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Abstract This study examined the role of gender on
short-term heart rate variability (HRV) and the correlation
between subjective ratings of stress and HRV in healthy
adults. Standardized short-term HRV measurement and
self-administered stress response inventory (SRI) were
obtained in 441 healthy women and 1440 healthy men.
Hierarchical multiple regressions suggested that there was
no gender by stress interaction in explaining HRV. How-
ever, there were significant gender differences in the
associations between stress and HRV (the standard devia-
tion of the NN interval (SDNN), high frequency (HF), low
frequency (LF)/HF (F(1, 1878) = 7.706, p < .01; F(,
1878) = 29.132, p < .01; F(1, 1878) = 49.685, p < .01).
In men, only HF (r = —.56, p = .031) showed such an
association; whereas in women, the SRI total scores were
negatively correlated with SDNN (r = —.103, p = .032),
total power (TP) (r= —.104, p = .030), and HF
(r = —.129, p = .007), and positively correlated with LF/
HF (r = .111, p = .020) when adjusted for age, alcohol
drinking, smoking, and caffeine intake. There are gender
differences in the association between psychological stress
response and HRV. Gender also showed a significant
impact on short-term HRV measurement. Given that both
clinicians and researchers are increasingly relying on HRV
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assessment, our work suggest that gender based norms are
very important.
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Introduction

There are many ways of characterizing physiologic
responses to stressors (Burchfield 1979). One of the more
intriguing ones is to examine heart rate variability (HRV),
because such measures provide a perspective on both
sympathetic and parasympathetic nervous system func-
tioning (Friedman and Thayer 1998). HRV is defined as
‘the amount of fluctuations from the mean heart rate’ and is
primarily controlled by the continuous interplay of the
autonomic nervous system (ANS). Two frequency com-
ponents are usually distinguished in short-term HRV: the
high frequency (HF) and the low frequency (LF) compo-
nents (Task Force of the European Society of Cardiology
and the North American Society of Pacing and Electro-
physiology 1996a, b).

Several studies have investigated the relationship
between stress and HRV. Sloan and his colleagues (Sloan
et al. 1994) reported that psychological stress was signifi-
cantly associated with an increase in the LF/HF which
suggests an increase in the relative predominance of sym-
pathetic nervous system activity. Dishman and his col-
leagues (Dishman et al. 2000) reported that there was an
inverse relationship between perceived emotional stress
during the past week and the normalized HF component of
the HRV, which suggests a lower cardiac vagal component
of the HRV in those who perceived more stress. However,
most such studies have been conducted in relatively small
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samples. A study with larger sample size has the advantage
of being able to control for other sources of variance, such
as obesity, etc.

There may be gender differences in terms of autonomic
regulation of heart rate responses to stressors. However,
there are few studies examining this issue and the findings
are not consistent. For example, a recent study using
stimulation tests showed differential pattern by gender
(Zhang 2007). Another study showed that HRV indices
decreased with increasing age, but differed by gender, and
the HF, root mean square of successive differences
(RMSSD) and the percentage of successive RR interval
differences >50 ms (PNN50) were greater in women in all
age groups (Antelmi et al. 2004). Sato and Miyake found
that male participants were more sympathetic dominant
than the female participants (Sato and Miyake 2004). Also
for healthy subjects, LF power, and the LF/HF were sig-
nificantly higher for male than for female (Bigger et al.
1995). These findings suggest that HRV assessment should
be indexed according to gender (Zhang 2007).

This paper examined the relationship between stress and
HRYV in men and women; however, such an analysis is
complicated by the fact that women are more likely to
report symptoms of emotional distress than men are. In
addition, women scored significantly higher than the men
on somatic symptoms and psychological stress (Matud
2004).

Recently, many health promotion centers in Korea have
attempted to measure both psychological stress and auto-
nomic nervous function during routine medical check-ups
with a view to applying these data to patients’ medical
care. The authors evaluated the effects of gender on the
association between psychological stress response and
various parameters of the short-term HRV measurements in
a large sample of healthy controls. We also analyzed the
impact of gender on short-term HRV measurements and
the correlation between psychological stress and the HRV
measurements.

Methods
Subjects

1970 male and female 1865 years of age were recruited
while they were visiting five health promotion centers for
annual medical check-up in South Korea. All participants
provided written informed consent after being given a
complete explanation of this study and were screened for
medications and medical and psychiatric conditions. Sixty-
five participants who had past or current histories of major
medical disorders were excluded (hypertension 47,
myocardial infarction or angina 2, valvular heart disease 1,
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diabetes mellitus 11, cancer 2, and hyperthyroidism 2).
Seven participants who had histories of major psychiatric
disorders were also excluded (depression 6 and panic dis-
order 1). Psychiatric diagnoses were assessed using the
Mini-International-Neuropsychiatric Interview (M.LN.L)
(Sheehan et al. 1998) by an experienced psychiatrist. After
the measurement of the HRV, 17 participants who had
abnormally high standard deviation of the NN interval in
the HRV (=100, 3 standard deviations), were excluded
from the analysis. However, the analysis included normal
subjects who have possibility to show artefacts which are
well-known to seriously impact spectral analysis of HRV.
Since this study obtains sufficient examples, even if ectopic
beats are shown in some cases during any given 5 min
recording, artefacts problems would be compensated.
Therefore, the final analysis included 441 women and 1440
men who had complete measurements of HRV and self-
rating scales of the psychological stress. The study was
approved by Institutional Review Board of the Inje
University Seoul Paik Hospital.

Measurement of Heart Rate Variability

All subjects were instructed not to consume alcohol or
caffeinated beverages after 10 p.m. on the night before
HRV measurement. In addition, they refrained from
smoking 1 h prior to measurement. To control for diurnal
variation, HRV was measured between 8 and 12 a.m. HRV
was recorded using SA-2000E model (Medi-core, Seoul,
Korea). Each subject was comfortably seated on a chair,
and electrodes were placed on their wrists and left foot to
derive HRV for five minutes, and subjects were guided to
breathe in their usual rate during the HRV measurement.

The following HRV measures were obtained. The
standard deviation of the normal-to-normal interval
(SDNN) was used to estimate long-term components of the
HRV. It is calculated by statistical time domain measures.
Total power (TP), LF, HF components of the HRV were
calculated by frequency domain spectral analysis (Slaap
et al. 2002). TP means the variance of NN interval over
temporal segment. The LF/HF ratio was calculated because
it has been suggested to reflect sympatho-vagal balance or
to reflect sympathetic modulations (Task Force of the
European Society of Cardiology and the North American
Society of Pacing and Electrophysiology 1996a).

Assessment of Psychological Stress Responses

Psychological responses to stressors were measured with
the Stress Response Inventory (SRI) (Koh et al. 2001)
which is a self-administered questionnaire including emo-
tional, somatic, cognitive and behavioral stress responses.
SRI consists of 39 items, which are expressed as Likert
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points: ‘Not at all’ (0 point), ‘Somewhat’ (1 point),
‘Moderately’ (2 points), ‘Very much’ (3 points), and
‘Absolutely’ (4 points). It contains seven subscales: ten-
sion, aggression, somatization, anger, depression, fatigue
and frustration. High scores on the SRI indicate more
subjective stress. Cronbach’s o for the seven subscales
ranged between 0.76-0.91 and 0.97 for total scores. SRI is
regarded as a reliable and valid measure of stress (Kim
et al. 2007; Koh et al. 2006; Lee et al. 2008). All partici-
pants filled out the SRI following measurement of the
HRV.

Statistical Analysis

As the HRV variables were skewed from normal distri-
bution, natural log transformation was done before statis-
tical analysis. Partial correlation analysis was used to adjust
for age, alcohol drinking, smoking, and caffeine intake in
order to determine the relationship between the SRI scores
and the HRV variables.

Hierarchical regressions were done to test explicitly
whether there was a significant interaction effect of SRI
score and gender on HRV. We treated HRV as a dependent
variable, SRI as an independent variable, and gender as a
dummy variable. First, the SRI score was entered into the
equation, then gender, and finally, the interaction of SRI
score and gender. The hierarchical procedure enabled an
examination of unique contribution of gender above that
obtained using SRI score as well as the contribution of the
interaction. All statistical analysis was performed using the
SPSS 12.0 for Windows (SPSS Inc., Korea) program.

once a month, and 325 (73.7 %) consumed coffee regu-
larly. And 1440 men subjects, 990 (68.8 %) were smokers,
969 (67.3 %) reported drinking alcohol more than once a
month, and 1158 (80.4 %) consumed coffee regularly
(Table 1). (y* = 185.968, p < .01; y* = 165.549, p < .01;
}52 = 0.141, p < .01) Also, the SRI scores were presented
in Table 2.

The partial correlations between SRI scores and HRV
variables, with the adjustment of age, alcohol drinking,
smoking, and caffeine intake were founded. In men, the
correlation between SRI scores and HRV variables was
significant only for HF (r = —.056, p = .031). However,
in women, the SRI total scores were negatively correlated
with SDNN (r = —.103, p =.032), TP (r = —.104,
p = .030), and HF (r = —.129, p = .007), respectively,
and positively correlated with LF/HF ratio (r = .111,
p = .020).

In women, correlations between SRI subscale scores and
HRYV variables, SDNN and TP showed negative correla-
tions with tension, somatization, anger, and fatigue. HF had
negative correlations with tension, somatization, anger,
fatigue, and frustration. LF/HF ratio had positive correla-
tions with aggression, anger, depression, and fatigue.

Hierarchical regressions analyses are summarized in
Table 3, 4, 5, 6 and 7. We analyzed the SRI-gender
interaction in model 3 for all of the hierarchical regressions

Table 2 SRI scores in women/men

HRYV variables (women/men)

Mean Standard deviation
SRI subscale scores
Results Tension 4.85/4.34 4.05/3.64
Aggression 1.24/1.54 2.34/2.29
The mean age of subjects was 40.31 & 8.57 years (ranged Somatization 2.51/1.73 2.38/1.96
from 18 to 65). The mean age of women subjects was Anger 5.73/4.92 4.41/3.82
36.74 £ 9.01 years and that of men was 41.4 £ 8.1 years. Depression 5.08/4.97 520/4.56
Ninety-four percent of the subjects had educational Fatigue 6.04/4.73 3.65/3.07
attainments equal to and higher than those of high school Frustration 702/5.33 5 74/4.45
graduate. Among 441 women subjects, 143 (32.4 %) were  ¢py total scores 33.37/27.56 23.74/20.35
smokers, 145 (32.9 %) reported drinking alcohol more than
Tal')le 1 Demographic data of Age Men (n = 1440) Women (n = 441) p value*
subjects 414 8.1) 36.74 9.01)
Smoking (%) Smoker 990 (68.8 %) 143 (32.4 %) v = 185.968,
non-Smoker 450 (31.2 %) 298 (67.6 %) p < .01
Alcohol (%) >Once a month 969 (67.3 %) 145 (32.9 %) v = 165.549,
471 (32.7 %) 296 (67.1 %) p < .01
Coffee (%) Caffeine 1158 (80.4 %) 325 (73.7 %) x> =9.141,
non-caffeine 282 (19.6 %) 116 (26.3 %) p <.01
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Table 3 Prediction of SDNN

with hierarchical regression Model Independent variable Dependent variable: Ln_SDNN
R? AR? B B t AF
1 SRI total scores —.001 .000 —.007 —.004 —.171 .029
2 SRI total scores .003 .004 .000 —.011 —.490 7.706%*
gender .056 .064 2.776
3 SRI total scores .003 .000 —.0.000 .000 —.010 .550
gender .077 .088 2.228
SRI total * gender —.001 —.032 —.741
**p < .01 level of significance
;2?;:Cﬁicz;e$§rt;22i§£ TP with Model Independent variable Dependent variable: Ln_TP
R? AR? B B t AF
1 SRI total scores .000 .000 .000 —.005 —.199 .040
2 SRI total scores .002 .002 .000 —.010 —.414 3.513
Gender .080 .044 1.874
3 SRI total scores .002 .000 .05 .001 .051 541
Gender 123 .067 1.695
SRI total * gender —.001 —.032 —.736
;t?;fcﬁiczieril;rttlazlsli;f HF with Model Independent variable Dependent variable: Ln_HF
R? AR? B B t AF
1 SRI total scores .000 .000 —.001 —.017 —.716 513
2 SRI total scores .016 .015 .001 —.031 —1.340 29.132%%*
Gender .056 124 5.397
3 SRI total scores .016 .000 .001 —.018 —.651 768
Gender .096 152 3.875
SRI total * gender .002 —.038 —.877
**p < .01 level of significance
:i?:?zll‘recgiczerdelgizzigrf LF with Model Independent variable Dependent variable: Ln_LF
R? AR? B B t AF
1 SRI total scores .000 .000 .001 .017 718 515
2 SRI total scores —.001 .000 .001 .017 738 .048
Gender —.011 —.005 —.220
3 SRI total scores —.001 .000 .001 .015 544 .020
Gender —.021 —.010 —.242
SRI total * gender .000 .006 .140
analyses and in no instance was this interaction significant However, for SDNN, HF, LF/HF, the addition of gender
(AF(1, 1877) = .550, p > .05; AF(1, 1877) = .541, in model 2 was significant (AF(1, 1878) = 7.706, p < .01;
p > .05; AF(1, 1877) = .768, p > .05; AF(1, 1877) = AF(1, 1878) = 29.132, p < .01; AF(1, 1878) = 49.685,
020, p > .05; AF(1, 1877) = 1.561, p > .05). p < .01).
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gizliizriii?i?(;Zg(i;l;ilz/fl: Model Independent variable Dependent variable: Ln_LF/HF
R? AR? B B t AF
SRI total scores .002 .002 .002 .042 1.819 3.309
2 SRI total scores .026 .026 .002 .001 2.643 49.685%*
Gender —.328 .046 —.161
3 SRI total scores .027 .001 .002 .042 1.545 1.561
Gender —.408 —.201 —5.146
SRI total * gender .003 .054 1.249

**p < .01 level of significance

Discussion

This study focused on the effects of stress and gender on
HRV based on previous studies which suggested that
gender differences may affect the relationship between
stress and HRV (Sloan et al. 1994). Hierarchical regression
indicated that there was no significant interaction effect of
SRI score and gender on HRV. However, gender accounted
for unique variance in HRV except for TP and LF, which
supports previous studies suggesting the significant effect
of gender on HRV. When we separately analyzed the
correlation between SRI scores and HRV variables for men
and women, only HF was correlated with SRI scores in the
men, whereas in the women, SRI scores were significantly
correlated with many HRV variables although the corre-
lation coefficients were not strong.

We focused on studying how stress responses are related
to vagal activity in women because they have a higher
prevalence of depressive disorders and anxiety disorders
and because there was no significant correlation between
SRI scores and HRV variables in men.

First, The SRI total scores were negatively correlated
with the SDNN and TP. The SDNN, which is mathemati-
cally equal to TP of spectral analysis (Task Force of the
European Society of Cardiology and the North American
Society of Pacing and Electrophysiology 1996b), may be
associated with clinical conditions characterized by an
autonomic imbalance in healthy women. Therefore, these
results suggest that higher psychological stress levels are
negatively correlated with lower SDNN, which indicates a
diminished vagal and increased sympathetic modulation of
sinus node (Lombardi 2002).

Secondly, the SRI total scores are negatively correlated
with HF and positively correlated with LF/HF ratio. As the HF
component is mediated by cardiac vagal tone, these results
suggest that higher psychological stress levels are correlated
with diminished cardiac vagal activities. Finally, The SRI
total scores were not correlated with LF. Some studies suggest
that LF, when expressed in normalized units, is a quantitative
marker for sympathetic activity (Malliani et al. 1991; Rimoldi

et al. 1990) whilst other studies found that LF would be
mediated by both branches of ANS (Akselrod et al. 1981;
Pomeranz et al. 1985). The meaning of HRV parameters
related with sympathetic and parasympathetic nervous system
functioning is controversial (Parati et al. 2006).

Koh et al. (2001) suggested that the SRI consists of seven
subscales i.e. tension, aggression, somatization, anger,
depression, fatigue and frustration. In this study, tension,
somatization, anger and fatigue as stress responses were
more related to HRV variables, while aggression, depres-
sion, and frustration are less related. These findings may be
inconsistent with previous studies which showed that
aggression, depression, and frustration were related to car-
diac autonomic imbalance (Garcia-Leon 2003; Mezzacappa
etal. 1996; Nahshoni et al. 2004). However, it is intriguing to
note the methodological differences between our study and
the previous studies, in that Mezzacappa et al. (1996) studied
solely male adolescents and Garcia-Leon et al. (2003)
studied HRV after subjects performed two cognitive tasks.
We also noted the association between HRV and fatigue.
Tran et al. (2009) recently reported that high fatigue levels
were associated with increased low-frequency HRV, while
indices of parasympathetic modulation such as RMSSD and
pNNS50 remained stable, suggesting that fatigue in healthy
individuals may be associated with increased sympathetic
arousal. In addition, employing multiple regression analyses,
we found that the LF/HF ratio in response to stress was
associated with emotional stability, warmth and tension, and
was negatively associated with social boldness and self-re-
ported levels of vigor (Tran et al. 2009).

SRI measures different aspects of stress. Our findings
suggest that the physical stress subscales of SRI were
particularly related with HRV. Accordingly, more precise
studies will be needed to determine the relationship
between cognitive components of stress responses and
cardiac autonomic imbalances. This study has strength in a
relatively large sample size and we have made efforts to
adjust for various confounding lifestyle factors such as
alcohol drinking, smoking, and caffeine intake in the sta-
tistical analysis. These adjustments are important because
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previous studies demonstrated that HRV would be affected
by alcohol, nicotine, and caffeine intake (Eryonucu et al.
2000; Rajan et al. 1998; Waring et al. 2003).

We should bear some limitations in mind in this study.
First, the magnitude of the correlation coefficients was
relatively low. Secondly, while acute intake of caffeine was
refrained before measuring the HRV, chronic consumption
of caffeine, which might affect the physiological level of
autonomic function, could not be controlled. We merely
assessed the caffeine use or not in the study and perhaps
had we measured caffeine and smoking as continuous
variables, the findings might be different. Further studies
will be needed to involve detailed descriptions in these
items such as the duration and amount of intake. Lastly, the
administered psychometric instrument and medical and
psychiatric histories were only self-reported, which may
reflect a one-directional viewpoint.

Despite these limitations, this study suggests that the
HRYV may reflect the changes of autonomic nervous system
responding to stress in healthy women. There was no sig-
nificant interaction effect of SRI score-gender for this study,
but this study can be of value because it used a relatively
large sample to test the relationship between gender and
HRV. It is quite interesting that many HRV variables
showed significant correlations with SRI scores—but only
in women. One can speculate that women perceive stress
symptoms more readily than men and that men are less keen
to report stress. Similarly, women are more likely to express
emotional complaints and men, in contrast, are less likely to
express full range of emotion. As a result, there is a range
restriction of emotion expression in men. There may thus be
less statistical power in perceiving the relationship between
stress and HRV in men, because they are not as accurate in
perceiving stress and are less responsive to stressors.

Women show a broader range of emotional expression,
and it may facilitate the statistical detection of the rela-
tionship between stress and HRV. In contrast, the narrower
range of emotional expression in men may make it less
likely to perceive the relationship between stress and HRV.

In conclusion, gender difference should be considered
when we measure, interpret, and apply the results of the
short-term HRV and psychological stress response to
manage stress levels among health adults. Further studies
on important variables such as age, obesity, health-related
habits, and the presence of chronic illness, are warranted.
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