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Abstract 1[Xa,o difTerent spectral analyseg  of  heart rate  (}{R)
variability (HRV) were  pcrformcd on  scvcn  yeung  male

subjects to evaluate  the effbcts of  different color temperaturcs

of tight cxposure  (6700K, 5000K, 3000K) befbre sleep on
cardjac vagal  activity. In investigating HIVLC we  used  an

ord{nary  ftLst Fourier transfbrm (FFT) and  coarse graining
spcctral  analysis  (CGSA), which  selectii,ely extracts random

fracta] components  from a  given timc  series.  The results

showed  that supprcssions  ofHR  during sleep  after  6700 K  light

exposure  were  morc  inhibited than the other two  lighting

conditjons. Increases in high-frequency (HF) components  of

I'IRV during slccp wcre  also inhibited by 6700K  pre-sleep

lighting, These results indicate that pre-sleep exposure  to light

efa  higher color temperature rnay  inhibit the enhanccment  of

cardiac vagal  activity during sleep. Morcover, significant  HF

alterations  were  shown  in fractal-free HF  (not in ordinary  HF)

cemponents  by CGSA.  Because the IIF component  originates

from respiratory  sinus  arrhythmia  with  periodical fiuctuations,

CGSA  may  be an  appropriate  approach  for HRY  eva]uation

during sleep,  J  Plp,siol Anthffopol 26(IYr 39-43, 2007 http:,/1
www.jstage.jst,gojp,browsci)'pa2
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Introduction

  There is aecumulating  neuro]egical  evidence  suggesting  that

bright light affects  autonomic  outfiows,  enhanccs  sympathctic

activity  and  suppresses  parasympathetic activity  through the

suprachiasmatic  nuclcus  (SCN> in the hypothalamus (Niijima
et al., 1993; Scheer et at., 2003). Recent findings a]so indicate

that light containing  much  shorter wavelengths  of ca. 6500K
with  a high color temperature infiuences the nervous  systems

even  when  tlie subjects are exposed  to the same  light intensity;
i.e. IjghL of  a high color  temperature  enhances  sympathetic

andlor  suppresses  parasympathetie aetivities more  than  the

other  light sourccs  (i.c., 5000K  or  3000K)  at thc samc  light

intensity (Mukae and  Sato, 1992; Kobayashi and  Sato, 1992;

Ytisukouchi and  Ishibashi, 2005), It is well known that

exposure  ro bright light at  night  induccs supprcssion  of

melatonin  secretions and  elevations of  core  temperature,  blood

pressure and  heart ratc (HR) (Burgcss et al,, 2001; Higuchi ct

al., 2005; Tsuneda et al., 200t; Ybkoi et  al., 2006). Howevcr,

little is known  about  the effect  of  exposure  to light ofa  hjgh

color  temperature  before sleep  on  autonornic  activitics  during

sleep, although  Morita and  lbkura (1996) htwe previous]y
documented the  effi}cts  of  pre-s]eep high coLor  temperature

exposure  en  core  temperature  und  melatonin  in humans.
Moreover, Katsuura et  al., (2002), have reported  that time-

dependent changes  in physiologicully suitable  celer  temperature

in humans are  similar  to changes  in natural  sun]ight.

Therefbre, artificial  lights of  a  high color  tcmpcraturc would

not  be appropriate  for nighttime  illuminanee for humans. The
homeostatic ability  of  autonomic  modulation  to artificial light
cxposure  at nighttime  should  be considered  when  perspectives
ofthe  techno-adaptability efhtumans  are  involved.

  One of  the reliable  non-iirvasive  indexes of  monitoring

cardiac  autonomic  activities  is heart rate  variability  (HRV)
(Pagani et al., 1986; Pomeranz et al., 1985; Sayers, 1973).
Through spectral analyses  of HRNC beat-by-beat observations

of  the fluctuation in HR  intervals have res,ealed the ma.ior

inyolyement of  high-frequency (HF) and  low-frequency (LF)
components.  The causal factor of  thc HF  componcnt,  which

scrves as a reliable index of cardiac vagal activityl is respiratory
sinus  arrhythmia  (RSA), Details on the physiological
mcchanism  and  significance of  RSA  have previously been
dcscribed (Berntson et al., 1993; Hayano et al., 1996).
Although RSA  disp]ays periodical fiuctuations in HRV  that

coincide  we[] with  the regpiratory  cycle,  spontancous  HRV

contains aperiudic  fluctuations, where  the power spectrurn

exhibits fractal components  (Kobayashi and  Musha,  1982),

Djstinguished HF  components  in a  powcr  spcctrum  ofHI(V  are

measurcd  by controlling the respiration ofsubjects  in a certain

fashion (Grossman et aL, l991; Kobayashi, ]998), a]bcit thc

approach  is impractical under  normal  slecp-in  conditions.  The

NII-Electronic  



Japan Society of Physiological Anthropology

NII-Electronic Library Service

JapanSociety  ofPhysiological  Anthropology

40 EfTec,tsof6700KLighton[[Rv

aperiodic  (or fractat) componcnt  has to bc abbreviated  in HRV

eya]uations during sleep to yietd a  specifically  usefu1 outcomc,

cspccia]ly the detailed analysis of RSA.  Therefore, we  rcsortcd

to the coarse  gruining spcctral  analysis  (CGSA) method,  which

is a technique for extracting  random  fractai componcnts  f'rom a

given time series (Yarnamoto and  Hughson, 1991; Yamarnoto

and  Hughson, 1993), fbr HRV  analysis.

  In this study,  we  examined  the etfects  ofpre-slcep  exposure

to ]ight of a high color temperature on  cardiac  vagal  activity

using  HRM  and  compared  the reliabi[ity  of  HRY  findings
during sleep between an ordinary  FFT mcthod  and  the CGSA
approach,

'1'able
 1 Specification oflight  sourccs  forcxposure

fype ModelnumberRa  x-axis  v-axis

Methods

  Sevcn young healthy rnale adults (mean age:  21.0±2.1

years) participatcd in this study  with  prior consent.  The

subjects were  asked  to wear  short  pants and  sleeveless  shirts

during the experjment,  and  abstain frorii naps  bcfbrc the
expcrimcnt.  All studies were  conducted  from Juty to

November.

  Subjects were  exposed  to experimental  lighting conditions

consisting of  three diff'erent co]or temperatures <6700K,
5000K, 3000K> before sleep, Each conditien  of  the light
sources (Tabie 1) was  irradiated on  a  randomized  subject  on  a

ditferentday.

  The investigations wcrc  pcrfbrrned in a  climatic  chamber

without  windo-'s.  Thc climatic  chamber  was  controlled  at  an

ambient  temperature  of  25± O.1OC with  a relative humidity of
50± 1`va. The experimental  protocol ofthis  study is shown  in
Fig. IA, During the first 1-hr period (r8:OO-19:OO hr), subJlects
were  similarly exposed  to control lighting (a dim ]ight of  1O-
lux intensity; the illuminance meter  was  placed in thc ccnter  of

the chamber  at a horizontal position 900mm  above  the floor)
for each  exposurc  condition. Sub.iects washed  thernselves

(19:OO-19:30hr) wjth  sN'arm  water  (ca, 400C) provided in a

bathroom acijaccnt to the experimentaE  chamber  befbre
cxposure  to a certain  light stimu]u$  fbr 7,5 hr (19:30-02:OOhr)
under  each  lighting eondition. The intensity ot' each  ]ight
exposure  was  ordjusted to 10001ux. The subjccts wcrc

instructed to rest on  a sQfa  and  to remain  awake  during thc
light exposure.  They were  allowcd  to read  without  the use  of

any  device equipped  with  other tight sources (c.g., mobile

cornputer, video  game) as described previously (Higuchi et al.,

2005; Higuchi et al., 2003), Supper Ca uniformly  prepared
ordinary  Japanese meal  for all cxpcrimcntal  conditions)  was

providcd at 20:30hr, The subjects slept in a bed in near

darkness from 02:OO to 09:OOhr. Subjects were  accommodated

in thc chamber  for onc  night befbre the experiment,  with  al[

preccdurcs and  conditions for habituation. Subjects acclimatized

to a sleep-wake  pattern 10 days belbre the experiments  were

asked  to maintain  the same  sleep-wake  cyclc unti] termination

ofthe  experimental  period.
  Electrocardiography (ECG) was  perfbrrned on  subjects  with

an  amplifier  (AB-621G, Nihon  Kohden, Japan). ECG  signals

C'ontrol Illcandescent]arnp LDSIOOV38WWK  IOO O.463 O.415

30eOK  FIuorescentlamp FIIF32liX-L-H S4 O.438 O,392
50eOK  FIuorescentlamp )'HF32EX-N-H  84 O.349 O.349
67eOK  FIuorescentJamp FHF32EX-D-H  84 O,316 O,319

were  meagured  on-line using  a personal computer  "'ith an

analog-to-digital  conversion  rate of 1 kHz per channel  by 12-
bit AD  conyerter  (ADM-5298BPC, Microscience, Japan). The
R-R  interva] sequences  (i.e,, HRV>  were  obtaincd  by detectjng
the pealc of  thc R  wave  in the ECG.  Unequal R-R intcrvals
N-'ere interpolated into 6-Hz  equidistant data at 5-min. intervals

(lgOO data points), The data were  first emp]oyed  fbr the
calculation  of  the mean  R-R  interval. The HR  was  obtaincd  by
dividing 60000 msec  by the mean  R-R intervaa. In calculating
the HRV  spectra,  linear trcnds were  eliminated  by linear
regression  befbre FFT  and  CGSA  were  used  for 10 tirne-
shifted  subsets  o"024  data points with  the Hunning  window.

The algerithm  of  thc CGSA  was  based on  thc method  of

Yamamoto  and  Hughson  (1993). CGSA  providcs aperiodic  (or
fractal) componcnts  from the total power spectra.  Thc ftactal-
free (i.e.. pcriodic, or  harmonic) components  were  obtained  by
subtracting  the total power spectra  from the aperiodic

componcnts.  The ordinary  HF  and  LF components  were

estimated  by FFTL while  the fractal-free HF  aiid LF
components  were  monitorcd  by CGSA  for each  tirne interval.
The IIF and  LF  components  werc  rcspcctively  integrated from

O.15 to O.50 Hz  and  from O.05 to O.15 Hz  ofthe  power spectra,
and  were  averaged  at 20-min interva]s for variance  homogencity,

  The significant  difTerences betureen thc va[ues under

difTerent lighting conditions  fbr each  time  intcrval were

determincd by the two-tailed  multiple  t-test with  BonferrQni
corrcction  (three comparisons  under  threc different conditions).

D{fTcrcnccs were  considered  significant  whcn  p<O.05,

Results

  Because the subiect  sample  wus  retatively  small,  the rclatiyc

changes  from the contro]  ]ighting condition  in each  diffbrent

lighting condition  werc  uscd  for analysis.  No significant

differcnccs in the baseline control  values  wcrc  found between
any  two ofthe  three conditions.  Before trans[ation into relative

changes,  no  signifieant  differences were  observed  between the
1{ghting conditions, although  significant  changes  during sleep
coinpared  with  pre-sleep in HR  and  HRV  were  obtained,

  Based on  the relative  changes  or  HR  (Fig. IB), significant

diffbrences were  verified  between t]]e different lighting

conditions.  The HR  in the midst  of  the sleep  period afler
6700K  light cxposure  was  higber than  that of  3000K  light

exposure.  In addition,  thc HR  of6700K  light exposure  scorcd

the highest at  the end  ofthe  sleep  period conipared  with  those

subjected  to 5000K and  3000K light exposures.  In short,
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Fig. 1 Expcrimental protoco[ (A) and  relative  changcs  in (B) heart rate (vs, control  lighting condition)  under  differcnt ]ighting eonditions,  {C)
   fractal-free high-frcquency (HF) componcnt  by coarse  graining spectral  analysis  CCGSA) and  (D} ordinary  HF  componcnt  by fast Fourier

   transfbTrn  (FFT), Values are exprcssed  as  the mean  standard  erroTs  (SE) of7  human subjccts,  where  significant  diITcrences ofp<O.O1  ("'),

   <O.05 (""), or  <O.1  (") and  p<O.e5 ('I"l'), or  <O.1  (D in data of  6700K  cxposure  were  compared  with  5000 anid 3000K 1ight. rcspectively.

suppressjons  of  HR  during sleep  after  6700K  light exposure

were  more  likcly to be inliibitcd than  during the othcr lighting

conditions.

  From the relatjve changes  of  fractal-t'ree HF  determined by

CGSA  (Fig. IC), significant difTerenccs between the difforent

lighting conditions were  verificd,  The fi'a¢ tal-frec HF

components  during 6700K  light exposure  were  lower than

those during 3000K  and  500eK  light exposures,  The fracta]-

IVee HF  components  in the midst  of  the sleep period after

6700K light exposure  were  lower than that after 3000K

expesure,  From  lhese findings, increases of  fractal-free HF

cornponcnts  were  inhibited under  6700K  light exposure.
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  With reference  to the relatiye  changes  of  ordinary  HF  by
FFT (Fig, ID), significant ditTerences were  not  observed

between the lighting conditions  fbr cach  time  interval.

  Furthermorc, no  significant  differences in thc ordinary  LE
or fractal-free LF were  verificd  between the lighting conditions

for each  time  intcrval.

Discussion

  The  results  of this study  suggest  that pre-slccp light

exposure  to ditlbrent eolor tempcratures may  modify  cardiac

vagal  activities during sleep, even  whcn  the light intensity of

the different co]or  temperatures rcmains  unchanged.  Exposure

of 6700K light with  a high color  temperature, or  relatively

short-wavelength  light, wou]d  suppress  cardiac  vagal  activity

during slccp  compared  with  a 3000K  light source, Morita and
Ibkura (1996) have obscrved  marked  suppressions  of

nocturna[  jncreases of  rnelatonin  secretion by 6500K light
exposurc  compared  with  3000K light exposure  before sleep.
Nocturnal increases of  melatonin  secretion are  strongly

inhibited by short-wax'e]ength  light (Brainard et al., 2001;
Cajochen et  al., 2e05). Cajochen ct al. (2005) havc also

rcported  that exposures  to short-wayelength  light (460nm)
inhibit nocturnal  f･IR suppressions.  Moreever, a study  with

administrations  of  exogenous  melatonin  suggests  that

melatonin  elicits  a  direct effect on  cardiac autonomic  activity,

thereby incrcasing cardiac  vagal  activities  (Nishiyama et  al,,

2001). Furthermorc. Kozaki et a]. (2005) have demonstratcd
considerablc  attenuation  of  slow-wave  sleep (SWS) with  6700
K  pre-slccp light exposure.  During SWS, the HF  components

tend to increasc (,Bonnet and  Arana 1997; Trinder et  al., 2001;
Tsunoda ct al., 2001). Pre-slcep exposure  to light of  a  high
color temperature may  inhibit cardiac  vagal  control  during
sleep, a]though  the causal  factor of  decreased HF  components

remains  unclear.

  VVk: evaluated  the cardiac  vagal  activities using  HF
components  derived frorn the spectral  analysis  of  HRM  The
results of  this study  indicate that the fractal-free HF

componcnt  showed  a  significant  correlation with  thc HR
resu]ts.  in contrast, the cffects  of  color  tcmperature on  ordinary

HF  components  were  not significant.  Thc ordinary  HF
component  contained  a ti'actal (or aperiodic)  component.  The

HF  eomponent  originates from RSA.  which  is a periodical
fluctuation of the heartbcat that synchronizes  with  the

respiratory rhythm  (Berntson et  al., 1993; Hayano  et al., 1996).
Therefore, the fbllowing possibility may  be considered  with

respeet to the results: aperiodic  components  of  HF  masked  the

alteration of  RSA. Certain studics  have shown  that no

significant  effects  are  exerted on  ordinary  HF  components

whcn  human  sub.jects  are exposed  to brjght light stimulations
at night  <Burgess ct aL, 2001; Tsunocla et  at., 2001). The

resu]ts  of  this study  indicate that relative changes  in the fractal-

free IIF components  befbre and  after slcep  were  morc

remarkable  than  in the ordinary  HE  The  improvcd signal-to-

noise  ratio  of  HF  components  could  provide the significant

differences between the ditTbrcnt lighting conditions.  CGSA
may  be an  appropriate  approach  for HRY  evaluation  during
sleep, especially  with  detailed analysis ofthe  HF  components.

  In summary,  pre-sleep exposure  to light of  a  high color

temperature may  inhibit enhancements  ofcardiac  vagal  activity

during slcep,  Attenuation of  vagal control is one  of  the risk

factors in coronary  heart discase (TsLiji et  al., 1994), Thc

present study  was  lirnited by expressjon  of  the resuLts  in
changes  relative to the contro]  value, although  relativc values

do reflect intra-individual variations,  Further studies  to

inyestigate the effects  of  inter-individual variations on  the

inhibitions of  cardiac vaga]  control  on  exposure  to light of  a

high color  temperature are  warranted.
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