. The ratio of LF to HF (LF/
HF) can be used to assess the comparative balance of the two
branches of the autonomic nervous system on cardiac activity.

The study design is based on the following hypotheses: 1)
there is a meaningful correlation between the personality trait
HA and autonomic functioning as indexed by HRV; 2) in
healthy subjects, the influence of HA on HRV is independent
of the influence of psychological states (i.e., subclinical de-
pression and/or anxiety) and other confounding factors; and
3) the subjects with high HA show lower HRV as compared
to those with low HA.

METHODS

Participants

This study was approved by the Institutional Review Board
for the Protection of Human Subjects of the Tri-Service Gen-
eral Hospital, a medical teaching hospital of the National De-

398 Psychiatry Investig 2016;13(4):397-405

fence Medical Centre in Taipei, Taiwan. All of participants were
aged from 20 to 65 years, and all provided written informed
consent. Participants came from the Taiwan Study of Depres-
sion and Anxiety (TAISDA), an ongoing cohort study con-
ducted to examine the effect of depression and anxiety disor-
ders on HRV as described elsewhere.'*° In brief, after detailed
questionnaire screening, chart review, clinical examination,
electrocardiography, and relevant laboratory investigations,
the subjects who were pregnant, had cancer, postural hypoten-
sion, vasovagal syncope, cardiovascular, respiratory, neuro-
logical, or endocrinological disorders that affect HRV, or those
engaged in regular and strenuous physical training were ex-
cluded. Current or past smokers were also excluded. All par-
ticipants were drug-naive or had not used psychotropic medi-
cations or any medications that have been reported to affect
autonomic functioning (e.g., antipsychotics, anticholinergics,
antidepressants, oral contraceptives, anticonvulsants, anxio-
lytics, cerebral metabolic activators, or cerebral vasodilators)
for at least 1 month prior to the beginning of the study. Each
participant was evaluated using the Chinese version of the
Modified Schedule of Affective Disorder and Schizophrenia-
Lifetime (SADSL)*' to exclude those with psychiatric condi-
tions. A total of 535 participants with valid data on both clin-
ical ratings and HRV were included in the final statistical
analysis.

Control variables

Previous findings have revealed that gender, age, body mass
index (BMI), physical activity, and alcohol use are among the
factors significantly affecting the autonomic control of heart
rate.”>*¢ These factors were thus selected as control variables.
Subjects reported the average frequency of physical exercise
per week (A) and hours per session spent in purposeful exer-
cise (B) in the past 6 months. “A” was rated with a five-point
scale according to the frequency of exercise involving heavy

IR

breathing and sweating as “never’, “seldom’, “once a week’,
“twice a week’, and “more than twice a week’”” The partici-
pants’ self-reported weekly habitual physical activity was cal-
culated by the formula: AXB. Alcohol use, assessed with two
items of the Alcohol Use Disorder Identification Test ques-
tionnaire,”® was defined by the average frequency of drinking
and the number of drinks consumed on a typical drinking day
in the past year. From these items, we derived the average
amount of alcoholic drinks per day, with one drink defined
as a standard drink, i.e., having the equivalent of 10 grams of
alcohol.”

Assessment of anxiety/depression severity
All participants were assessed using the self-reported mea-
sures of anxiety and depression, i.e. Beck Anxiety Inventory



(BAI) and Beck Depression Inventory (BDI).

Personality assessment

Personality traits were measured by the Chinese version of
the Tri-dimensional Personality Questionnaire (TPQ), a 100-
item, self-administered, True-False instrument. Cronbach’s o
of novelty seeking (NS) was 0.70 while that of harm avoid-
ance (HA) was 0.87.% We also explored the NS dimension in
the present study because this personality trait has been re-
ported to be correlated with elevated parasympathetic cardiac
control.”?

Measurements of blood pressure, respiratory rate
and heart rate variability

Blood pressure (BP) was recorded with a Tensoval duo
control Digital Blood Pressure Monitor (HARTMANN AG,
Heidenheim, Germany). Systolic BP (SBP) and diastolic BP
(DBP) were measured twice from the right arm during su-
pine rest and then averaged. The detailed procedures for the
analysis of HRV were as reported in our previous studies.”*'
Briefly, the subject first sat quietly for 20 minutes, then a lead
I electrocardiogram was recorded for 5 minutes while they lay
quietly in a supine position. To control diurnal changes in car-
diac autonomic modulation, all electrocardiogram recordings
were performed in a warm and quiet room between 9 and 11
a.m. Raw respiratory data during electrocardiogram record-
ings were obtained. The breathing rate was analysed and de-
fined as the number of breaths per minute. An HRV analyzer
(SSIC, Enjoy Research Inc., Taipei, Taiwan) acquired, stored,
and processed the electrocardiography signals. Our comput-
er algorithm then identified each QRS complex and rejected
each ventricular premature complex or noise according to its
likelihood in a standard QRS template.* Signals were record-
ed at a sampling rate of 512 Hz, using an 8-bit analogue-to-
digital converter. Stationary R-R interval values were re-sam-
pled and interpolated at a rate of 7.11 Hz to produce continuity
in the time domain. Power spectral analysis was performed
using a non-parametric fast Fourier transformation. The direct
current component was deleted, and a Hamming window
was used to attenuate the leakage effect.”” The power spectrum
was subsequently quantified into standard frequency-domain
measurements, namely variance (variance of R-R-interval
values), very low-frequency power (VLE 0.003-0.04 Hz), low-
frequency power (LE 0.04-0.15 Hz), high-frequency power
(HE 0.15-0.40 Hz), and the ratio of LF to HF power (LE/HF).
All of the measurements were logarithmically transformed
to correct for a skewed distribution.”

Vagal control of HRV is represented by HE, whereas both
vagal and sympathetic control of HRV are jointly represented
by LE The LF also reflects baroreflex function during supine
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rest.” The LF/HF ratio could mirror sympatho-vagal balance
or sympathetic modulation, with a larger LF/HF ratio indicat-
ing a greater predominance of sympathetic activity over car-
diac vagal control. The VLF component has been attributed
variously to thermoregulatory processes, peripheral vasomo-
tor activity, and the renin-angiotensin system; however, its def-
inite physiological meaning is under debate.*

Statistical analyses

SPSS version 19.0 (SPSS Inc., Chicago, IL, USA) statistical
software was used for all analyses. Relationships between the
HRYV indices, control variables and the psychometric scores
were analysed using Spearman correlation coefficients. Hier-
archical regression analyses were used to explore the effect of
personality trait on HRV profiles after adjusting for the psy-
chological state and control variables. The psychological state
and control variables relating to HRV in univariate analysis
(p<0.05) were entered into step 1 of the hierarchical regression
analysis, when mean R-R intervals and HRV indices were the
dependent variables. Data including R?, R>-changes, F, stan-
dardization regression coefficient (B) and p value in the regres-
sion model are presented. Tolerance and variance inflation
factors were used to check for multicollinearity. In addition,
participants were divided into two groups by HA scores. We
took the highest quartile as the point of dichotomizing HA.
The selection of the cut-off points in the present study was
done through applying the categorization method using quar-
tile values.”?* Independent-samples t-tests were conducted
to determine between-group differences in demographics and
control variables. A multivariate analysis of variance (MANO-
VA) was performed to determine whether there were be-
tween-group differences on an interpretable composite of
HRV variables across time and frequency-domain, and to pro-
vide a control for multiple comparisons. Analysis of covari-
ance adjusted for any significant differences in baseline char-
acteristics known to affect cardiac measures. A significant
Pillaf’s trace effect for group was followed by univariate anal-
yses of variance (ANOVAS) to identify which measures con-
tributed to a significant multivariate effect. Findings were cor-
rected for multiple comparisons via Bonferroni correction.
Eta-squared (n2) was reported for ANOVA effects as an indi-
cator of effect size (small=0.01, medium=0.06, large=0.14). The
statistical analysis was conducted at a 95% confidence level.
The a-level was set at 0.05 per comparison.

RESULTS

Sample characteristics
The mean age of the subjects was 43.50114.14 years, the
mean education level was 12.19+3.41 years, the mean BMI was
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23.09£3.45 kg/m?, the mean SBP was 118.51+13.73 mm Hg,
the mean DBP was 73.281+7.44 mm Hg, the mean exercise
level was 1.30£2.23 hours/week, the mean alcohol use was
0.01+0.02 drinks/day and 54.4% were female. The scores from
the BDI and BAI are presented in Table 1. The results for the
personality traits are presented in Table 1 also.

Factors associated with HRV profiles

The associations between control variables and resting
HRV indices were shown in Table 2. Men had significantly
higher LF and HF than women. Older participants had re-
duced variance (total HRV), VLE LF and HFE and increased
LF/HF ratio. Participants with higher BMI had lower HF but

Table 1. Sample characteristics

higher LF/HF ratio. Those who were habitually more physi-
cally active had significantly greater variance, LF and HE.
Systolic/diastolic blood pressure showed no associations with
RR interval and any HRV indices. With regard to the psycho-
metric variables, the BAI and NS score showed no associa-
tions with RR interval or any HRV indices. The BDI score was
associated with reduced RR interval and HE and increased
LF/HF ratio. The HA score inversely correlated with the vari-
ance, LE, and HE

Effects of harm avoidance on resting HRV profiles
After adjusting for control variables and psychological state
(BDI scores), the HA scores were still associated with reduced

Clinical and demographic data N % MeantSD Range
Males 244 45.60
Females 291 54.40
Age, years 535 43.50*14.14 20.00-65.00
Education, years 535 12.19%3.41 6.00-22.00
BMI, kg/m* 535 23.09£3.45 16.82-34.17
Weekly regular exercise, hours 535 1.30£2.23 0.00-9.50
Alcohol use, drinks/day 535 0.01+0.02 0.00-0.15
SBP, mm Hg 535 118.51+13.73 80.00-139.00
DBP, mm Hg 535 73.2817.44 55.00-89.00
BDI scores 535 5.58%3.77 0.00-15.00
BAI scores 535 8.11£2.69 1.00-13.00
NS scores 535 14.94+4.14 5.00-30.00
HA scores 535 18.16£7.59 4.00-30.00

SD: standard deviation, SBP: systolic blood pressure, DBP: diastolic blood pressure, BMI: body mass index (calculated as weight in kilograms di-
vided by height in meters squared), BDI: Beck Depression Inventory, BAI: Beck Anxiety Inventory, NS: novelty seeking, HA: harm avoidance

Table 2. Factors associated with resting HRV indices among all participants

Mean RR intervals Var VLF LF HF LF/HF
Sex (women/men)t 0.05 0.08 0.06 0.15%** 0.09* 0.04
Aget 0.05 -0.41%** -0.33%#* -0.45%** -0.45%** 0.13**
BMI* -0.07 -0.07 -0.05 -0.06 -0.13%* 0.14**
Physical activity* 0.01 0.09* 0.06 0.10* 0.10* -0.02
Alcohol use* 0.04 -0.04 -0.06 -0.07 -0.03 -0.03
SBP* -0.06 -0.07 -0.09 -0.07 -0.07 0.02
DBP* -0.03 0.01 0.02 0.01 0.04 -0.08
BDI scores* -1.1* -0.05 -0.06 -0.04 -0.11%* 0.16***
BAI scorest 0.02 -0.03 0.01 -0.05 -0.01 -0.03
NS scores* 0.06 0.03 0.04 0.05 0.05 -0.06
HA scores* -0.07 -0.10* -0.05 -0.10* -0.12%* 0.02

*p<0.05, **p<0.01, ***p<0.001, Tpoint-biserial correlations; first category in parenthesis is the reference group, *product-moment correlations.
BMI: body mass index, SBP: systolic blood pressure, DBP: diastolic blood pressure, Var: total variance [In(ms®)], VLF: very low-frequency
power [In(ms?)], LF: low frequency power [In(ms?®)], HF: high frequency power [In(ms*)], LF/HF: ratio of LF to HF [In(ratio)], BDI: Beck
Depression Inventory, BAI: Beck Anxiety Inventory, NS: novelty seeking, HA: harm avoidance
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variance, LF and HF (Table 3). Tolerance (range: 0.952-0.999)
and variance inflation (range: 1.001-1.150) did not indicate
multicollinearity.

Heart rate variability parameters: high HA group
versus low HA group

The highest quartile value of the HA scores of the 535 par-
ticipants was 25.0. The mean breathing rate was 13.48+3.40
breaths/min for the subjects with HA scores above the upper
quartile (high HA group) and 13.78+3.23 breaths/min for
those with HA scores below the upper quartile (low HA
group). The breathing rate was comparable for the two groups
(t=0.99, p=0.33). The high HA group had lower BDI scores
but higher BAI scores as compared to the low HA group (Table
4). The MANOVA comparing the various HRV measures be-
tween high HA and low HA groups showed significant results
[F (6,526)=2.81, p=0.01, n12=0.031] (Figure 1). The result did
not significantly alter after adjusting for BDI and BAI scores
[F (6,526)=3.36, p=0.003, n2=0.037]. A separate ANOVA was

LC Kao et al.

conducted for each dependent variable, with each ANOVA
evaluated at an alpha level of 0.0083 (0.05/6). Compared with
the low HA group, high HA group displayed significant re-
ductions in variance [F (1,531)=7.37, p=0.007, n12=0.014], LF [F
(1,531)=7.71, p=0.006, n2=0.014] and HF [F (1,531)=17.09,
p<0.001, n2=0.031] and a significant increase in their LF/HF
ratio [F (1,531)=7.89, p=0.005, n2=0.015]. However, the
groups did not significantly differ on mean R-R intervals [F
(1,531)=6.65, p=0.01, 12=0.012] or VLF [F (1,531)=4.55, p=
0.033,112=0.008].

DISCUSSION

The present study focuses on the relationship between au-
tonomic functioning and harm avoidance, an anxiety-related
personality trait, in a large and well-defined healthy popula-
tion. Our results support the hypothesis that meaningful cor-
relation exists between autonomic functioning and harm
avoidance and suggest that a decrease in HRV may represent

Table 3. Hierarchical regression analyses of mean RR intervals and all HRV indices

Standardized regression coefficient and p-value

Mean RR intervals Var VLF LF HF Ratio
p p B p p p p B p p p
Univariate analyses
Gender 0.05 0.22 0.08 0.06 0.06 0.14 0.15  <0.001 0.09 0.046 0.04 0.36
Age 0.05 0.30 -041 <0.001 -033 <0.001 -045 <0.001 -045 <0.001 0.13 0.002
BMI -0.07 0.11 -0.07 0.10 -0.05 0.22 -0.06 0.20 -0.13 0.002 0.14 0.002
Physical activity 0.01 0.86 0.09 0.04 0.06 0.18 0.10 0.03 0.10 0.02 -0.02 0.62
BDI -0.11 0.01 -0.05 0.25 -0.06 0.15 -0.04 0.38 -0.11 0.013 0.16  <0.001
Step 1
Gender 0.08 0.046 0.04 0.33
Age -041  <0.001 -033 <0.001 -044 <0.001 -047 <0.001 0.15  <0.001
BMI -0.11 0.004 0.13 0.002
Physical activity 0.10 0.01 0.11 0.005 0.10 0.009
BDI -0.11 0.01 -0.19  <0.001 0.19  <0.001
R’ 1.1% 17.5% 10.9% 22.3% 26.2% 6.7%
Step 2
Gender 0.08 0.04 0.04 0.31
Age -041  <0.001 -033 <0.001 -044 <0.001 -047 <0.001 015 <0.001
BMI -0.11 0.005 013 0.002
Physical activity 0.10 0.01 0.11 0.004  0.10 0.006
BDI -0.11 0.01 -0.20  <0.001 0.19  <0.001
HA -0.09 0.05 -0.09 0.016  -0.04 034 -0.09 0.014 -0.13 0.001 0.03 0.47
R2-changes 0.7% 0.9% 0.2% 0.9% 1.6% 0.1%
F 3.96 5.79 0.93 6.3 11.90 1.55
p value p=0.05 p=0.016 p=0.34 p=0.014 p=0.001 p=0.47

BMI: body mass index, BDI: Beck Depression Inventory, HA: harm avoidance
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Table 4. Characteristic differences between participants with high harm avoidance and low harm avoidance

Clinical and demographic data High Harm Avoidance Low Harm Avoidance Omnibus
HA scores =225 (N=171) HA scores <25 (N=364) p-value
Female sex (%) 93 (54.40) 198 (54.40) 1.00
Education levels, mean®SD, years 11.97+3.50 12.30+3.37 0.30
Age, meantSD, years 44.77+13.75 42.91+14.31 0.16
BMI, mean+SD, kg/m’ 23.391+3.61 22.94+3.62 0.16
Weekly regular exercise, hours 1.38+2.38 1.2312.13 0.55
Alcohol use, drinks/day 0.005+0.02 0.006+0.02 0.71
SBP, mm Hg 1194411391 118.07£13.65 0.28
DBP, mm Hg 73.04+7.62 73.39%7.36 0.61
BDI scores, mean+SD 5.05+3.86 5.8213.70 0.03
BAI scores, mean+SD 8.8412.73 7.77+2.61 <0.001

SD: standard deviation, BMI: body mass index (calculated as weight in kilograms divided by height in meters squared), SBP: systolic blood
pressure, DBP: diastolic blood pressure, BDI: Beck Depression Inventory, BAI: Beck Anxiety Inventory
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Figure 1. Comparison of mean R-R intervals and all measures of HRV between participants with high and low harm avoidance. Boxes indi-
cate data between the 25th and 75th percentile with the horizontal bar reflecting the median.

a psychophysiological biomarker associated with anxiety per-
sonality traits in the general population. The main results of
our study may be summed as follows.

Our present results that controlled for potential confound-
ing factors (i.e., psychological state and other control vari-
ables) showed a significant contribution of HA temperament
to reduced HRV and vagal modulation of heart rate. In this
regard, our results confirm findings by prior studies.**”** Con-
sistent with these associations, when our participants were
divided into two groups by HA scores, those with high HA
exhibited significantly lower HRV and vagal activity as com-
pared with those with low HA. The significant differences
were not due to the levels of subclinical depression and/or anxi-
ety because adjusting for psychological states did not alter
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the significance. Moreover, it should be stressed that the dif-
ference in mean BAI scores between high and low HA groups
may be statistically significant due to a large sample size, but
not be clinically significant because mean BAI scores of both
groups are only within the borderline of minimal to mild level
of anxiety (score 7-8). The same applied to mean BDI scores.
In addition, we here demonstrated low LF power in partici-
pants with high HA. In the present study the LF power when
assessed in the supine position is primarily a result of barore-
flex sensitivity, which is a measure of the gain of the barore-
flex.*** Thus, high HA may be associated with lower barore-
flex functioning, while reduced baroreflex sensitivity per se
has been demonstrated to be a valuable and independent pre-
dictor of sudden cardiac death after myocardial infarction.*



There could be two possible explanations for all these find-
ings. First, HA corresponds to an inhibitory response to sig-
nals of aversive stimuli that leads to avoidance of punishment
and is theoretically associated with serotonergic activity.'**!
For example, findings reveal that the HA score is positively
associated with serotonin (5-HT) receptor sensitivity."' Based
on previous findings, a high HA score seems to reflect lower
5-HT function. Next, an association between lower 5-HT
function and reduced HRYV is established by recent evidence
from a rodent study indicating that 5-HT depletion or 5-HT
receptor blocking attenuates baroreflex gain.* The arterial
baroreflex is the main mediator of HRV.* Therefore, lowered
5-HT function leads to diminished baroreflex function, which
in turn leads to reduced HRV. This explanation is compatible
with the negative correlation between HA score and LF pow-
er observed in our study.

Second, previous evidence indicated that 5-HT has a direct
central effect on HRV* and cardiac vagal control.*® This could
be another reason that HA is linked to vagal modulation of
the heart rate. Collectively, our study demonstrates that healthy
individuals with high HA tend to have decreased HRYV, vagal
activity and possible baroreflex function, providing a poten-
tial underlying mechanism for stable trait anxiety to confer
increased risk for CVD.”* A previous study, however, reported
that a low level of HA is related to a high level of physiologic
CVD risk factors in young men.* Future longitudinal studies
are warranted to establish whether HA predisposes an indi-
vidual to the development of CVD in a sex-specific manner.

We found that normative variation in self-reported depres-
sion state rather than anxiety state was associated with reduced
HRYV, which corroborate findings of the largest study pub-
lished so far.> For physically and mentally healthy adults, it is
highly possible that anxiety trait instead of non-clinical anxi-
ety state could explain the variations in HRV. In fact, there is
a high degree of overlap and strong linkage between HA and
generalized anxiety disorder (GAD), a disorder characterized
by worry and hypervigilance; for example, both of them share
features of feeling habitually tense and worried. In addition,
previous evidence indicated that HA scores were highly pre-
dictive of later GAD diagnoses”” and that depressed patients
with comorbid GAD compared to those without comorbidi-
ty were associated with higher HA.*® Recent HRV studies in
clinical samples have focused on GAD. The largest case-con-
trol study published so far reported that among a variety of
mood and anxiety disorders, only the diagnosis of GAD was
associated with robust decreases in HRV.* Moreover, among
depressed patients with and without comorbid anxiety disor-
ders, those with comorbid GAD had the greatest reduction
in HRV.®® A plausible scenario may be that high HA reflect a
physiological system that is less flexible, less able to appropri-

LC Kao et al.

ately respond to environment demands, and, thus, more sus-
ceptible to ensuing disease processes especially associated
with autonomic imbalance (e.g., GAD). Such a possibility
would prompt the further investigation into whether long-
term reduction in HRV may precede the development of clini-
cally significant anxiety symptoms for healthy individuals with
high HA being later diagnosed with GAD.

Our regression analysis failed to show a significant correla-
tion between HA and LF/HF ratio, although participants with
high HA exhibited increased LE/HF ratio as compared to
those with low HA. In the present study, LF power is more
likely to represent baroreflex function rather than sympathet-
ic activity. In such a situation, the LF/HF ratio only poorly re-
flects sympathovagal balance, and is more accurately a mea-
sure of the relationship between vagal input and other sources
of variability.> As we did not use a pure measure of sympa-
thetic activity in this study, we cannot say whether sympathetic
tone was increased. Additional studies using cardiac nor-
adrenaline spillover, the pre-ejection period, or muscle sym-
pathetic nerve activity, are needed to adequately assess sym-
pathetic tone in these subjects.

Contrary to our data, an earlier report described that NS
correlated with higher parasympathetic activity but the asso-
ciation attenuated to the null after adjustments for health-re-
lated behaviours.”? The authors explained that novelty seek-
ers may have naturally high levels of parasympathetic activity
but are also likely to be stimulant users; the co-existence of
these factors renders the association non-significant. None-
theless, our results are comparatively easier to interpret since
the present study used the sample free of adverse health-relat-
ed behaviours. To be conclusive, future studies should inves-
tigate the association between NS and HRV longitudinally.

We believe that our study has a number of strengths that
reinforce the reliability of our results. First, depression and
anxiety have been related to HRV among cardiac™ and psychi-
atric patients,>* but not consistently among healthy or other-
wise unselected samples.**” It is conceivable that any associa-
tions observed in healthy samples may be driven by a subset
of individuals who have not been evaluated formally but
nonetheless meet the criteria for mood or anxiety disorder. All
participants in the present study were evaluated with a struc-
tured diagnostic interview. This type of screening ruled out
current or past psychiatric disorders. Second, none of the study
subjects were current or past smokers. Smoking clearly de-
presses HRV, even among those who have recently quit, and
HRV remains lower compared to that of normal non-smok-
ers.”® Finally, all participants underwent relevant laboratory
investigations in addition to self-reported data of physical
health. Our recent studies have emphasized this objective pro-
cedure for excluding subjects with physical co-morbidities,
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since subjects might underestimate their biological risk fac-
tors (e.g., elevated glucose and atherogenic lipid profile) for
cardiac autonomic dysregulation when these factors were
self-reported.*> Collectively, our sample was well suited for
studying HRYV; as the effects of potential confounding factors
were minimized.

The present study has two limitations. First, the presented
regression analyses in our study provide several significant
associations but the level of correlation (or regression coeffi-
cient) is low and insofar may be not physiologically relevant.
The results are providing exploratory information about pos-
sible relations which should be investigated in further re-
search. Second, we classified the healthy individuals into
high or low HA groups according to only the quartiles of the
sample HA scores. The optimum HA scores to dichotomize
patients and to produce the largest contribution of a prog-
nostic predictor to the physiologically relevant reduction in
HRYV should be explored in future research.

Conclusions

This study highlights the importance of harm avoidance in
independently contributing to decreased cardiac autonomic
regulation in healthy adults and provides a new insight of the
linkage between anxiety trait and increased risk of cardiovas-
cular disease.
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