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S p e c tr a l  a n a ly s is  o f  R R  in te r v a l  v a r ia b i l i t y  a n d  n e u r a l  c a r d ia c  c o n tr o l  a t r e s t

T h e HP p o w er  o f  th e  R R  in terva l v a r ia b ility  o f  th e  E T A  grou p , ex p r esse d  in 

a b so lu te  v a lu e , w a s  s ig n if ic a n tly  h ig h e r  than th at in R T A  and s s  group . From  nu m b ers o f  

s tu d ie s  in d icta ted  that H F  p o w e r  o f  th e  R R  in terva l v a r ia b ility  is  m a in ly  d eterm in ed  by 

th e v a ga l to n e  (Furlan et a l, 1 9 9 3 ), so  th is  f in d in g  s u g g e s ts  an en h a n c ed  p arasym p ath etic  

con tro l o f  heart rate w ith  en d u ra n ce  tra in in g , in a g reem en t w ith  th e  o b s e iv a t io n s  o f  o thers  

w h o  u sed  d ifferen t (K am ath  e t a l, 1 9 9 1 ) or s im ila r  te c h n iq u e s  (P a g an i et a l, 1 9 88 ) w ith  

le s s  p arasym p ath etic  con tro l sy s te m  in R T A  and s s  group .

T h e LF p o w er  o f  R R  in terval v a r ia b ility  o f  th e E T A  g ro u p , ex p r esse d  in a b so lu te  

v a lu e , w a s  h ig h er  than that in s s  g ro u p , h o w e v e r , n o  s ig n if ic a n t  d iffe ren c e  is fou n d , 

com p ared  to R T A  group . A s  LF is  in f lu e n c e d  by  sy m p a th e tic  and p arasym p ath etic  

a c tiv ity , th e LF p o w er  o f  R R  in terva l v a r ia b ility  in E T A  grou p  is  rather h ig h  com p ared  to 

oth er g ro u p s b e ca u se  o f  h ig h e r  p a ra sy m p a th etic  p erfo rm a n ce  in E T A  grou p  than in th e  

rest o f  tw o  grou p s. T h e se  resu lts  are a g ree  to  P iu g  e t al stu d y  in 1 9 9 3 , w h ic h  find  that LF  

p o w e r  o f  th e  a th le te s  is h ig h e r  than that o f  n o n -a th le te s . A lth o u g h  LF p o w er  is b e lie v e d  to  

b e  a r e flec t io n  o f  both sy m p a th e tic  and p a ra sy m p a th e tic  in p u ts, sev era l in v estig a to rs  h ave  

attem p ted  to u se  th e a b so lu te  LF p o w e r  as a m ea su re  o f  sy m p a th e tic  to n e . T h is  m o st lik e ly  

rep resen ts an o v e r s im p lif ic a tio n  o f  th e  u se  FIR V . H o p f  et al (1 9 9 5 )  stu d ied  a ser ie s  o f  10 

su b jects  w ith  th orac ic  e p id e im a l a n e s th e s ia  w h ile  su p in e  and d u rin g  h ead -u p  tilt. H ead -u p  

tilt , a sy m p a th e tic  s tresses , d id  n ot resu lt in a c h a n g e  in a b so lu te  or fraction a l LF p o w er , 

further d em on stra tin g  that th e  LF band d o e s  n o t s p e c if ic a l ly  r e flec t card iac sy m p a th e tic  

m o d u la tio n . B e c a u se  o f  is su e s  re la ted  to th e  s p e c if ic ity  o f  th e  freq u e n cy  b an ds and lack  o f  

c o n c o r d a n c e  b e tw een  a b so lu te  a u to n o m ic  to n e  and p o w er , m u lt ip le  in v estig a to rs  h a v e  

p rop o sed  that heart rate v a r ia b ility  m ea su re s  can  b e u se  to  a s se ss  re la tive  c h a n g e  in 

a u to n o m ic  to n e , or th e  “b a la n c e ” b e tw e e n  sy m p a th e tic  and p a ra sy m p a th etic  a c tiv ity . O n e  

m eth o d  o f  a sse ss in g  sy m p a th o v a g a l b a la n c e  h as b een  u sed  to  th e  L F /H F  ratio p o w er , w ith
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in creasin g  v a lu e s  in d ic a tin g  a sh ift tow ard  sy m p a th e tic  p r ed o m in a n c e  (L e e , 1 9 9 6 ). For  

e x a m p le , sy m p a th e tic  n e rv o u s  sy s te m  a ctiv a tio n  seco n d a ry  to  u p righ t tilt  and th e  

ad m in istra tion  o f  v a so d ila t in g  d ru gs is a s so c ia te  w ith  th e in cre a ses  in th e  L F /H F  ratio  

(V yb ira l et al, 1 9 8 9 ). In a d d itio n , it is  fou n d  from  th e e x p e r im e n t on  h u m an  that m en ta l 

stress has a lso  b een  sh o w n  to  b e  a sso c ia te  w ith  th e in creases  in th e  L F /H F  ratio (P a g an i et 

al, 1 9 91 ). S y m p a th e tic  s tresso rs can  d e crea se  total var ia n ce , but th e  re la tiv e  p rop ortion  o f  

th e H R V  p o w e r  sp ec tru m  in L F  band m a y  in crease  re la tiv e  to  th e  o th er  fr eq u e n c ie s . 

T h erefore , th e  u se  o f  th e  ratio  to  a s se ss  sy m p a th o v a g a l “b a la n c e ” m a y  b e  m o re  app ropriate  

than u s in g  a b so lu te  v a lu e s .

T h e resu lt d e m o n stra tes  that L F /H F  ratio at rest a lo n e  o f  E T A  grou p  is  

s ig n if ic a n tly  lo w e r  th an  that o f  R T A  and s s  grou p , but no  s ig n if ic a n t  d iffe r e n c e  is  fo u n d  

b e tw een  R T A  and s s  grou p . T h is  in d ica te s  that sy m p a th e tic  p e rfo rm a n ce  at rest in  R T A  

and S S  group  is  h ig h e r  than E T A  grou p  resu lts  in h ig h er  H R  fo u n d  in R T A  and s s  

co m p a rin g  to E T A  grou p .
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P o w e r  s p e c tr a l  a n a ly s is  o f  R R  in te r v a l  v a r ia b i l i t y  a n d  n e u r a l  c a r d ia c  c o n tr o l  d u r in g

th e  e x e r c is e  a t 5 0 %  V 0 2 m a x

T h is  s tu d y  sh o w s  that, w h ile  e x e r c is e  p rod u ced  a s ig n if ic a n t  in crease  in th e ratio o f  

lo w  to  h ig h t freq u e n cy  peak , and d e crea sed  o f  th e  h ig h  and lo w  freq eu n cy  (a b so lu te  v a lu e )  

co m p o n e n t w h e n  com p ared  w ith  th e  restin g . T h e  co m b in a tio n  o f  an in crease  in L F /H F  

ratio and a d e crea se  in h igh  and lo w  freq eu n cy  c o m p o n e n ts  w ith  during e x e r c ise  is  

co n s is te n t  w ith  d e a c tiv a tio n  o f  a fferen t n e rv e  im p u lse s  from  s in o a o it ic  baroreceptors. A s  a 

d y n a m ic  n a g a tiv e  feed b a ck  s y ste m , th e  o s c il la to r y  a c tiv ity  in  th e  card iac m ed u llary  

cen ters  w o u ld  n o rm a lly  tilt  tow ard  in cre a sed  to n ic  sy m p a th e tic  stim u la tio n  o f  the  

perip heral v e s s e ls  and c o n c o m ita n t w ith d ra w a l o f  p a ra sy m p a th etic  ou t put to th e  heart 

(K am ath  et al, 1 9 9 1 ).

T h e resu lts  o f  th e p resen t stu d y  are su p p o rted  in d ire c tly  b y  e v id e n c e  e lse w h e r e . 

For in sta n ce , in an artic le  b y  B arto li et al in 1 9 8 5 , d em on stra ted  a lo w in g  o f  both  h ig h  and  

lo w  freq eu n cy  p o w e r  o f  R R  in terva l p o w e r  sp ec tru m  du ring  e x e r c ise . M a c ie l et al in 1 9 8 6 , 

stu d ied  th e e f fe c ts  o f  sy m p a th e tic  and p a ra sy m p a th etic  r e sp o n se s  to  d y n a m ic  e x e r c ise  in 

2 3  norm al m a le  su b jec ts . T h ey  fo u n d  th at th e  ta ch y c a r d ia  o f  e x e r c ise  is  m ed ia ted  b y  a 

b ip h a sic  re sp o n se  b rou gh t ab ou t b y  early  rapid v a g a l w ith d ra w a l and a m ore  d e la y ed  rise  

in sy m p a th e tic  stim u la tio n .

C o n s id er in g  th e re sp o n se s  o f  A N S  d u rin g  th e  e x e r c ise  at 50%  o f  V 0 2 m a x ,  th e  

p erfo rm a n ce  ad ju stm en t o f  sy m p a th e tic  n e r v o u s  sy s te m  o f  E T A  grou p  is lo w e r  than R T A  

and s s  grou p . T h is  m a y  b e  th e  resu lt o f  th e  e n d u r a n c e -e x e r c ise d  tra in in g , w h ic h  c a u se s  

th e  ch a n g e  b o th  in  th e  stru cture and  th e  p e r fo rm a n ce  o f  c a rd io v a scu la r  sy s te m  in clu d es;  

en la rg em en t o f  th e  card iac  ch a m b er  s iz e ,  d e c r e a se s  in tr in sic  heart rate and th e a lteration  

in b eta -a d ren erg ic  d e n sity .

In a d d itio n , th e  resu lt h as sh o w n  that th e  h ig h  V 0 2m a x  gro u p s a lso  has h ig h  H F  

p o w er  during th e rest as fo u n d  in E T A  g ro u p . T h e se  resu lts  sh o w e d  in F ig u re  16
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d em on stra te  th e  sca tter in g  o f  H F  p o w e r  d u rin g  th e  rest and  V 0 2 m a x  ou t o f  th e  three  

grou p s. T h ese  f in d in g s  su p p ort th e  s tu d y  resu lt o f  G o ld sm ith  and  h is  c o l le a g u e s  in 1 9 9 7  

rep ortin g  that th e  grou p  w ith  h ig h  V 0 2 m a x  c o rre la te s  w ith  h ig h  H F  p o w e r  during th e rest.

P rev io u s  s tu d ie s  h a v e  rep orted  th at th e  p e rso n  w h o s e  th e  p erfo rm a n ce  during th e  

rest o f  p a ra sy m p a th etic  n e r v o u s  s y s te m  c o n tr o llin g  heart rate is  d o m in a n t o v er  

sy m p a th e tic  n e rv o u s  sy s te m  w i l l  h a v e  m o re  v en tr ic u la r  fib r illa tio n  th resh o ld  or le s s  risk  o f  

heart d ise a se  than. T h o se  w ith  th e  p e r fo r m a n c e  o f  sy m p a th e tic  n e iv o u s  sy s te m  is  

d o m in a n t (S ch w a rtz  e t al, 1 9 8 4 ). T o g e th e r  from  rec en t rep orts and  th is  stu d y  d em on stra te  

that e n d u ra n ce -ex erc ise d  tra in in g  w i l l  re su lt  in  e n h a n c in g  ca rd io v a scu la r  p erform an ce; 

V 0 2m a x  in cre a ses , d e c r e a se s  H R  at rest, b lo o d  p ressu re  d e c r e a se s , and th e risk  o f  

ca rd io v a scu la r  d is e a se s  m a y  b e  lo w e r . It ca n  b e  se e n  from  th is  stu d y  that en d u ra n ce-  

e x e r c ise d  tra in in g  are n o t o n ly  g o o d  fo r  c a r d io v a sc u la r  sy s te m , b u t a lso  e n h a n c e s  th e  

p erform an ce  o f  p a ra sy m p a th etic  n e r v o u s  s y s te m . T h is  resu lts  in  lo w e r in g  th e  heart rate  

and th e b o d y  re la x e s  m ore.
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CONCLUSION
In c o n c lu s io n , th e s e  f in d in g s  s u g g e s t  th at th e  en d u ran ce  e x e r c is e  tra in in g  resu lts  in  

en h a n c in g  th e  p e r fo r m a n c e  o f  p a ra sy m p a th etic  n erv ou s  s y s te m  c o n tr o llin g  heart rate 

b etter th an  th e  r e s is ta n c e -e x e r c ise  tra in in g . M o reo v er , th e  resu lt o f  th is  s tu d y  can  b e u sed  

to g iv e e  th e  r e c o m m e n d a tio n  o n  e x e r c is e  p rog ra m m in g  for h ea lth , w h ic h  is  e x p e c te d  to  

e n h a n c e  th e  p e r fo r m a n c e  e f f ic ie n c y  o f  p a ra sy m p a th etic  n e rv o u s  s y s te m  co n tr o llin g  

ca rd io v a scu la r  sy s te m . In a d d it io n , th e  te c h n iq u e  o f  A N S  p erfo rm a n ce  a s se ssm e n t u sed  in 

th is  s tu d y  can  a ls o  b e  u se d  as th e  e a sy , c o n v e n ie n t  and sa v e  c h o ic e  for a s se ss in g  th e  

a u to n o m ic  fu n c tio n  o f  c a rd io v a scu la r  sy s te m . F urtherm ore, th e se  te c h n iq u e s  m a y  b e  

u se fu l to  a s se s s  th e  stress  le v e l  (P a g an i e t a l, 1 9 9 1 )  or a sse ss  for o v er-tra in in g  sta te  o f  th e  

a th le te s  (H e d e lin  et a l, 2 0 0 0 )  and , c o n se q u e n tly , further im p ro v e  th e  ap p ropriate tra in in g  

program s.
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