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Abstract. In this st,udy, we  used  spectral  analysis  of

heart rate  variability  CHRV) to estimate  the changes

in  autonoinic  contro]  ill response  to disparate stimuli
produeed  by mental  task and  graded head-up  tilting,

The  Iow  t'requency (LF) eomponent  of HRV  provided
a  quant,itative index  of  the sympathetic  and

parasympathetie  Cvagal) aetivities  colltrolling  the heart

rate  (I'IR), while  the high frequency CHF) component
ot' I-IRV provide(i an  index of the vagal  tone. We  studied

17 healthy male.  subjects  C21-25 yr of  age)  who  were

placed on  a tilt-table and  the graded t,ilt-protoeol involved
tilted sine  angles  0.0, O.2, O.4, 0.6, O.8, and  1,O. These

tilt-protocols were  repeat･ed  with  or withoul,  the  mental

task, yvhieh  eonsisted  of  auditory  distinctive reaetioll-

tiine tasks. The basal autonomic  mode  against  the graded
head-up  tilt was  characterized  by  reciprocal  changes

in sympathetic  and  vagal  tones, There were  significant

increases of  HR  eorresponding  to the mental  task with

Iower tilt-angle, albeit the ehanges  with  higher tilt angles
were  not  signifieanL.  Furthermore, there were  increases

and  deereases of  the LIi" component  indueed by the ment,al

task at lower and  higher  tilt-angles, respeetively.  These
results  revealed  that the dit'ferent responses  of HR  and

LF componeitt,  against  the saine  tasks could  be  derived

from the alterations  of autonomic  inode  durMg  gradual
ehanges  in aut,onoinic  colltrol,

       (Appl Hzemctn Sct, 18  C6): 22･5-23f, 1999)

Keywords:  heart rate  variability,  autonornic  nervous
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Introduetion

   The autonomic  nervous  systein  plays an  important role

in regulating  homeostasis of  humans, who  are  sub,ieeted  to
various  multir'aceted  stimuli in daily life. Numerous studies
have reported  the reliability  et' lieart rate  variability  (I･{RV)
as a noninvasive  index of cardiac  autonomic  activjties  (e,g,,
Pagani ct al., 1986; Po]neranz et al,, 1985; Sayers, 1973).
HRV  defines fluct'tuations in the heart periods that

eneompass  two  main  eomponerits:  RSA  (respiratory sinus

arrhyt,hinia)  and  MWSA  CMayer wave  related  sinus

arrhythmia),  RSA  displays rhythrnieal  fiuc:tuations in the
heart periods that coincide  with  respiratory  frequenc.v
CBerntson et al,, 1993), while  MWSA  manifests  fluctuations

of the heart periods that synchronize  "dth  the baroreceptor
reflex  to art,erial pressure Mayer  waves  (Madwed et  al.,

1989). In the spectrum  analysis, RSA  and  MWSA  appear

in relatively,  high frequeney and  low fi'equency bands, and
are called  the HF  and  LF  conLponents,  respectively.  The

HF  component  iR the power  speetrurn  relates  to

parasympathetie  activity, while  the Lb] componeiLt

associates  with  both  parasympathetic  and  sympathetia

activities (Pomeranz et al., 1985). And, the LFIHF ratio

was  proposed  as an  index of  sympatho-vagal  balance by
Pagani et  al. C1986). Since sympatho-vagal  firing alters
spontaneous  sinus  node  depolarization of tlie heart, it could
alternatively  be argued  that heart rate (HR) refiects  the
said  sympatho-vagal  balance, }{owever, sympathetic  and

parasympathetie nervous  i'uiiction reciproeally,

independently and  non-reciproeally  (Berntson et  al,, 1994).

Because of these multiple  modes  of autonomje  ¢ ontrol, HR
is ambjguous  with  regard  to its autonomie  mode.

Therefore, there are  differeiices when  indices of syrnpatho-

vagal  balance$ are  defined by HR  and  HRV, which  eould

be divided into two main  eompoiients  rellecting  relative

syrnpathetie  and  parasympathetic  nervous  activiLies

(Pagani et  al., l986; Pomeranz et al., 1985).

   Iii reeent  applications  to evaluate  the changes  in
autonomic  aetivities, HRV  has been einployed  in

physiologieal assessruent  of Iiving environmental  faators
such  as t,herrnal, lighting and  aeoustic  l'actors (Miyake and
Kumashiro, 1991; Mukae and  Sato, 1992; Nishikawa et  al.,

1997), as well  as assessment  ot' mental  lactors such  as the
mental  load and  mental  task CLangewitz et  al., 1991; Pagani
et al., 1991), IL is therefore reasonable  to suppose  that the
integrated study  of  these faet,ors is needed  to c."valuate  the
living environmental  assessment  eomprehensively,  Given

that the stimuli  in these factors are  divided into passive
and  aetive  input.s, environmental  and  rnenta]  factors dcliver
passive and  aetive  sLimuli  to the autonomic  nerves,

respectively.  Through investigations on  the combined
ef.fects  of  environmental  and  mental  t'actors on  ¢ ardiae
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autonomic  responses  CIshibashi and  Yasukouchi, 1999), it

is suggestcd  that parasympathetic activity might  control

the basal effect  of ambiell1  temperature  and  the other

componerLts,  ineluding sympathetic  activity contributing  to

the increase in HI{ due  to mental  tasks. A  notable  result

was  that the  mental  task activated  HR  consjstently  via

sympathetic  control  as aetive  stlmu]i,  ",hile  the

parasympathetic  activity  was  affected  gradually with

alterations  ot' the ambient  ternperature as passive stjmuli,

A  number  oF studies  liave reported  the sympathetic

increase  in IIR due Lo mental  task  as aetive  stimuli

(Cacioppo et al., 1995; Freysehuss et aL, 1988; Jorgeitsen

et al., 1990). However, they  provided  mo  informatioii

about  the effect  or mental  Lasks on  HR  under  progt'essive
autonomic  alteratjons  by  passive st,imu]i, Previotis study

(Ishibashi and  Yasukouchi, 1999) has shown  the e.ffect ot'

mental  task und(,,r  gradual alLtiration of parasympathetic

aetivit,y is portrayed  as passive stimuli,  In this study,

thererore, we  investigated the effeet  of  mental  tasks on

autonomic  control  during physiological manoeuvre,  such

as passive graded head-up tilting, that increases

sympathetic  activities  (Iwase et  al., 1987; Mukai  and

Hayano,  1995).

to press the correct  key as  fast as possible resulted  in

subjeative  ieelings of stress, The inter-trial interval ",as

set at  2.0 sec,  and  12C) trials xvere  performed  at  each  tilt

angle.

   Eaeh tilt angle  was  maintained  for 6 rnin, and

measuremenLs  were  taken within  1 to 5 min.  Because  ot'

respiratory  effeets  on  the HF  compenent,  some

investigators have reeominended  controlling  the sub.iect's

respiration  in a certain  form  (Grossman et al., l991;

Kobayashi, 1998). Radaelli et al, (1994) have reported  that

controlled  breathing does not  induee important ehanges  in

autonomic  modulation  duririg tilting, and  according  to

Ishibashi et  al. (1997) HF  and  LF eomponent/s  are not

infiueneed by  respiratorsr eontrol  per se, Therefore, the

sukijects wei'e  instruct,ed to control  their respiratjon  at 15

breathslmin  (O.25 Hz) followiiLg audit･ory  eues  via  the

headphones during the ineasurement.  Under the mental

task eonditjon,  the cues  regurated  the tjming of  task

presentation.

   The  respiratory  curve  was  measured  by  a hot-wire

spirometer  (MINATO Medical Instrinments, RF-2) attached

to a mask  worn  by the subject.  ECG  (electroc:ardiogram)
and  the respiratory  curve  were  monitored  simultaneously.

Methods

Su･b7'ects

   Seventeen young  healthy male  adtdts  C21-25 yr of  age)

participated in the study  with  prior eonsent,  Meait

anthropometric  data for the sub.iects were  170.8 ± 5,36 em

in body height and  61,1 ± 7.68 kg iii body weight,  ALI

subjeets  were  clothed  in T-shirts and  shorts  with

underwear.  Sub.jeet,s were  asked  to abstain  from  eating,

drinking, smoking  and  exercise  fer at least two  hours

before the experiment.

ProcedzL7'es

   The experiments  ",ere  performed iit a climatie

eitamber  (280C; RH:  50%)  aL  our  university, The sub.]'eet,s

were  placed on  a  tik-table and  supported  xvith  a footrest.

Pt'ogressive orthostatic  sa/ress was  induced  by graded
tilting, wjth  supine  stabilization C25 min).  The graded t'ilt-

protoeol involved tilt,ed sine  angle  ot' O,O, 0,2, O,4, O.6, O.8,

and  1.0 Ccorresponding to 0,O, 11.5, 23.6, 36.9, 53.1, and

90.00, respecttvely),  These  tik protoculs were  repeated

udt,h and  without menl,al  task o]i the same  da}r, and  every

subjeet  was  tested under  each  condition  in an  order  tliat

virtuallv eounterbalanced  cross-effect,s  on  the subjeets.     tt
   The mental  task eonsisted  of auditory  distinctive

reaction-time  tasks. In this task, two different, one-digit

numbers  were  simultaneously  presented via  headphones

to eaeh  ear, "iith one  set  ol' the two numbers  randomly

arranged  for each  presentation, the subjeet  w･as  instrueted

t,e press a key that indicated the higher number.  The

concentration  reqnired  to ignore irrelevant information and

Data a.7zalysis

   Data  wei'e  analyzed  on-line  with  a persoiLal computer

with  an  analog-to-digital  conversic)n  rate  of  1000 Hz per
channel  by a 12-bit converter  (MICROSCIENCE, ADM-

652AT), The  heart period sequenees,  obtainecl  by

detecting the peak  of  R wave  in ECG, ",erc converted  into

beatslrnin and  interpolated into 10 Hz  equidistant  data, At

eaeh  tilt angle,  average  HR,  HF  and  LF  components  were

eomputed  from  the interpolated data within 1 to 5 min.  Ill

order  to derive the power spectra  of HRV, a ]iner least

square  fit was  {'jrst, constructed  fr'oin the data, The fidled

line was  then subtracted  frorn the data to delete any, liner

trend. The  power  spectra  were  derived i'rom thc data using

fast Fourier transform (FFT) processing, The  HF  and  LF

components  were  integrated from O.176 to O,332 Hz and

O.059 to O,137 Hz of the power  spectra,  respectively.  In

this study,  the number  ot' data applied  to derive the HF  and

LF coTnponent,s  were  1024 (interpolated at  1O Hz), and  the

time of data series  was  102.4 sec.  HF  alld  LF component,s

were  computed  tivice at  eaeh  tilt angle  and  the values  were

averaged.

    In this study,  we  jnstructed subjec:ts  to contro]  only

their respiratory  cyele,  Therefore, HF  cornponent  might

have been confounded  by potelltial alterations  in tidal

volume,  whieh  are  known  to affect  the magnitude  of HF

(Hirsch and  Bishop, 1981i Kobayashi,  1998). To

normalize  potenl/ial respiratory  inrluences, we  submitted

the IIF compenent  based on  the findings of  Kobayashi

C1998).
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Statisticat a,7za･tysts

   Results were  presented as the mean  ± S.E. Responses
to the mental  task procedure  and  effects  of head-up tilt
technique were  evaluated  by two- or  three-way analyses

of variance  CANOVA), Three-way ANOVA  was  used  to
analyze  the HR  and  HRV  parameters. The faetors were

task eondition  Ccontrol and  mental  task), tilt angle,  and

subject.  Two-way ANOVi'X was  used  to analyze  mental  task

performance.  The fa¢ tors were  tilt angle  and  subject.

Post-hoc eoinparisons  of meams  were  done by using  the

Ilisher's protected least significant differenc:e. Differences
with  a  pi'obability value  of less than e,05 were  considered

signit'jcant.

Results

90

A.N

 sogsie

 7e-oesE8:

 60

50

   Fourteen subjeets  eompleted  the protoeo]. 

'
 In 3 cases,

the protocel was  not  appliecl  because their respiratory
eycles  were  ftot well  regulated.

   From  the changes  in HR  during graded head-up  tilt
with  or without  mentai  task (b]ig. 1), three-way  ANOVA

revealed  significant effeets of tjlt angle  (F [5, 65] =  139.33,

p<O.OOOI), task eondition  (F [1, 13] =  9.26, p<O,01) aiid

Ctilt angle)fCtask  cendition)  interactjon (F [5, 65j =  5,77,
p<O.OOI)  on  HR, The HR  was  increased by  mental  tasks

until  a  ti]ted sine  of O,4 (p<O.01), whereas  further increase
of tilt angie  from 0,6 to 1,0 did nol,  elieit any  significant

et'fects,

   From  the spectr'al analysis  in HRV, although  three-way

ANOVA  revealed  significant  eiTects  of  tilt aingle (F [5, 65]
=  12.70, p<O.OOOI) on  HF  component,  task condition  and

(tilt angle)f(task  condition)  interactioi-vere not  significanL

(Fig. 2).

   Frorn the changes  in the LF coinponent  during graded
head-up t,jlt with  or  without  mental  task (Fig. 3), three-
way  ANOVA  revealed  significant effects of tilt angle  CF [5,
65] =  24.15, p<O.OOO])  and  (tilt angle)1(task  condition)

interaction {F [5, 651 =  3,77, p<O,Ol) on  LF component,

The LF eomponent  was  inereased by  mental  tasks until a

tilted sine  angle  of O.2 (p<O.05) followed by decreases at
a t･ilted sine angle  of 1,O (p<O.05),
   Figure 4 shows  the changes  in LFfHF  ratio during
graded heacl-up tilt wjth  or without  ineiita]  task. Three-

way  ANOVA  manifested  significant  effects  which  "rere

elicited  by tilt angle  CF [5, 65] =  29.91, p<O.OOOI) and  (tilt
angle)f(task  condition)  interaction on  the LFfHF ratio (F
[5, 65] =  3,11, p<0.05) . The LF!HF ratio  was  increased by
mental  tasks untii  a  tilted sine  angle  of O.2 Cp<O,05),
whereas  insignificant effeets  were  displayed as  the tilt
angle  inereased t'rom 0,4 to 1.0.

   With regard  to the reaction  time  (RT) data and
percentage  oi eorrect, responses  in the mental  task (Fig.
5), two-way  ANOVA  depieted insignitl'eant differences in

either  RT (F [5, 65] =  O.54, N.S,) or  pereentage of eorreat

responses  (F [5, 65] =  l,28, NS,)  with  the tilt･ angle,

-o.oO,2O.4O.6

Sine of  tilt angleO,81.0

Fig, 1 lt'he changes  in heart rate  during  graded beEtd-up tilt

  with  Cclosed circle)  aiLd  without  Copen circle)  rnental  task.

  The  tilt ang]e  × task condltion  inLeraetion was  significant

  Cp<O.OOI), Values  are  means ± S.E. [1[ p<O,Ol, ff p<O.05
  indicate the signit'icant  difference between a  values  and  the

  previous Mt  angle  in mental  task eolldition.  tt p<O.Ol,  
'['

  p<O,05  indicate stgnit'icant  difFerence between  a  values  and

  the  previeus  angle  in eontrol  eondition.  
**

 p<O,O1 , *
 p･.'O.OiU)

  indicate significant  ditl'erence between a value  of mental

  task and  eontrel  eondition,

A-ut'esh-"H･=ptsvggAN8m:

O,O14

O.O12

O.OIO

O.O08

O,oo6

O,oo4-o.oO,2
 O.4 O.6 O,8

   Sine of  tilt angle

1,O

Fig, 2 The  changes  in high frequeney CHF) compoiient  during

  grade.d he,ad-up till wit,h  Cclosed circle)  and  without  Cepen
  eircle)  rnental  task, Altheugh the et't'ect oi  tilL arigle  was

  sigllificantCp<O.OOOI),tiltanglextaskcoriditioninteraction

  was  i'iot.  Values  are  ineans  ± S,E.
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O.05

O,04

O.03

O.02

O.Ol-o.oO.2
 O,4 O.6 O.8

   Sine of  tilt angle

1.0

*

10,O

8.0Ao=N

 6,oxv

lr:,
 4.0A

2.0

o.o

+  Mental task

,

Fig. 3 The changes  in low  frequene}, (LF) component  duriikg

  graded hcad-up tilt with  (closed eircle)  and  wit,hout  Copen
   circle)  iueinal  task. Till angle  x  task eonditioi]  inleraf/tion

  was  sigiLitlcant  (p<O.el). Values are  rneans  ± S.E. Refer

  to syinbols  jndicating signii'icaiiL differences in Fig. 1.

-o.oO,2
 0.4 O.6 O.8

   Sine of  tilt angle

1,O

Fig. 4 IJhe changes  in LF/HF ratio  during  gradeti hcad-up  tllt

  with  (closed eircle)  and  withoi]t  Copen circle)  inentui  task.

  Tilt angle  × taslc eondition  jnteraction wns  significant  Cp<O.05) .
  Values are  means  ± S.E, Refer to symbols  indicatiiig sigiiit'ieant

  ditl'erences in Fig. 1.

Discussion

   In autonomic  respon$es  to orthostatie  stress, gravity
is an  essential  faetor. Its effect,s on  sub.]'eets plaeed on  a

tilt table can  be divided into t,wo components:  the force

acting  along  the body axis  and  another  exerting  against  on

the table. The tilted sirie angle  is proportienal to gravity
acting  along  the t)ody axis.  "Ji'th head-up tilt devoid of
rnental  tasl{ eondition  (i.e., control  conditicm)  

,
 the  present

study  showed  marked  HRV  responses;  viz,, a  progressive

deerease in the I{F compoiient  and  an  inerease in the LF
component  and  LFIHb] ratio with  the tilted sine angie. Our

I)resent filldings revealed  thal the basal aut,olloinie inode

against  the graded  head-up tilt was  charaeterjzed  by

reciproca]  ehaiLges  in sympathetic  and  vagal  lones, sirnilar

to the results  of previous studies  using  graded head-up  t,ilt,

or 900 head-up tilt (Bootsma et al., 1994; Kobay, ashi,  1996;

Pagani et al, I986). Nt/hough  the present study  manifested

a  progressive increase im Lhe LF aornponent  with tilt angle,
Mukai and  Hayanu C1995) have reported  that the LF

con'Lponent  increases with  the tilt angle  up  to 30C

Ccorresponding to sine  of tilt angle  O,5) and  dec)reased
slighLly, bul/ not  signifieantly, "iLth  the tilt angle  from 30

t,o 900 (corresponding to sine  of tilt angle  1.0) in graded
head-up tilt experiments.  It is possible that different
autonomie  controls  to the head-up  tilt caused  by
differences in the protocol of  measuring  period C"Jieling,
1988) are responsible  for this discrepancy, Montano  et al.

Cl994) reported  a similar  result  wit,h progressive inereases

･A
 8 7so
 oO  .g

 7ooo

 E 650･"

 a  600,96

 550gpt

 500

o,oO,2O.4O,6O.8

Sine of  tilt angle1,O

     v
     o80

 
.i

   8R7o
 g di

.z  ft
  

Age850

 
vx

 :
     o
     o
     -

Fig. 5 Reaction t,ime (open circie)  and  percelltages of  correct

  responses  Cclosed circle)  in the  inental  task over  sine  ot'

   tilt angle,  Valucs are  means  ± S.E.

of  the relatjve  LF  c}omponent  using  different tilt, angles  in
a  raiidom  order  interrupted by changes  in the supine

position, whi]e  va]jdation  of  the LF eomponent  i'esponse

to graded head-up  tilt was  emphasized  in this study.

   A linear t'unction between the tilted sine  angle  and  the

burst rate  of  muscle  sy, mpatheLie  nerve  activities during

graded head-up ti]ting has been portrayed in a stud,y by

Iwase et al, (1987). HoiN'ever, iw･ase et al. (1987) have also

NII-Electronic  
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 i'ound that HR  inereases exponential]y  with  graded head-

 up  tilt (i.e., greater augmentation  at, higher tilt angle).

 Furthermore, Mukai  and  Hayano (1995) have also

 encountered  this nonlinear  HR  response  to gravity, and  a

 similar HR  response  was  confirmed  in the present study.

 The augmented  HR  responses  may  reflect the arterial

 baroreflex, which  is speeifieally  aetivated  by  high levels of
 orthostatic  stress,  while  encompass  eardiovaseular

 responses  mediated  consist/ently  by the cardiopulmonary

 receptor  refiex  with  head-up tilt CSmith and  Ebert, 1990),

 In the present study,  this nonlinear  response  to gravity was
 also  marLifested  in the LF component  and  LFIHIi" ratio,

 These･ results  suggested  that there were  differeitt
mechanisms  regulating  

'cardiae
 autonomie  responses

between lower and  higher t/ilt angles.

    Nonetheless, since  the RT  and  percentage of eorreet

responses  on  the menta]  task did not  change  at each  tilt
angle,  it, rnight  be implied that the mental  load acting  as an

active  stimtdus  on  the subjeets  was  persistently maintained,

Under t/he control  condition,  the basal auto]omic  mode

against  the graded head-llp tlt acttng  as a passive stimulus
was  characterized  by progressive reciproea]  changes  in
sympathetic  and  vagal  tones. It was  notable  that, the
autonoinic  mode  was  a]tered  by the mental  task acting  as

an  aetive  stimulus.  However, further studies  to investigate

the altei'ation of the autonomic  rnode  against  the mental  task

(as active stimuli)  are warranted.  In this study,  alterations

of autonomie  mode  due  to the  mental  task evoked  different
autonomie  responses  at lower and  higher tilt angles,

respectively.  AIthough our  results indicated significant
increases of  HR  due  to the rnental task at lower tilt angles
Ctill/ed sine  angles  o,f O,O-0.4), the changes  at higher tilt
angles  (tilt,ed sine angles  of O,6-1.0) were  otherwise.  From
observations  on  the  LFfHF ratio, there was  signifjeant

interaction of  task  condit/ion  and  t,ilt angle, while  the HF

component  was  not  significantly  affected  by mental  Lask.

These results  suggest  that the increases in HR  due to the
mental  task at lower tilt angles  might  reElect  s}rmpathetic

activation, A  number  of  studies  have evidenced  sytnpathetic

increase in HR  due to inental  tasks aeting  as an  active

stirnulus  (Cacioppe et al,, 1995; Freyschuss  et  a]., 1988;
Jorgensen et al., 1990). The preseiit study,  however,

showed  that there were  HR  increases due to the mental  t/ask
only  at  lower tiit angles, suggest,Liig that the alterations  of

autonomie  mode  due to the mental  task evoked  a

syrnpathetie  increase in HR  only  at lower ti]t･ angles.

   FurLhermore, the LF  compoiient  depicted a  marked

response  to 1,he mental  task, although  the HF  eomponent,

aeting  as  an  index of paras,v. mpathetjc  activity, was  not

affeeted  by the mental  task. Cont/radietory studies  have
documented increases and  deereases of the LF  component

against  the effects ot' rnental  task. Laitgewitz and  Rifdde}

C1989) have  concluded  that the response  of the LF
component  is a  task-specific phenomenon.  Notwithstanding
the eornparable  results  for the same  mental  arithmetie  task                                            ,

 Lang et al, C1991-92) disputed the effeet as an inhibition of

 the LF component,  while  Langewitz and  RUddel  (1989)
 reported  it as unehanging,  and  Pagani et al, (1991) as

 aetivation.  The present  study  showecl  increases and

 deereases of  the LF componellt  due to the  mental  task at
lower and  higher tilt angles,  respectively,  This suggest･s that
both  changes  could  be eaused  by  alterations  of  the
autonomie  mode  and  the increase or  decrease of LF
component  rnight depend on  the basal LF  eomponent,  whieh

is iniluenced by only  passive stimuli.  The LF eomponent  is
a fluctuation ot' heart rat/e via  the baroreeeptor refiex to
arterial pressure Mayer  waves  CMadwed et al., 1989) , Since
the arterial pressure Mayer  waves  are presumed to occur
in a rhythrnie  t'ashion dependent  on  the sympathetie

vasornotor  aetivity (Hyncinian et  al., 1971; Preiss and  Polosa,
1974), the efliect  on  LF eomponent  is thought to correlal,e
with both baroreeeptor reflex  sensitivity and  sympathetic

aetivity. Pagani et al. (1986] have  reported  that arterial

pressure Maye]' waves  are increased by  orthostatic  stress.

In addition,  Pagani et  al. (l991) have also found that the
augment,ed  arterial pressure Mayer waves  are iRdueed  by
menta]  tasks. Furthermore, a  concurrent  deeline in the
baroreceptor reflex sensitivity during mental  stress has also
been observed  CBernson et al, 1993; Robbe et al,, 1987),
although the arterial barorefiex is activated  by  high levels
of  orthostatic  stre$s (Smith and  Ebert, 1990). Theret'ore, it
may  be sununated  that various  LF componeiit  responses  are

evoked  by a combination  of these mechanisms.  The  results

of  our  experjment  clearly  showed  that the alterations of

autonornic  mode  due to t}ie mental  task evoked  various

responses  in the LF  component,  albeit  the undqrlying

meehanisins  are not  clarified  as  yet. Furtherrnore, previous
contradictory  studies  about  the LF component  against  the
ei'fects of  mental  task might  be elarified  by the interactioii
of basal autonoimic  mode  and  its alteration,

   In summary,  the basal autonomic  mode  against  the
graded head-up  tilt as a passive stimulus  was  characterized

by reciprocai  ehanges  in sympathetic  and  vagal  tones,
Although the HF  component  was  llot affected  by melltal

tasks, the a]terat,ions of  autonomic  mode  due te the inental
task as active  stimuli  evoked  different responses  in 1/he LF
component  and  LFIHF  ratio  at lower and  higher tik angles,
as  its retleeted  by the }IR changes.  Al] in all, this study
suggests  that investigations of  the basai autonomic  rnode

and  re]evant  a]ter'ations  provide uset'ul  information in
physioiogical assessment  ot' mental  task andfor

enviromnental  faetors derived from integrated assessment

ol' the aet･ive  and  passive stimuli.
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