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Abstract Spectral components  of  heart rate  variability

(HRY) were  repeatedly  measured  (4-8 measurements;  mcan:  6

measurements)  in 75 healthy Japanese male  subjects  (age
range:  20-61) under  two  postural conditions  (standing and

supinc),  Low-frequency (LF) and  high-frcqucncy (HF)
components  and  mean  heart rate  (HR) were  ana}yzed  with

specia]  reference  to indiyidual variations,  which  Niv'ere classified

into two  types: inter- (interV) and  intra-individual variations

(intraV). The perccnt contributions  and  coeMcients  of

variations  were  calculated  for both interV and  intraV Percent

contributions  of  intraV (intraVgta) of  HR  with  standing  and

supine  pestures were  15.8 and  12,99,6, respectively.  The

intraV% of HF  and  Ll; on  standing  were  31,5 and  26.5%,

while  those  in thc supine  posture were  27.8 and  35.5%,

respectively.  The coeMcients  of  interV (interCV) and  intraV

(intraCV) were  also calculated.  The interCVs of  HR, HE  and

LF  on  standing  were  14.9, 41 .4, and  48.49ta, while  those  in the

supine  posture registered  16.2, 42.9, and  44.2gi", respectively

The intraCVs of HR,  HE  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 logarithrnic-transformed HRV  indexes, The  log-

transfonnation  remarkably  diminjshed both variables:  interCV

and  intraCV registered  14-16 and  6-796, 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 coeencients  of deterrnination (e) wcre  14-34%, In the

case  of  log-transfbrmed HIuv indexes, the coerncicnts  of

deterrnination registered  9-15%,  suggesting  that 14-34%  Craw)
or 9-･15% (log) ofthe  observed  interV may  be due to variations

in age.  J  Pbysiot Anthmpol  26(2)r 173-177, 2001  http:lt

www.jstage.jst,go,jplbrowseijpa2

[DOI: 102114ijpa226.173]
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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 variatiens  (intraV). Thcse two  variations  have

different perspectives; while  interV represents  the interaction

between genotype and  environrnent  (including both natural  and

socio-cultural  lactors), intraV is a  result  ofinconsistency  ofthe

physiological functions within  a subject. Therefore, we  need  to

discrirninate the effects  of  interV from intraV in interpreting

physiological indexes. If thc measurements  of  an  experiment

were  condueted  only  once,  interV would  not  likely be

discriminated from intraV In short,  wc  necd  to repeat  multiple

rneasurements  ofany  physioLogical index in aiiy  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 employcd  in various  fields of life
sciences  (Kobayashi, 1999). Although numerous  studies  on

HRV  have been attempted  in recent  years, this index
occasionally  produces controversial  rcsults  due to the influence
of  individual variations.  In ambulatory  HI(V rclated  with

monozygotic  twins, genetic contributions  of  interV to SDNN
and  RMSSD  (time-domain indcxes) account  for 35-47% and

40-489i6, respectively  (Kupper et al., 2004). With regard  to

high-fi'equency (HF) and  low-frequency (LF) components,  the

genetic contributions  ofthese  frcquency 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%,

respcctively  (Hottenga et  al., 2005), As  such,  the efTect  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

reproducibi]ity  of  HRV  by Sandercock et  al. (2005), the extent

of  intraV influence on  HRV  indexes rernains  inconclusive.

Therefbre, we  conducted  repcated  measurements  of  HRV  in
healthy Japanese mates,  and  quantitatively examined  the
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contributions  of  interV and  intraV

Methods

  The hcartbeat intervals in 75 healthy Japanese male  subjects

(age: 20-61 years) wcre  monitored,  In age  distribution (Fig. 1),

the  measurements  ofthe  subjects  wcrc  conducted  in a series  of

two postural conditions: standing  and  supinc.  ]M]  rcpeatedly

monitored  the heartbeat intcrvals 2-4 times  a  day, and  the

sarne procedures ",ere  fbllowed up  3 weel<s  after  the  first

mcasurement.  Therefore, measurernents  were  repeated  4-8

times in tota] Cmean frequency: 6 measuremcnts).  The order  of

experimental  cenditions  betwecn the experimental  periods was

changed  to minimize  the effect  of  circadian  variation.  After
lunch at 1t:OOhr, mcasurements  were  conducted  on  subjects

between 13:Oe-16:Oehr. Respiration control  was  not  applied  in

this stucly.

  A  wristwatch-type  heart ratc monitor  (Polar S801j; Finland)
was  used  for monitoring  the hcartbeat jntervals, which  were

recordcd  for 4min at a  tirne-resolution of  lmsec. The
hcartbcat data (including beat-detection crrors) were  either

corrected  or  excluded  fi'om analysjs.

  The sequences  of  heartbeat intervaLs werc  converted  into
beats per min  (bpm), and  interpolated as  S-Hz equidistant  data

according  to the instantaneous heart rate  {HR) method

dcscribed by De  Boer  et  aL, (1985).
  Power spectra  of  liRV were  caleulated  from 1024 points
(204.8 s) of  the interpolated heart rate  sequences  using  fast

Fourier transformation (FFT) processing. HF  and  LF

componcnts  werc  intcgrations of  the powcr spectra  at their

respective  ranges  of  O.1S-O.35 and  O.04-O.15Hz. In addition,

the natural  logarithmic (]og)-transforrned HRV  indexes were
calculated fbr comparison  with  the results ofprevious  studies.

In this casc,  wc  calculatcd  the powcr  spectrum  based on  the

beat-to-beat interval sequence  instead ofinstantaneous  HR.

  Using one-way  repeated  ANOVey,  we  calculated percent
contributions  of  the interV (interV%) and  intraV (intraV"/o).
  interV96 und  intraVY6 are  defined by the fb]lowing formulas:

    interV%==S'SL/S,× 100

25

>, 208g

 i5gCi

 10

s

       o "
                      40           20                 30                   35                         45                            so ))                                  60 65              2S

                     age

Fig. 1 Age  distribution ofsubjecLs  -ho  participated in the study.

    intraV%=100-interP'%

    SS-S,-cUI,XV,,

    S,=Sh+S.

whcrc

    Sb: sum-oFsquares  of  interV

    Sil: pure sum-oflsquares  of  intcrV

    S.: sum-oilsquares  of  intraV

    S,/ total sum-oflsquares  ofinterV  and  intraV

    cijL: degree of  freedorn ofinterV

    t: variancc  ofintcrV

  WC  alse calculated the  coeMcients  of  intcrV (intcrCV) and

intraV (intraCV) to examine  the extent of  variations.

CoeMcients interCV and  intraCV were  derived from the

fo11owing formula:

interCV=1OO-{;'           x

intercy =  t2ioo :-J
           i

where

                 ]

q' =[",  2(x-, 
-
 .-)?]

i

                  t

oe･ =  [t EL (x, - x-, )! ]
i

where  n  and  r  are  the

respectively

Rcsults

number  of  subjects  and  repeats,

  The results  of  thc HR, HE  and  LF  (Fig. 2) revea]ed  that

when  rcpeatcd  measurcments  in a subjcct wcre  plottcd in a

vertica] line, the horizontal and  vertical  variations  would

respectix,ely  represent the interV and  intraV The distribution
characteristics  were  diffbrent betwecn the HR  and  HI(V
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 Howcver, this tendcncy was  not

observcd  in HR.

  According to the values  of  interV and  intraV in the  HR  and

HRV  indexes (Tlible 1), the intraV% ofHR  indicated 15.8 and
1 2.9Y6 with  the standing  and  supine  posturcs, respectivcly.  The

HRV  indexes showed  a larger intraV than  that of  HR:  i.e.,

approximating30%.

  In thc LF  componcnt,  the intraVV6 in the supine  posture was

larger than  that on  standing;  howcver, HF  showed  a  smaller
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Fig. 2 Vlariations of  the heart rate (HR), high-frequency (HF) and  low-frcquency tlLF> components  of  HR  variabilitts  (HRIO. Each abscissa
   represents  the mean  value  ofintra-individual  variations  (intraV) for a  subject,  while  the ordinate  represents  the mean  of  individual }ariations

   inasub.iect.

Table 1 lntcr- {interiv') and  intra-individual variations  (intraV) ofheart  rate  (HR) and  HR  variabiTity  {LtRV) indexes,

   such  as high-frequency (HF) and  low-frequcney cL.F) compenents.  interlJ'"'o' and  intraVV6 arc  pcrcent contribution

   of inter- and  intra-individuul variations,  respectivcly.  CoeMcients of  interV and  intraV are  represented  by intcrCV

   andiiitraCMrespectivelyposture

mean n interV%intraV%interCV  CO/o) intraCV(V'o)

HRHFLF StandingSupineStandingSupineStandingSupineg6.3368.73

 3.894.30

 6264.75

45044345044345044384.287.T68.S72.273.564,515.812.931.527.g26.535.514.916.241,442.948.444.2 5.0
 4.7l9.520.121.223.0

Tablt 2 Inter- {interV) and  intra-individuak,ariations (intraV) of  log-transformed I'IRV indcxcs, such  as ln Hl; and
   ln LF  components

posture mean n {nLerV%intraV%interCV  (V'o) intraCV (%)

lnHFlnLFStandingSupineStandingSupine3.353.883.823,9845044345044378.779.480.376.521.320.619.723.5 162IS.OT4113.57.26.46,15.9

intraV% in the supinc  posturc. Bccausc LF  and  HF  indicated

opposite  responses  to postural changes  (Kobayashi, 1996), the

above  results  are  considered  rational.

  Thc cocrncients  of  interV and  intraV (interCV and  intraCV)

of  HR  approximated  E5-16 and  5%, while  those  of  HRV
approached  41-48  and  20%,  respectively  (Tbble 1), Based  on

the contributions  and  CVs of log-transfbrmed HRV  indexes
(Table 2), interCV and  intraCV approximated  to 15 and  6-79ta,
rcspectively,  The log-transfbrmation remarkably  diminished

both interCV and  intraCV

  The above  intraV included both day-to-day and  within-a-day

variations.  Tb examine  the effect  of  timc-span  in repeated

measurements,  we  calculated  the intraV of  data that included

day-to-day variations  and  those  ot' data that incorporated only

within-a-day  variations.  In this calculation,  the degree of

freedom for each  variance  was  61 because of  rnissing  values.

As the range  ofthe  variance  ratio  was  1 .17-1.35 the ditr'erence
ofthese  two  variances  was  considered  insignificant.

NII-Electronic  



Japan Society of Physiological Anthropology

NII-Electronic Library Service

JapanSociety  ofPhysiological  Anthropology

176 lntcr- and  Intra-Indii,idual Variations of  HRV

Table3  Correlatiens of  heart rate  (HR) and  HR  variability (H]W)
   indexes with  age.  HRV  {ndexes included high-frequency (HF) and

   low-frequency (LF) components.  Each  ordinatc  rcpresents  the

   individua1 mean  of  the index, The  eoefficierit  o'f determination is

   represented  by ri.

posture equation F?r2C%)

[l]< vs  ageHF

 vs  ageLF

 vs  agetnHF

 vs  agc

lnl.F vs  age

standingsupinestandingsupinestandingsupinestandingsupinestandingsupiney=-U.44x+I0222

y[-O.10x+:2.06
},=-O.09x+6.99

y=-o.lex+7,42

y=-o.14x+lo.o3

y=-o.osx+6.gs

y---o,e2x+3,93
),=-O.02x+4.62
J･=-O.02x+4.38

J,=-O,02x+4.S6

-O.29-o.es-O.58-O.50-O,50-O,38-O,3]-O,39-O.30-O,3481342525141115912

  The  correlations  of  the individual mcans  of  HR  and  HRV

with  age  (Table 3) indicated that HRV  decreased with  agc,

although  such  was  not  the case  fbr HR.  The  los,-transformed

HRV  indexes showed  lower correlation  coeMcients  than the

results  of  non-transfbrmed  HRV  indexes.

approximated  6-7%]. When  Sinnrcich et al. (1998) measured

the HRV  of  70 normal  subjects  (32 rnales  and  38 females from

a  kibbutz in Israel) in a supine  position, the intraCV values  of

log-transfbrmed HF  and  LF  registercd  12.1 and  11.5%,

respectively.  However, the respectivc  intraCV values  ofHF  and

LF  werc  28 and  279,S in 14 normal  subjects  (5 females and  9

males)  rneasured  by Hajgaard et  al. (2005). The intraCV ofour
study  indicated values  smaller  than  those  ofprevious  studies,

  From  our results,  the intraV values  ofHRV  were  negligibley

small,  although  those for interV were  considcrabley  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.

Discussion

Ratio and  magnitude  ofin ter V  and  intva V

  AIthough the intraV% was  13-16%  in HR. LF  and  HF

showed  a  larger intraY i.e., approximately  30%. It is ofintcrest
to note  thc results  of  fango (1982) in various  hematological

and  biochemical indexes; viz., the intraV% of  thc number  of

red  blood cells  (RBC) and  uric  acid  (SUA) concentration

registered ca. 15 and  30%, respectiveLy.  Therefore, the

structures  of  individual yariatiens  in HR  and  HRV  may

respectively  be similar  to those  ofRBC  and  SUA.

  In addition  to the percent contribution,  -'e  examined  thc

magnitude  of  variations  by calcuiating  jnterCV and  intraCY

which  approximatcd  15-16 and  3%  for HR, respectively. In

previous studies,  the interCV of HR  registered  15.69,6 in 32

males  aged  48.9±6.8 (Sinnreich ct  al,, ]998), 10.9-12.6%  in

10 males  and  10 fcmales aged  2g± 2 (Pitzalis et al., 1996),
15.7% in 189 ma]es  and  200 femalcs aged  50± 6 (Pikkojhrnsti
et  al., 2001), and  16.5% in 472 rnales  aged  40-79 years (Kuo
et  al., 1999). Note that some  of  the  above  results  on  CV  were

based on  the  R-R  interi,al (rnsec), whereas  our  results  were

based on  the mean  HR  (bpm).
  In the above  studics,  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  18.59,a and  13,2%

(Pikkqjtimsti et al,, 2001). The interCV oflog-transfbrmed  HF

and  LF  ofthis  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  alrnost similar  to our

findings.

  In our  results,  the  intraCV of  log-transfbrmed HRV

ayect of'age on  in ter if
  It is well  known  that the HRV  indcxcs are  affected  by age,

and  the eldcrly  tend  to show  a  smaller  HRV  than  thc young

(Yeragani et al., 1997; Kuo  et  al., l999; Ziegler et al., 1999;
Agelink et al., 2001). Our results  also  showed  a decreased
tendency  in HI(V 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  (Tlable 2).

The  coerncients  of  determination (r2) were  I1-34%. In short,

1 1-349ta ofthc  observed  interV rnight  bc due to age  variation.

The log-transfbrmed indexes showed  weaker  corrclations:  the

coefficients  ofdetermination  were  9-15%,

Efflact qf'postttre on  in ter l7 and  in tra V

  The  present study  investigated the effects  of  postural
disposition on  the intraV and  intcrV of  HRM  According

to Nishikino  et al. (2006), orthostatic  changes  in

HRV  components  wcre  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 infiuenced by posture.

Results in the present study  revealed  that the effects  oi' posture
on  individual differcnccs were  more  apparent  in LF  than  HF

components.  Moreover, RAS  influences the LF  component  of

HRV  via  blood pressure variations  (Aksclrod et  al., 1985), As

such,  our  findings are  probably most  closely  related  with  the

resu}ts  ofNishikino  et  al. (2006).

lltTect ofdiurnal variation  on  intra P'

  A  factor that possibly affbcts  intraV is diurnal variation  of

HRV  Huikuri et al. (1994) have rcported  that maxirnal  HF  and

rninimal  LF  efTects  are  observed  carly  in the morning;

however, the changes  of  HRV  indexes during daytime were

unclear.  In our  experiment,  as  measurements  were  conducted

for 3-4hr in the afternoon,  the effect of diurnal variation  was

consideredinsignificant.

  Strictly speaking,  intraV explored  in this study  incorporated

both day-to-day and  within-a-day  variations,  and  diflerences in

these two  variatjons  were  not  significant. Similar results  have
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been reported  by Kowalcwski  and  Urban (2004); viz., thc
reproducibility  ofHRV  yields no  difTerences between within-a-
day and  day-to-day (6 months)  variatiens.

  However, because of  lirnitations on  the experimental  design,

examination  of  this issue might  be jnsuracient in this study.

Further studies  on  the effects  of  time-span  on  intraV are

warranted.
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