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Abstract Spectral components of heart rate variability
(HRV) were repeatedly measured (4-8 measurements; mean: 6
measurements) in 75 healthy Japanese male subjects (age
range: 20-61) under two postural conditions (standing and
supine). Low-frequency (LF) and high-frequency (HF)
components and mean heart rate (HR) were analyzed with
special reference to individual variations, which were classified
into two types: inter- (interV) and intra-individual variations
(intraV). The percent contributions and coefficients of
variations were calculated for both interV and intraV. Percent
contributions of intraV (intraV%) of HR with standing and
supine postures were 15.8 and 12.9%, respectively. The
intraV% of HF and LF on standing were 31.5 and 26.5%,
while those in the supine posture were 27.8 and 35.5%,
respectively. The coefficients of interV (interCV) and intraV
(intraCV) were also calculated. The interCVs of HR, HF, and
LF on standing were 14.9, 41.4, and 48.4%, while those in the
supine posture registered 16.2, 42.9, and 44.2%, respectively.
The intraCVs of HR, HF, and LF on standing were 5.0, 19.7,
and 21.2%, while those in the supine posture indicated 4.7,
20.1, and 23.0%, respectively. We also calculated the interV
and intraV of logarithmic-transformed HRV indexes. The log-
transformation remarkably diminished both variables: interCV
and intraCV registered 14-16 and 6-7%, respectively.
Although interV variations were considerabley large, intraV
variations of HRV were negligibley small. The HRV indexes
decreased with age, although HR remained unchanged.
The coefficients of determination (%) were 14-34%. In the
case of log-transformed HRV indexes, the coefficients of
determination registered 9—15%, suggesting that 14-34% (raw)
or 9—-15% (log) of the observed interV may be due to variations
in age. J Physiol Anthropol 26(2): 173-177, 2007 http://
www.jstage.jst.go.jp/browse/jpa2

[DOI: 10.2114/jpa2.26.173]
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Introduction

Human individual variation is one of the most important
issues in the field of physiological anthropology. Individual
variations may be classified into two types: inter- (interV) and
intra-individual variations (intraV). These two variations have
different perspectives; while interV represents the interaction
between genotype and environment (including both natural and
socio-cultural factors), intraV is a result of inconsistency of the
physiological functions within a subject. Therefore, we need to
discriminate the effects of interV from intraV in interpreting
physiological indexes. If the measurements of an experiment
were conducted only once, interV would not likely be
discriminated from intraV. In short, we need to repeat multiple
measurements of any physiological index in any one subject in
an experiment to realize the discrepancies due to interV and
intraV.

Heart rate variability (HRV), a non-invasive index of
autonomic activity, has been employed in various fields of life
sciences (Kobayashi, 1999). Although numerous studies on
HRV have been attempted in recent years, this index
occasionally produces controversial results due to the influence
of individual variations. In ambulatory HRV related with
monozygotic twins, genetic contributions of interV to SDNN
and RMSSD (time-domain indexes) account for 35-47% and
40-48%, respectively (Kupper et al., 2004). With regard to
high-frequency (HF) and low-frequency (LF) components, the
genetic contributions of these frequency domain indexes are 13
and 16%, respectively (Singh et al., 2001). A study on resting
blood pressure has reported genetic contributions to systolic
and diastolic blood pressures as 48-60 and 34-67%,
respectively (Hottenga et al., 2005). As such, the effect of
environmental factors on individual differences of HRV is
substantial when the blood pressure indexes are compared.

Concurrent investigations of interV and intraV of HRV are
limited. According to a review study on the reliability and
reproducibility of HRV by Sandercock et al. (2005), the extent
of intraV influence on HRV indexes remains inconclusive.
Therefore, we conducted repeated measurements of HRV in
healthy Japanese males, and quantitatively examined the
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contributions of interV and intraV.
Methods

The heartbeat intervals in 75 healthy Japanese male subjects
(age: 20-61 years) were monitored. In age distribution (Fig. 1),
the measurements of the subjects were conducted in a series of
two postural conditions: standing and supine. We repeatedly
monitored the heartbeat intervals 2—4 times a day, and the
same procedures were followed up 3 weeks after the first
measurement. Therefore, measurements were repeated 4-8
times in total (mean frequency: 6 measurements). The order of
experimental conditions between the experimental periods was
changed to minimize the effect of circadian variation. After
lunch at 11:00hr, measurements were conducted on subjects
between 13:00-16:00 hr. Respiration control was not applied in
this study.

A wristwatch-type heart rate monitor (Polar S801i; Finland)
was used for monitoring the heartbeat intervals, which were
recorded for 4min at a time-resolution of Imsec. The
heartbeat data (including beat-detection errors) were either
corrected or excluded from analysis.

The sequences of heartbeat intervals were converted into
beats per min (bpm), and interpolated as 5-Hz equidistant data
according to the instantaneous heart rate (HR) method
described by De Boer et al. (1985).

Power spectra of HRV were calculated from 1024 points
(204.8 s) of the interpolated heart rate sequences using fast
Fourier transformation (FFT) processing. HF and LF
components were integrations of the power spectra at their
respective ranges of 0.15-0.35 and 0.04-0.15 Hz. In addition,
the natural logarithmic (log)-transformed HRV indexes were
calculated for comparison with the results of previous studies.
In this case, we calculated the power spectrum based on the
beat-to-beat interval sequence instead of instantaneous HR.

Using one-way repeated ANOVA, we calculated percent
contributions of the interV (interV%) and intraV (intraV%).

interV% and intraV% are defined by the following formulas:
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Fig. 1 Age distribution of subjects who participated in the study.

intraV%=100—interV%

S,=S,~df, XV,
§,=5,+S,
where

S,: sum-of-squares of interV
S, : pure sum-of-squares of interV

S,: sum-of-squares of intraV

S .

.- total sum-of-squares of interV and intraV

dfy: degree of freedom of interV
V,: variance of interV

We also calculated the coefficients of interV (interCV) and
intraV (intraCV) to examine the extent of variations.
Coefficients interCV and intraCV were derived from the
following formula:

interCV = 100%

interCV 12100”
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where n and r are the number of subjects and repeats,
respectively

Results

The results of the HR, HF, and LF (Fig. 2) revealed that
when repeated measurements in a subject were plotted in a
vertical line, the horizontal and vertical variations would
respectively represent the interV and intraV. The distribution
characteristics were different between the HR and HRV
indexes. In the latter, the intraV correlated positively with the
individual mean. In other words, a subject with a large HRV
tended to show a large intraV. However, this tendency was not
observed in HR.

According to the values of interV and intraV in the HR and
HRV indexes (Table 1), the intraV% of HR indicated 15.8 and
12.9% with the standing and supine postures, respectively. The
HRYV indexes showed a larger intraV than that of HR: i.e.,
approximating 30%.

In the LF component, the intraV% in the supine posture was
larger than that on standing; however, HF showed a smaller
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Fig. 2 Variations of the heart rate (HR), high-frequency (HF) and low-frequency (LF) components of HR variability (HRV). Each abscissa
represents the mean value of intra-individual variations (intraV) for a subject, while the ordinate represents the mean of individual variations

in a subject.

Table 1

Inter- (interV) and intra-individual variations (intraV) of heart rate (HR) and HR variability (HRV) indexes,

such as high-frequency (HF) and low-frequency (ILF) components. interV% and intraV% are percent contribution
of inter- and intra-individual variations, respectively. Coefficients of interV and intraV are represented by interCV

and intraCV, respectively

posture mean n interV% intraV%  interCV (%) intraCV (%)

HR Standing 86.33 450 84.2 15.8 14.9 5.0
Supine 68.73 443 87.1 12.9 16.2 4.7

HF Standing 3.89 450 68.5 31.5 414 19.5
Supine 4.30 443 722 27.8 429 20.1

LF Standing 6.26 450 73.5 26.5 48.4 21.2
Supine 4.75 443 64.5 355 442 23.0

Table 2
In LF components

Inter- (interV) and intra-individual variations (intraV) of log-transformed HRV indexes, such as In HF and

posture mean n interV% intraV% interCV (%) intraCV (%)
InHF Standing 3.35 450 78.7 21.3 16.2 7.2

Supine 3.88 443 79.4 20.6 15.0 6.4
InLF Standing 3.82 450 80.3 19.7 14.7 6.1

Supine 3.98 443 76.5 23.5 13.5 59

intraV% in the supine posture. Because LF and HF indicated
opposite responses to postural changes (Kobayashi, 1996), the
above results are considered rational.

The coefficients of interV and intraV (interCV and intraCV)
of HR approximated 15-16 and 5%, while those of HRV
approached 41-48 and 20%, respectively (Table 1). Based on
the contributions and CVs of log-transformed HRV indexes
(Table 2), interCV and intraCV approximated to 15 and 6-7%,
respectively. The log-transformation remarkably diminished

both interCV and intraCV.

The above intraV included both day-to-day and within-a-day
variations. To examine the effect of time-span in repeated
measurements, we calculated the intraV of data that included
day-to-day variations and those of data that incorporated only
within-a-day variations. In this calculation, the degree of
freedom for each variance was 61 because of missing values.
As the range of the variance ratio was 1.17-1.35 the difference
of these two variances was considered insignificant.
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Table 3 Correlations of heart rate (HR) and HR variability (HRV)
indexes with age. HRV indexes included high-frequency (HF) and
low-frequency (LF) components. Each ordinate represents the
individual mean of the index. The coefficient of determination is
represented by »2.

posture equation r? r2 (%)
HR vs age standing y=—0.44x+102.22 —0.29 8
supine y=-0.10x+72.06 —0.08 i
HF vs age standing y=-0.09x+6.99 —0.58 34
supine y=—0.10x+7.42 —0.50 25
LF vs age standing y=-—0.14x+10.03 -0.50 25
supine y=—0.08x+6.85 —0.38 14
InHF vs age  standing y=—0.02x+3.93 —0.33 11
supine y=-0.02x+4.62 —0.39 15
InLF vsage  standing y=-0.02x+4.38 -0.30 9
supine y=—0.02x+4.56 —0.34 12

The correlations of the individual means of HR and HRV
with age (Table 3) indicated that HRV decreased with age,
although such was not the case for HR. The log-transformed
HRV indexes showed lower correlation coefficients than the
results of non-transformed HRV indexes.

Discussion

Ratio and magnitude of interV and intraV

Although the intraV% was 13-16% in HR, LF and HF
showed a larger intraV, i.e., approximately 30%. It is of interest
to note the results of Tango (1982) in various hematological
and biochemical indexes; viz., the intraV% of the number of
red blood cells (RBC) and uric acid (SUA) concentration
registered ca. 15 and 30%, respectively. Therefore, the
structures of individual variations in HR and HRV may
respectively be similar to those of RBC and SUA.

In addition to the percent contribution, we examined the
magnitude of variations by calculating interCV and intraCV,
which approximated 15-16 and 3% for HR, respectively. In
previous studies, the interCV of HR registered 15.6% in 32
males aged 48.9+6.8 (Sinnreich et al., 1998), 10.9-12.6% in
10 males and 10 females aged 28=2 (Pitzalis et al., 1996),
15.7% in 189 males and 200 females aged 50+ 6 (Pikkujamsa
et al., 2001), and 16.5% in 472 males aged 40-79 years (Kuo
et al., 1999). Note that some of the above results on CV were
based on the R-R interval (msec), whereas our results were
based on the mean HR (bpm).

In the above studies, the interCV of log-transformed HF and
LF at supine respectively registered 10.6-16.8% and 13.7-
17.6% (Pitzalis et al., 1996), and 18.5% and 13.2%
(Pikkujamséi et al., 2001). The interCV of log-transformed HF
and LF of this study were 15.0 and 13.5% at supine. Although
age variations were not identical, most of the above studies
have shown the interCV to display values almost similar to our
findings.

In our results, the intraCV of log-transformed HRV

approximated 6-7%. When Sinnreich et al. (1998) measured
the HRV of 70 normal subjects (32 males and 38 females from
a kibbutz in Israel) in a supine position, the intraCV values of
log-transformed HF and LF registered 12.1 and 11.5%,
respectively. However, the respective intraCV values of HF and
LF were 28 and 27% in 14 normal subjects (5 females and 9
males) measured by Hgjgaard et al. (2005). The intraCV of our
study indicated values smaller than those of previous studies.

From our results, the intraV values of HRV were negligibley
small, although those for interV were considerabley large.
Sandercock et al. (2005) have reviewed a number of studies on
the reliability and reproducibility of HRV and concluded that
the HRV indexes are reliable and reproducible. In short, our
results are consistent with their conclusion.

Effect of age on interV

It is well known that the HRV indexes are affected by age,
and the elderly tend to show a smaller HRV than the young
(Yeragani et al., 1997; Kuo et al., 1999; Ziegler et al., 1999;
Agelink et al., 2001). Our results also showed a decreased
tendency in HRV analogous to previous results. In this study,
the age of subjects ranged from 20 to 61 years, and this could
have been a factor affecting the interV. The HRV indexes
showed decreased tendencies with increasing age (Table 2).
The coefficients of determination (r*) were 11-34%. In short,
11-34% of the observed interV might be due to age variation.
The log-transformed indexes showed weaker correlations: the
coefficients of determination were 9-15%.

Effect of posture on interV and intraV’

The present study investigated the effects of postural
disposition on the intraV and interV of HRV. According
to Nishikino et al. (2006), orthostatic changes in
HRV components were influenced by single-nucleotide
polymorphism (SNP), which is related to the rennin-
angiotensin system (RAS). In other words, HRV specificities in
individual differences are probably influenced by posture.
Results in the present study revealed that the effects of posture
on individual differences were more apparent in LF than HF
components. Moreover, RAS influences the LF component of
HRYV via blood pressure variations (Akselrod et al., 1985). As
such, our findings are probably most closely related with the
results of Nishikino et al. (2006).

Effect of diurnal variation on intraV

A factor that possibly affects intraV is diurnal variation of
HRV. Huikuri et al. (1994) have reported that maximal HF and
minimal LF effects are observed early in the morning;
however, the changes of HRV indexes during daytime were
unclear. In our experiment, as measurements were conducted
for 3—4 hr in the afternoon, the effect of diurnal variation was
considered insignificant.

Strictly speaking, intraV explored in this study incorporated
both day-to-day and within-a-day variations, and differences in
these two variations were not significant. Similar results have
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been reported by Kowalewski and Urban (2004); viz., the
reproducibility of HRV yields no differences between within-a-
day and day-to-day (6 months) variations.

However, because of limitations on the experimental design,
examination of this issue might be insufficient in this study.
Further studies on the effects of time-span on intraV are
warranted.
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