
C H A P T E R  I I I

M ATER IALS  AND METHODS

1. Research design
T h e d e s ig n  o f  th e stu d y  can  b e  c la s s i f ie d  as o b se r v a tio n a l s tu d y  w ith  c r o ss -  

se c t io n a l a n a ly tica l m eth o d . T h e  lo c a l e th ic s  c o m m itte e , F a c u lty  o f  M e d ic in e  

C h u la lo n g k o m  U n iv e r s ity , a p p ro v ed  th e s tu d y  p r o to c o l.

2. Subject
T h is  stu d y  c o m p r ise d  th ree g ro u p s o f  y o u n g  h e a lth y  m a le  v o lu n te e r s , n a m e ly  

en d u ra n ce  trained  a th letes  (ท= 2 0 , a g e  2 0 -2 5  y e a r s ) , r e s is ta n c e  tra in ed  a th le te s , (ท= 2 0 ,  

a g e  2 0 -2 5  y ea rs) and sed en ta ry  su b jec t (ท= 2 0 , a g e  2 0 -2 5  y ea rs). N o n e  o f  th e se  su b jec ts  

had a n y  d ise a se s  or w a s  ta k in g  a n y  m e d ic a tio n . T h e  su b je c ts  and th eir  gu ard ian s  

p r o v id e d  in -fo rm ed  c o n se n t. E n d u ran ce  tra ined  a th le te s  (E T A ) w e r e  s e le c te d  from  

lo n g -d is ta n c e  runners in T h e A m a teu r  A th le t ic  A s so c ia t io n  o f  T h a ila n d  and lo n g ­

d is ta n c e  runner in  th e R a m k h u m h ea n g  U n iv e r s ity  w h o  had tra in ed  (1 5 -3 0  k m .d , 

6 d .w k ) fo r  at lea st 3 years and p a rtic ip a ted  in  n a tio n a l f ie ld  c o m p e tit io n s . R e s is ta n c e  

tra in ed  a th le te s  (R T A ) w ere  s e le c te d  fro m  w e ig h tl if te r  in T h e A m a teu r  W e ig h tlifte r  

A s so c ia t io n  o f  T h a ilan d  w h o  had tra in ed  (2 -4  h .d , 6  d .w k ) for  at lea st 3 y ea rs and  

p a rtic ip a ted  in n a tio n a l f ie ld  c o m p e tit io n s . S e d en ta ry  su b je c ts  (S S )  w e r e  s e le c te d  from  

stu d en ts  in  th e C h u la lo n g k o m  U n iv e r s ity  and n o n e  o f  th em  had  b e e n  e n g a g e d  in an y  

ty p e  o f  regu lar lo n g -term  p h y s ic a l tra in in g  fo r  last 3 y ea rs  b e fo r e  p a rtic ip a tio n  in  th is  

stu d y .

E x c lu s io n  criteria  in c lu d ed  cu rren t sm o k in g , h ab itu a l c o n su m p tio n  o f  c a ffe in e  

and a lc o h o l, h y p er ten sio n , lo n g -te r m  u se  o f  an y  m e d ic a t io n , o b e s ity , p sy ch ia tr ic  

d ia g n o s e , any m e ta b o lic  or c a r d io p u lm o n a r y  d is e a s e  that c o u ld  a ffe c t  the a u to n o m ic

n e rv o u s  fu n ctio n .
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2. Equipments
T h e fo l lo w in g  e q u ip m e n ts  w e r e  u se d  for  d e term in a tio n  o f  p h y s ic a l f itn e ss  

ch a r a c ter is tic s , w h ic h  in c lu d e d  b o d y  h e ig h t, w e ig h t , p ercen t b o d y  fat, s y s to l ic  and  

d ia s to lic  arterial b lo o d  p r essu re , m a x im u m  o x y g e n  c o n su m p tio n , card iac  stress  test and  

for d e term in a tio n  o f  ca rd ia c  a u to n o m ic  co n tro l.

2 .1  P h y s ic a l  h e a l th y  f i tn e s s

S te th o s c o p e  and sp h y g m o m a n o m e te r  (A II-K 2 ,J a p a n )

W e ig h t  b a la n c e  (Y a m a to  D P -6 1 0 0 G P ,J a p a n )

A  s c a le  for h e ig h t  

S k in fo ld  c a lip e r  (L a n g , U S A )

O x y g e n  and  c a r b o n d io x id e  g a s  a n a ly zer  (Q u in to n  M e ta b o lic  Cart, 

Q M C , U S A )

C ard iac s tress  te s t in g  e q u ip m e n t (Q u in to n  in stru m en t C O , Q 4 5 0 0 ,  

U S A )

C y c le  e r g o m e te r  (C o r iv a l 4 0 0 ,  U S A )

2 .2  C a r d ia c  a u to n o m ic  c o n t r o l  t e s t in g

E le c tr o c a r d io g r a m  a m p lif ie r  m o d u le  (E C G 1 0 0 A )

U n iv e r sa l in ter fa ce  m o d u le  (U I M 1 0 0 )

C o m p u ter  (A te c  P C )

S o ftw a r e  a n a ly s is  (B IO P A C  s y s te m  A c k n o w le d g e  3 .2 )

C y c le  e r g o m e te r  (C a te y e  e r g o c ise r , Japan)
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3. General Procedure
3 .1  H e a lth  h is to r y  a n d  in fo r m e d  c o n s e n t

E ach  su b ject w a s  in fo r m e d  ab ou t th e  p u rp o se  and th e p o s s ib le  r isk s and b e n efit  

o f  th is  stu d y  prior to g iv in g  h is  c o n se n t. G e n era l h isto ry  o f  ea ch  su b ject w a s  o b ta in ed  

from  q u estio n n a ire  in w h ic h  m e d ic a l h is to r y , in ju ry , d a ily  a c t iv it ie s , p h y s ic a l tra in in g  

and p ast i lln e ss  w ere  in c lu d ed .

3 .2  V ita l  s ig n  a t  r e s t

E ach  su b ject rep orted  to lab o ra to ry  in  th e  m o rn in g . H eart rate, S y s to l ic  and  

d ia s to lic  arterial p ressu re  w ere  m ea su re d  at rest w ith  s te th o sc o p e  and  

sp h y g m o m a n o m ete r .

3 .3  A n t r o p o m e tr ic  m e a s u r e m e n t

B o d y  w e ig h t  and h e ig h t o f  su b jec t w e r e  m ea su red  b y  u s in g  a w e ig h t  b a la n ce  

(Y a m a to  D P 6 1 0 0 G P ,J a p a n ). P ercen t b o d y  fat w a s  d e term in ed  as p r e v io u s ly  d e sc r ib ed  

b y  W a tso n . T h e th ic k n e ss  o f  sk in  fo ld  at th e  fo l lo w in g  s ite s  o f  th e  b o d y  w a s  m ea su red  

b y  u s in g  a sk in fo ld  ca lip e r  (L a n g e , U S A  ):

B ic e p s :  o v e r  th e m id  p o in t  o f  th e m u sc le  b e lly  w ith  arm  

restin g , su p in a ted , and  v e r t ic a lly  re lax .

T r icep s: o v e r  th e  m id  p o in t  o f  th e m u sc le  b e lly  b e tw e e n  the  

o le c r a n o n  p r o c e ss , w ith  th e arm  h a n g  v e r tic a lly .

S u b scap u lar: ju s t  b e lo w  th e tip o f  th e in fer io r  a n g le  o f  the  

sca p u la r  at th e a n g le  o f  ab ou t 4 5  d e g r e e  to th e  v ertica l.

S u p ra iliac: ju st  a b o v e  th e  ilia c  crest in  th e m id  a x illa r y  lin e .

T h e  th ic k n e ss  m e a su r e m e n t at e a ch  s ite  w a s  rep ea ted  th ree tim es  per  

s ite  and th e avera g e  v a lu e  w a s  u sed .

B o d y  d e n s ity  and p e rcen t b o d y  fat w e r e  c a lc u la te d  a c c o r d in g  to the

eq u a tio n s  o f  D urnin and R h am an a
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F or su b jec ts  a g e  >  2 0  years

B o d y  d e n s ity  =  1 .1 6 3 1  -  0 .0 6 3 2  lo g  ร  w h ere  ร in th e  su m  o f  fo u r  sk in  fo ld  

rea d in g  (in  m m .)

P ercen t b o d y  fat w a s  c a lc u la te d  fro m  th e b o d y  d e n s ity  u s in g  S ir i’s eq u a tio n . 

B o d y  fat (% ) =  (4 .9 5 /D  -  4 .5 )  X 100  

W h ere D  is  b o d y  d e n s ity

3 .4  H e a r t  r a te  m o n ito r s  a n d  e l e c t r o c a r d io g r a m  (E C G ) r e c o r d in g

3 .4 .1  R e s t in g  12  -  L e a d  E C G

A  restin g  12 -  lea d  e le c tr o c a r d io g r a m  (E C G ) w a s m easu red  

d u rin g  th e su p in e  rest b e fo r e  th e e x e r c is e  test to  d e tec t restin g  arrh yth m ias, heart 

b lo c k , or e v id e n c e  o f  m y o c a r d ia l is c h e m ia  or in fa rctio n . T o  m ea su re  the standard 12 

lea d s  E C G , 10 e le c tr o d e s  w e r e  u sed . T h e  e le c tr o d e s  for th e three lim b  lea d s  (I, II, and  

III), three a u g m e n te d  u n ip o la r  le a d s  w ere  p la c e d  o n  the right c la v ic le ,  le ft  c la v ic le ,  and  

le ft  ilia c  cre st o n  m id a x illa r y  lin e . A  gro u n d  e le c tr o d e  w a s  p la c e d  on  th e right ilia c  

crest on  m id a x illa r y  lin e .

T h e  s ix  c h e s t  e le c tr o d e s  (V I  to V 6 )  m ea su re  th e v o lta g e  a cro ss  a s p e c if ic  area  

o f  th e c h e s t , w ith  th e  a v era g e  v o lta g e  a cro ss  th e  o th er th ree lea d s . F igu re 8 illu stra tes  

e lec tro d e  p la c e m e n t fo r  th e  c h e s t  le a d s , V I :  o n  right stern al b ord er in  4 th in ter co sta ls  

sp a ce , V 2: o n  le ft  stern al b ord er  in  4 lh in te r c o sta ls  sp a ce , V 3: at m id p o in t o f  a str igh t 

lin e  b e tw e e n  V 2  and  V 4 , V 4 : o n  m id c la v ic u la r  lin e  in  5 th in ter co sta ls  sp a ce , V 5 : on  

anterior a x illa r y  l in e  and h o r izo n ta l to V 4  and  V 5 , and V 6: on  m id a x illa ry  l in e  and  

h o rizo n ta l to  V 4  and V 5 . D u r in g  th e re s tin g  E C G  record in g , th e c lie n t  sh o u ld  lie  

q u ie tly  in a su p in e  p o s it io n  o n  a ta b le . T h e  e le c tr o d e  s ite s  sh o u ld  b e  sh a v ed , i f  hair is  

p resen t, and c le a n e d  w ith  a lc o h o l. R e m o v e  th e su p er fic ia l lay er  o f  sk in  at ea ch  s ite  b y  

ru bb in g  it w ith  fin e  gra in  e m e r y  p ap er or a g a u z e  pad. D isp o sa b le  e le c tr o d e s  co n ta in  

e lec tro d e  g e l  and a d h e s iv e  d isk s . A fter  a p p ly in g  th e e le c tr o d e , tap it firm ly  to test for  

n o isy  lea d s. C a lib ra te  h as b e e n  p erfo rm ed  th e E C G  recorder prior to u se  b y  record in g
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th e  stand ard  lm V  d e f le c t io n  p er cen tim eter . T o  stan d ard ize  th e tim e  b a se  for th e E C G , 

se t  th e  pap er sp e e d  w a s set to  25  m m  per se c o n d .

3 .4 .2  T w e lv e - le a d  e x e r c is e  e le c t r o c a r d io g r a m  (E C G )

A  tw e lv e - le a d  e x e r c ise  e lec tro ca rd io g ra m  (E C G ) w a s m ea su red  d u rin g  the  

in cre m en ta l e x e r c is e  test to d e tec t m y o c a r d ia l ish e m ia  and in fa rctio n .

F ig  8 illu stra tes  e le c tr o d e  p la c e m e n t for  th e c h e st  lea d s
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3 .5  I n c r e m e n ta l  e x e r c is e  te s t

In crem en ta l e x e r c ise  test w a s  p erfo rm ed  w ith  ea ch  su b ject on  a ca lib ra ted  c y c le  

erg o m eter  ( C o r iva l 4 0 0 , U S A ) to  d e term in e  m a x im u m  o x y g e n  c o n su m p tio n  rate  

( V 0 2m a x ). T h e h e ig h t o f  th e sa d d le  o f  th e erg o m eter  w a s  ad ju sted  to b e  ap p rop ria te  

for  in d iv id u a l su b jec ts . T h e su b jec t w a s  req u ested  to m a in ta in  a p e d a lin g  fr e q u e n c y  o f  

6 0  p ed a l r e v o lu tio n s  per m in u te . V 0 2m a x  test w a s  started  w ith  3 m in  o f  lo a d  le s s  

p e d a lin g . T h erea fter  th e p o w e r  ou tp u t w a s  su b se q u e n tly  in crea sed  b y  2 5  w a tts  e v e r y  

m in u te  u n til th e su b ject co u ld  n o t m a in ta in  p e d a lin g  at freq u en cy  o f  6 0  rpm  or rea ch ed  

v o lit io n  fa tig u e .

3 .5 .1  G a s  e x c h a n g e  m e a s u r e m e n t

M a x im u m  o x y g e n  c o n su m p tio n  ( V 0 2m a x ) w a s  m ea su red  d u rin g  th e  

in crem en ta l e x e r c is e  test. O x y g e n  c o n su m p tio n  ( V 0 2), C 0 2 p r o d u c tio n  ( V C 0 2), 

m in u te  v e n tila t io n  (V E ) , and o th er  d e r iv ed  p aram eters w ere  c o n t in u o u s ly  m o n ito r e d  

b rea th -b y -b rea th  u s in g  a co m p u te r iz e d  s y s te m  (Q u in to n  M e ta b o lic  Cart, Q M C , U S A ) .  

D ata  on  VO., and  V C 0 2 w e r e  e x p r e sse d  in  a standard c o n d it io n  o f  standard tem p era tu re  

p ressu re dry (S T P D ) and V E  in  th e  c o n d it io n  o f  b o d y  tem p erature p ressu re  sa tu rated  

w ith  w a ter  v a p o r  (B T P S ).

3 .5 .2  C r it e r ia  o f  o b ta in in g  V 0 2m a x

O n e or m o re  o f  th e fo l lo w in g  d e fin e d  th e le v e l o f  e x e r c ise  in te n s ity  at 

w h ic h  V 0 2  rea ch es  m a x im u m .

1) a p la tea u  o f  o x y g e n  c o n su m p tio n  (an  in crem en t o f  le s s  than 150  m l. 

0 2 m in  1 w ith  a further in cre a se  in w o rk  rate)

2 )  a heart rate c lo s e  to th e in d iv id u a ls  a g e-re la ted  m a x im u m  (2 2 0 -a g e )  

i i o  b e a ts/m in .

3 ) a resp iratory  g a s  e x c h a n g e  ratio  (R ) v a lu e  greater  than 1.1
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4 )  s ig n  o f  ex er tio n a l in to le r a n c e  ( fa t ig u e )  and an in a b ility  to  m a in ta in  

th e req uired  p ed a l rh ythm .

F ig u re  9 illu stra tes  heart rate m o n ito rs  and  e le c tr o c a r d io g r a m  (E C G ) record in g

3 .6  C a r d ia c  a u to n o m ic  c o n t r o l  te s t

C ardiac a u to n o m ic  co n tro l te sts  w ere  p e r fo rm ed  at lea st tw o -d a y  after th e  

in crem en ta l e x e r c ise  test. E ach  su b jec t rep orted  to  lab ora tory  in  th e  m o rn in g  (9 .3 0  

am .) at lea st 2 h ou rs after b reak fast. T h e  su b je c ts  w ere  in stru cted  to  p erform  no  

stren u o u s e x e r c ise  and a b s tin e n c e  fro m  c a f fe in e  o n  th e d ay  o f  th e ex p er im en t. 

C o n tin u o u s E C G  rec o r d in g s  w ere  o b ta in e d  d u rin g  th e fo l lo w in g  p h y s io lo g ic a l  

m a n eu v ers: 5 m in  s itt in g  rest sta te  and 5 m in  s te a d y  sta te  e x e r c is e  at 50%  m a x im u m  

o x y g e n  c o n su m p tio n . T h ree e le c tr o d e s  w e r e  fir m ly  a tta ch ed  to th e  right c la v ic le , le ft  

c la v ic le , and le ft ilia c  crest on  m id a x illa r y  lin e . C are b e in g  tak en  to  en su re ad eq u ate  R
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w a v e  s ig n a ls  for data  p r o c e s s in g  w h ile  a v o id in g  D C  in ter feren ce  and m in im iz in g  

m o tio n  artifacts. S u b je c ts  w ere  first a sk e d  to rest co m fo r ta b ly  in  ch a ir  for  3 0  m in . T h e  

room  w a s  q u ie t, in  se m i-d a r k n e ss , and m a in ta in ed  at a co n sta n t tem p eratu re o f  2 3 -  

2 4 ’C. C are w a s  tak en  to  a v o id  r e p e t it iv e  ex tern a l au d itory  or v isu a l s tim u li at 

fr e q u e n c ie s  b e lo w  1 H z. S u b jec ts  w e r e  a sk e d  to  rem ain  a w a k e  and re la x ed  d u rin g  th is  

stea d y  sta te  p h a se  (5  m in ) o f  th e s tu d y . N o  attem p t w a s  m ad e to  in flu e n c e  th e  pattern, 

d ep th , or rate o f  resp ira tio n  d u rin g  a n y  rec o r d in g  se s s io n .

S u b ject th en  p erfo rm ed  s te a d y  sta te  e x e r c is e  at 50%  o f  m a x im u m  o x y g e n  

co n su m p tio n  w h ile  s it t in g  u p righ t o n  a m e c h a n ic a lly  brak ed  c y c le  erg o m e te r  (C a tey e  

er g o c ise r , Japan). S te a d y  sta te  e x e r c is e  w a s  a c h ie v e d  w h e n  heart rate v a ried  le s s  than  

f iv e  b e a ts .m in  1 th ro u g h o u t th e  5 m in  e x e r c is e . It w a s  o n ly  th en  (a p p r o x im a te ly  5 m in  

from  th e start o f  e x e r c is e )  that c o n t in u o u s  E C G  s ig n a ls  w ere  record ed  for  p o w e r  

sp ec tru m  a n a ly s is . T h e  to ta l d u ra tio n  o f  th is  s te a d y  sta te  p ortion  o f  e x e r c is e  w a s  ab ou t 

10 m in .

F ig  10 illu str a te s  card iac  a u to n o m ic  co n tro l test
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S ig n a l  p r o c e s s in g  a n d  p o w e r  s p e c t r a l  a n a ly s is

T h e  E C G  s ig n a ls  w e r e  d ig it iz e d  u s in g  a 1 6 -b it a n a lo g u e  to  d ig ita l  

co n v e r t at 1 k H z. A  p e a k  d e te c tio n  a lg o r ith m  for  lo c a t in g  th e R w a v e  im p le m e n te d  in 

th e so ftw a r e  as fo l lo w s . I f  th e  a m p litu d e s  o f  th e E C G  R w a v e  e x c e e d e d  a preset 

th resh o ld , th e  p r e se n c e  o f  th e  p e a k  w a s  in d ica te d . T h en  th e a m p litu d es  o f  th e  

s u c c e s s iv e  E C G  sa m p le s  w ere  se r ia lly  c o m p a r e d , to  lo c a te  p r e c ise ly  in tim e  a v o lta g e  

m a x im u m  in th e Q R S  c o m p le x , ie , R  w a v e  p eak . T h e th resh o ld  w a s  set so  as to  e x c e e d  

th e n o is e  le v e l  and the p e a k  a m p litu d e s  o f  th e  p ,ร  and T  w a v e  in the E C G  w a v e fo r m . 

T h u s an R -R  in terva l se r ie s  w a s  fo rm ed  from  th e c o n tin u o u s  sa m p le s  o f  th e E C G  data. 

F ig u re  16 sh o w s  a sc h e m a tic  e x a m p le  o f  th e  s im u lta n e o u s  a n a ly s is  o f  R -R  in terva l 

v a r ia b ility . F rom  th e E C G  s ig n a l a d e r iv a tiv e /th r e sh o ld  a lg o r ith m , u s in g  as a f id u c ia l 

p o in t th e p eak  v a lu e  o f  th e R w a v e . P r o v id e d  th e c o n tin u o u s  ser ie s  o f  R -R  in terva l 

(ta ch o g r a m ). T o  im p ro v e  th e a ccu ra cy  o f  R  p e a k  d e te c tio n , a p a ra b o lic  in terp o la tio n  

w a s in co rp o ra ted  in th e program .

H eart rate v a r ia b ility  is a p o in t e v e n t  ser ie s . H o w e v e r , p o w e r  sp ectra l a n a ly s is  

req u ires as fo l lo w s . A  b e a t-to -b e a t heart rate se r ie s  c o m p u te d  from  th e s u c c e s s iv e  R -R  

in terva ls  and th e resu ltin g  heart rate w a s  r e sa m p le  u s in g  lin ea r  in terp o la tio n  to  o b ta in  

an e q u a lly  sa m p lin g  tim e  ser ie s . C o m p u ta tio n s  w ere  p erfo rm ed  on  5 1 2  sa m p le  p o in ts , 

ea ch  sep ara ted  b y  0 .5  ร, th us y ie ld in g  in d iv id u a l record s o f  5 m in  du ration . T h e se  

record s w ere  s e le c te d  fo r  p o w e r  sp ec tru m  a n a ly s is . B e c a u se  th e  m ea n  v a lu e  in th e tim e  

d o m a in  se r ie s  p o s s e s s e s  n o  in tr in sic  o s c i l la t in g  p rop erties  and b e c a u se  o f  th e sm a ll 

v a r ia n ce  in R -R  in terva l, th e m ea n  v a lu e  fo r  th e  R -R  in terva l se r ie s  พ,aร rem o v ed . T h e  

p o w e r  sp ec tru m  o f  R -R  in terva l v a r ia b ility  w a s  u s in g  a fa st F ou rier  tran sform  (F F T ) 

and th en  ca lc u la te d  the p o w e r  in  th e fr e q u e n c y  b an d  o f  0 .0 4 - 0 .0 5  H z, to  d e term in e  lo w  

freq u e n cy  (L F ) p o w er , rep resen t sy m p a th e tic  and p a ra sy m p a th etic  a c tiv ity , w h ile  

0 .1 5  to  0 .4 0  H z, to  d e term in e  h ig h  fr e q u e n c y  (H F ) p o w er , a m ea su re  o f  

p a ra sy m p a th etic  m o d u la tio n  o f  s in u s  n o d e  d e p o la r iz a tio n .



46

4. Statistical analysis
S P S S  for  w in d o w  p rogram  w a s  u se d  for  ca lc u la tio n  in th is  stu d y . T h e  data  

w ere  e x p r e sse d  as m e a n s  and stand ard  d e v ia tio n  (S D ). C h a ra cter istics  o f  su b je c ts , H R , 

B P . W t, H t, and % fat and tim e  and freq u e n cy  d om ain  w ere  co m p a red  u s in g  o n e -w a y  

a n a ly s is  o f  v a r ia n ce  (A N O V A ) P o sth o c  test. A ll  v a lu e s  w ere  rep orted  s ig n if ic a n t ly  

d ifferen t at p < 0 .0 5  le v e ls .

5. Observational design

S u b je c ts  (ท= 6 0 )

E T A  (ท= 2 0 )  R T A  (ท= 2 0 )  s s  (ท= 2 0 )
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