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Chapter X 

INTRODUCTION

M etab o lic  and c a rd lo - re s p lra to ry  a d a p ta tio n s  to  p h y s ic a l 

tra in in g  have been e s ta b l is h e d  and documented. There I s  agreement 

th a t  th e  most n o ted  a d a p ta tio n s  w ith  t r a in in g  I s  an In c re ase  In 

ae ro b ic  power. By In c re a s in g  a e ro b ic  power one I s  ab le  to  perform  

g r e a te r  amounts o f work than b e fo re  t r a in in g .  I t  has a lso  been 

shown th a t  fo llo w in g  t r a in in g  submaximal work I s  perform ed more 

e f f i c i e n t l y .  In  o th e r  w ords, the  work I s  perform ed a l i t t l e  e a s i e r .  

T h is t r a in in g  response  I s  Im portan t n o t on ly  to  th e  a th l e t e ,  b u t to  

a l l  In d iv id u a ls  fo r  most of th e  work perform ed during  d a ily  l iv in g  I s  

perform ed a t  submaximal l e v e l .  D esp ite  th e  Im portance o f t h i s  In ­

fo rm atio n , few d a ta  a re  a v a ila b le  concern ing  th e  r e te n t io n  o f th e se  

p h y s io lo g ic a l v a r ia b le s  fo llow ing  t r a in in g .  Answers a re  needed to  

re so lv e  some q u e s tio n s  of p r a c t ic a l  s ig n i f ic a n c e  concerning the  type  

of m a in te n a n c e /d e tra in in g  program n e ce ssa ry  to  r e t a in  high  le v e ls  o f  

c a rd lo - re s p lr a to ry  f i t n e s s .

Much o f the  d a ta  o b ta in ed  on t r a in in g  and d e tra in in g  have 

d e a l t  p r im a r ily  w ith  th e  male organism . R e la tiv e ly  few d a ta  a re  

a v a ila b le  concern ing  th e  fem ales p h y s io lo g ic a l  resp o n se . Today as 

more and more women tak e  advantage o f o p p o r tu n it ie s  to  p a r t i c ip a te  

in  p h y s ic a l ly  demanding a c t i v i t i e s ,  e x e rc is e  p h y s io lo g is ts  must be
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prepared  to  a s s e s s ,  and e v a lu a te  th e  c a p a c ity  of th e  fem ale to  

perform  submaximal and maximal work.

With th e s e  tho u g h ts  in  m ind, th e  p re s e n t study  was designed  

to -d e te rm in e  1) th e  e f f e c t s  o f  an I n te r v a l  t r a in in g  program on o n e 's  

a b i l i t y  to  perform  submaximal work 2) what frequency o f d e tra in in g  

program i s  n ecessa ry  to  r e t a in  h igh  le v e ls  o f  f i tn e s s .

PURPOSE OF THE STUDY

The purpose o f  t h i s  s tudy  was to  determ ine the  c ir c u la to ry  

ad justm en ts o f young fe m a le s , f i r s t ,  to  t r a in in g  and se co n d ly , to  

th re e  d i f f e r e n t  f re q u e n c ie s  o f  d e tr a in in g .

DELIMITATIONS OF THE STUDY

1. E igh teen  h e a lth y  u n tra in e d  fem a le s , s tu d e n ts  aged 18- 

21 , from th e  p o p u la tio n  a t  The Ohio S ta te  U n iv e rs ity  served  as 

s u b je c ts .

2 . The t r a in in g  p e rio d  was o f  e ig h t  weeks d u ra t io n , th re e  

days a  week.

3 . The d e tr a in in g  p e rio d  was fo r  te n  weeks c o n s is t in g  of 

e i t h e r  tw o, o n e , o r  se ro  d e tra in in g  w orkou ts.

4 . T ra in in g  p ro to c o l  c o n s is te d  o f an equal number o f low , 

medium, and h igh  i n te n s i t y  work b o u ts .

STATEMENT OF THE PROBLEM

The In te n t io n  o f  t h i s  study  was to  determ ine c ir c u la to ry  

a d a p ta tio n s  m ain ta ined  by th re e  f re q u e n c ie s  o f  e x e rc is e  ( tw ic e .p e r
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week, once p e r  week, zero  p e r  week) subsequent to  an e ig h t  week 

I n t e r v a l  t r a in in g  program . Following th e  t r a in in g  program s u b je c ts  

were ass ig n ed  to  one o f th e  fo llow ing  th re e  g ro u p s, m atched on the

b a s is  o f  t h e i r  maximal a e ro b ic  power (max VO m l/kg  .- ra in ) .
2

Group 1 (G I). S ix  su b je c ts  con tinued  t r a in in g ,  once p e r 

week. S u b je c ts  perform ed e x a c tly  1/3 of th e  i n i t i a l  t r a in in g  

program . The in te n s i ty  and d u ra tio n  o f  th e  t r a in in g  s e s s io n s  

equaled  th a t  perform ed du ring  th e  f i n a l  week o f tra in in g *

Group I I  (G I I ) . S ix  s u b je c ts  con tinued  to  t r a i n ,  tw ice 

p e r  week. S u b je c ts  perform ed e x a c tly  2 /3  o f the  i n i t i a l  t r a in in g  

program . The in te n s i ty  and d u ra tio n  o f th e  t r a in in g  s e s s io n s  

equaled  th a t  perform ed du ring  the  f i n a l  week o f  t r a in in g .

Group I I I  (G U I) . Six s u b je c ts  ceased  t r a in in g  

com plete ly . Normal a c t i v i t y  p a t te rn s  were resum ed.

The fo llow ing  v a r ia b le s  were m easured b e fo re  and a f t e r  

t r a in in g  and ag a in  du ring  th e  f i f t h  and te n th  weeks o f  d e tr a in in g :

1 . Submaximal c a rd ia c  o u tp u t

2 . Submaximal VO
2

3 . Submaximal h e a r t  r a t e

4 . Submaximal s tro k e  volume

5 . Submaximal a r te r ia l-v e n o u s  d i f f e r e n c e .
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DEFINITIONS

PaCO : The p a r t i a l  p ressu re  o f  carbon d iox ide  In  
• #

a r t e r i a l  b lood. This va lve  I s  converted to  CO
2

con ten t (CaCO^) In volumes p e rc en t by use o f the  

d is so c ia tio n  curve fo r  a r t e r la l i z e d  blood assuming 

a normal and constan t 0^ con ten t of 97.5  p e rc e n t. 

PVCO^: The p a r t i a l  p ressu re  o f carbon dioxide In mixed 

venous blood.

CO R ebreathing: A nonlnvasive method o f determ ining
2

c a rd iac  ou tp u t.

In te rv a l  tra in in g  program: A system  o f cond ition ing  o r

tr a in in g , c o n sis tin g  of a s e r ie s  o f rcpeo ted  bouts 

o f e x e rc ise  a lte rn a te d  w ith  p e rio d s  o f r e l i e f  (48 ). 

D e tra in ing : A reduction  in  the  frequency of chronic

s t r e s s ,  ch arac te rized  by a decreased  re te n tio n  of 

p h y sio lo g ica l v a r ia b le s .

T ra in in g : An e ig h t week In te rv a l  program c o n s is tin g  of

h ig h , medium, and low In te n s i ty  work b o u ts , th re e  

days p e r  week.

*  *



C hapter I I  

REVIEW OF LITERATURE

INTRODUCTION

The review  o f l i t e r a t u r e  has been d iv id ed  In to  th re e  

s e c t io n s .  F i r s t ,  l i t e r a t u r e  concerning  th e  r a t io n a le  o f  CO  ̂ r e ­

b re a th in g  f o r  th e  assessm ent o f c a rd ia c  o u tp u t w i l l  be d isc u sse d . 

Second, a  b r i e f  summary concerning  th e  submaximal c i r c u la to ry  ad­

ju stm en ts  of fem ales to  t r a in in g ,  and t h i r d ,  l i t e r a t u r e  p re ta ln ln g  

to  th e  c a rd lo - re s p lra to ry  response  o f  in d iv id u a ls  to  d e tra in in g  

programs w i l l  be e v a lu a te d .

CO REBREATIIING ASSESSMENT — 2 ------------------------------------

The CÔ  re b re a th ln g  techn ique  i s  a  sim ple a d a p ta tio n  of the  

F ick  p r in c ip le .  T his p r in c ip le  s t a t e s  t h a t  th e  flow  o f  b lood  through 

an organ can be determ ined by m easuring th e  amount o f su b stan ce  re ­

moved b y , o r  added to  th e  organ p e r  m inute by d iv id in g  th e  change In 

co n ce n tra tio n  o f th e  su b stan ce  In  th e  b lo o d . U t i l iz in g  th e  F ick  

e q u a tio n , i f  th e  amount o f  GO removed from th e  b lood  p e r  m inute I s  

known along w ith  th e  c o n c e n tra tio n  d if fe re n c e s  r e s u l t in g  from t h i s  

rem oval, c a rd ia c  ou tpu t can be  c a lc u la te d  as fo llo w s:

CVCO -  CaCO 
2 2

5



J  •
Where Q » c a rd ia c  o u tp u t ( l l t e r s /m l n u t e ) , V00 « CO ou tpu t ( l i t e r s /  

__ 2 2
m in u te ) , CVCO * c o n c e n tra tio n  o f  CO In  mixed venous b lood (m l/

2 2
l i t e r s )  and CaCO ■ c o n c e n tra tio n  o f  CO In  a r t e r i a l  b lood (m l/

2 2
l i t e r s ) .

C h r is tia n se n  e t  a l .  (12) were th e  f i r s t  to  In troduce  th e

reb re a th ln g  method to  determ ine  c a rd ia c  o u tp u t. P r io r  to  th is

techn ique th e  d i r e c t  F ick  p rocedure  and S te w a r t 's  d y e -d llu tio n

method (56 , 57) were th e  on ly  tech n iq u es a v a i la b le .  Both o f  th ese

procedures re q u ire  c a th e te r iz a t io n  of v e in s  and a r t e r i e s ,  which

in tro d u c es  traum a and a n x ie ty  to  th e  s u b je c t  which may a l t e r

p h y s io lo g ic a l fu n c t io n s . A non lnvasive  techn ique  i s  advantageous

i f  i t  can be  proven v a l id  and re p ro d u c ib le .

C h r is t ia n s e n , D ouglas, and Haldane in  1914 (12) developed a

method fo r  de term in ing  venous CO  ̂ p re s su re  which became th e  b a s is

fo r  m o d ific a tio n s  by re s e a rc h e r s .  A f te r  a  maximal e x p ir a t io n ,  a

maximal b re a th  was in s p ir e d  from a bag o r  sp iro m ete r con ta in ing  a

m ix tu re  o f CO and a i r  o r  CO and 0 . The b re a th  was h e ld  f o r  f iv e  
2 2 2

seconds, a  l i t e r  was th en  ex p ired  and an a lv e o la r  gas sample tak en . 

A fte r  a few more se co n d s , an o th e r l i t e r  was ex p ire d  and an a lv e o la r  

sample ta k e n . O c c a s io n a lly , a  t h i r d  sample was taken  fo llow ing  

an o th e r fo u r to  f iv e  second i n t e r v a l .  When th e  CÔ  p re s su re s  were 

th e  same o r  n e a r ly  th e  same in  su c c e ss iv e  sam ples, a v e o la r  CÔ  

p re s su re  was assumed to  be in  e q u ilib riu m  w ith  t h a t  o f mixed venous 

b lo o d . One c r i t ic i s m  o f  t h i s  method was th a t  th e re  was inadequate
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n ix ing  v l th  only one r e s p i ra t io n .  Henderson and P rince  (34)

attem pted to  overcome some o f the  c r i t ic is m s  o f th e  nethod o f

C hristensen e t  a l .  by lowering the b re a th  holding t in e  thereby

reducing th e  chance of re c irc u la te d  b lood a ffe c tin g  th e  r e s u l t s .

The procedures described  thus f a r  have Involved b rea th
*

ho ld ing . Laurens (62) compared th e  r i s e  o f 00^ In  th e  lungs when

the b rea th  was h e ld  w ith  the  r i s e  when a i r  was reb reathed  w ithout

b rea th  h o ld ing . The r a te  o f In crease  was f a s te r  and the  f i n a l  value

h igher w ith  re b re a th in g . Laurens* work re p re se n ts  the  f i r s t  use o f

a reb reath ing  technique In  which th e  b re a th  was not h e ld .

One of the  assum ptions underly ing  a l l  CO methods I s  th a t
2

v ir tu a l ly  no p ressu re  g rad ie n t e x is ts  between aveo lar and a r t e r i a l

CO . Suskind e t  a l .  (59) concluded th a t  no s ig n i f ic a n t  PCO 
2 2

g rad ien t e x is ts  during e x e rc is e . At r e s t ,  th e  mean PCO  ̂ g rad ien t

was 0 .2  -  1.27 mm Hg. V est (64) found d iffe re n c e s  in  v e n t i l a t io n /

perfusion  r a t io s  in  d if f e r e n t  p a r ts  o f  th e  lung . The o v e ra l l  e f f e c t ,

he concluded was a p ressu re  g ra d ie n t of 1 so  Hg between a r t e r i a l  and

a lv e o la r CO..2
The method fo r  PVCÔ  de te rm ina tion  In  th is  study  I s  based

on the  theory  th a t  th e  PCO  ̂ In  b re a th  by b re a th  samples o f rebreathed

a i r  In creases  e x p o n en tia lly . D ubois, B r i t t ,  end Fenn (2 2 ) , ualng 

a rap id  In fra re d  an a ly ze r, p lo tte d  PCO  ̂ a g a in s t time f o r  the  f i r s t  

twenty seconds o f b rea th  h o ld in g . T h e ir  procedure Involved b rea th  

ho ld ing , a f t e r  a normal e x p ira tio n  f o r  p e rio d s  of f iv e ,  te n ,



f i f t e e n  and tw enty  seconds. Follow ing each p e r io d , th e  b re a th  was

ex p ired  and sam ples c o lle c te d  and an a ly zed . The POO v a lu e s  o f  th e se
2

sam ples follow ed a  lo g a rith m ic  curve whose asym ptote was oxygenated

venous POO . D efares ( IS ,  16, 17) showed th a t  th e  CO tim e course  
2 2

during  re b re a th ln g  Involved two e x p o n en tia l te rm s , one o f  which

becomes n e g lig ib le  a f t e r  the  f i r s t  r e s p i r a t io n .  D e fa re 's  work was
*

th e  beg inn ing  o f a new approach to  de te rm in ing  PVOO^. P rev ious

m ethods, as w e ll  as some more re c e n t  o n e s , re q u ire  e q u i l ib r a t io n  o f

a lv e o la r  and mixed venous PCO . D e fa re 's  (17) method does n o t
2

r e q u ire  e q u i l ib r a t io n .  He d isco v ered  th a t  th e  p o in t  where two

su c ce ss iv e  b re a th s  would y ie ld  th e  same PCO v a lu e s  (PCO of
2 2

oxygenated venous b lood) was determ ined w ith  th e  fo rm ula

a
P -

1 -  b

Where P -  PCO^ a t  e q u ilib r iu m , a  ■ s lo p e ,  and b -  y i n t e r c e p t .

J e m e r u s ,  Lundln and Thomson (35) used a  m o d if ic a tio n  o f

t h i s  m ethod. To determ ine PVCO , a  P vs P + 1 p lo t  o f  b re a th  by
2 n

b re a th  CÔ  c o n c e n tra tio n  was made. A second l in e  was draw n, which 

was e q u id is ta n t  a t  a l l  p o in ts  from th e  o rd in a te  and a b s c is s a .  T his 

l i n e  re p re se n te d  a l l  p o in ts  where th e  00^ c o n c e n tra tio n s  in  suc­

ceeding b re a th s  were the  same. By drawing a  s t r a i g h t  l i n e  through 

th e  p lo t te d  p o in ts  and e x tra p o la t in g  to  i n t e r s e c t  th e  second l i n e ,  

th e  e q u ilib riu m  p o in t between CO  ̂ p re s su re  i n  a lv e o la r  a i r  and in  

oxygenated mixed venous b lood  was d e te rm in ed . The PCO^ v a lu e  was
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determ ined by m u ltip ly ing  th e  CO concen tra tion  tim es barom etric
2

p ressu re  (“A7mmHg). The concen tra tion  of COj in  blood was ob tained  

from a standard  CÔ  d is so c ia tio n  curve. Cardiac ou tpu ts  were 

determ ined a t  r e s t  and during e x e rc is e .

Klausen (Al) fu r th e r  m odified the  method o f J c m e ru s ,

Lundln and Thomson (35 ). In  determ ining PVCO^t he p lo tte d  00^

concen tra tions of the  b rea th  by b rea th  samples a g a in s t tim e. A b e s t

f i t t i n g  curve was app lied  to  these  p o in ts .  CÔ  co n cen tra tio n s  f a l l in g

on th is  l in e  were taken a t  equal time In te rv a ls  and converted to  t h e i r

re sp e c tiv e  CÔ  p ressu re s  (PCO^). A second m od ifica tion  was th e  use

o f the  Bohr formula fo r  determ ining PaCO^. The use o f the  Bohr

form ula fo r  determ ining PaCO requ ired  an e stim ate  of su b je c ts
2

p h y sio lo g ic a l dead space . Assussen and N ielsen  (2) found th a t  the 

average p h y sio lo g ica l dead space o f t h e i r  su b je c ts  v a rie d  from 170 ml 

a t  r e s t  to  350 ml during work a t  a t i d a l  volume o f  3 .3  l i t e r s .  T h eir 

d a ta  have been used in  in v e s tig a tio n s  using th e  Bohr form ula. I f  

t i d a l  volume i s  la rg e , according to  these  au thors even a considerab le  

e r r o r  in  dead space e s tim atio n  w i l l  have l i t t l e  e f f e c t  on 

d e te rm ina tion .

Ferguson e t  a l .  (28) ob tained  good re p ro d u c ib il i ty  in  

e x e rc is e  card iac  ou tpu t determ inations using the  Bohr form ula and a  

dead space e stim ate  from Aamussen and N ie ls e n 's  d a ta  (2 ,3 ) fo r  

e s tim atin g  PaCO^. FVCÔ  was estim ated  by the method o f  D efares (15) 

using  th e  continuous sampling procedure o f J e m e ru s , Lundln and
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Thomson (35) and th e  g rap h ic a l a n a ly sis  described  by Klausen (A l). 

S tud ies by Je rn eru s  (3 5 ), Klausen (A l) , Asmussen and N ielsen (2 , 3 ) ,  

Mulesan (5 0 ), and Magel and Anderson (A6, A7), have shown th a t  the 

reb rea th ln g  technique I s  a v a lid  and rep ro d u c tib le  method fo r  the 

determ ination  o f c a rd iac  ou tpu t.

SUBMAXIMAL CIRCULATORY ADJUSTMENTS OF FEMALES TO TRAINING

S tud ies have shown th a t  tra in in g  may r e s u l t  In  an Increased  

( 3 , 23, 32, 60) * decreased ( 1 , AA) , o r  unchanged (AO, 5A) card iac  

ou tpu t during e x e rc is e . For example, Kllbom (AO) found no s ig n i f i ­

can t red u c tio n s In  0 , VO , and a-vO d iffe re n c e  a t  a given submaximal
2 2

workload In m iddle-aged women fo llow ing t r a in in g .  S a l t in  and o thers 

(5A) ob tained  s im ila r  r e s u l ts  on male s u b je c ts . Other s tu d ie s  ( 1 , 3 )  

have shown th a t  t r a in in g  r e s u l ts  In  decreased h e a r t  r a t e ,  w ith
*  *  w

Increases in  Q, VO , and a-vO d iffe re n c e  during e x e rc is e . S t i l l
2 2

• •
o th e rs  ( 5A ) have found th a t  Q and VÔ  a lso  decrease a t  a given 

le v e l  of submaximal e x e rc ise  a f t e r  t r a in in g .

Van Handel e t  a l .  (66) found a reduction  In Q and VO
2

a t  a given submaximal w orkload, w ith  an In crease  in  a-vtT d i f f .
2

Clausen and o th e rs  (13) suggest th i s  may be due to  a re d is tr ib u tio n

o f blood flow to  bo th  th e  nonworking areas and the  a c tiv e  muscles

a f t e r  t r a in in g .

Rowell (52) In d ica te d  th a t  a t  any given le v e l  o f oxygen

consumption, the  a-vO d i f f  depends upon the  percentage o f card iac
2

output going to  th e  working m uscles. That I s ,  I f  the  percentage
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perfusing  nonworking t is s u e s  i s  la r g e ,  th e  a-vO d i f f  w i l l  be sm a ll,
2

and v ice  v e rs a . S everal s tu d ie s  have shown th a t  blood flow to  the

, muscle is  s ig n if ic a n t ly  decreased w ith  t r a in in g  a t  the  same abso lu te

submaximal workload (48, 5 3 ). This lower blood flow i s  compensated

by e x tra c tio n  of more oxygen by th e  working muscles (48).

Cotes and Meade (14) suggested th a t  the  b radycard ia  seen

follow ing tra in in g  may be a sc rib ed  to  Increased  m echanical e f f ic ie n c y ,

re s u ltin g  in  a lower oxygen consunptlon a t  a given workload.

CARDIORESPIRATORY RESPONSES OF INDIVIDUALS TO DETRAINING PROGRAMS 

L ite ra tu re  concerning th e  e f f e c ts  of d e tra in in g  on the 

c a rd lo -re sp lra to ry  system during submaximal work i s  l im ite d . I t  

seems lo g ic a l  to  suspec t th a t  the  longer a  person a b s ta in s  from 

chronic e x erc ise  follow ing t r a in in g ,  th e  more the  decrease  in  ca rd lo - 

re s p lra to ry  fitn e ss*

In te r e s t  in  m aintenance o f f i tn e s s  o r  d e tra in in g  re su lte d  

from c l in ic a l  experience in  h o s p ita ls  w ith  so ld ie rs  during World 

War I I .  The f i r s t  In v e s tig a to rs  s tu d ied  t o t a l  bed r e s t  In  r e la t io n  to  

d e tra in in g  e f f e c ts .  They found s ig n i f ic a n t  decreases in  maximal VO^, 

blood volume, hemoglobin, and h e m a to c rit, in  as l i t t l e  as fo u rteen  

days o f confinem ent. No change was found in  re s t in g  c a rd iac  o u tp u t.

In  1972, Drlhkwater and Horvath published  (20) one of the 

few s tu d ie s  dealing  w ith  d e tra in in g  e f f e c ts  on women. They observed
a a

max VO , max V and oxygen p u lse  a f t e r  completing a trac k  season and
2 E
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th re e  months t h e r e a f t e r .  Seven g i r l s  ages 15-17 showed a decrease

from 47.8  m l/kg .-m ln  to  40.4 m l/kg .-m in  In  max VO , 77.5  l l t e r s /m ln
2

to  69.5 l l t e r s /m ln  In  maximum v e n t i l a t io n ,  and an oxygen p u lse  

d ecrease  from 12.7 m l/b e a t to  10.9 m l/b e a t . A s l i g h t  In c re a se  In  

maximaly h e a r t  r a te  f a i l e d  to  be s t a t i s t i c a l l y  s ig n i f i c a n t .  Blood 

p re s s u re , hem oglobin, h e m a to c r i t , and plasm a p ro te in  volumes 

remained th e  same. During th e  course  o f th e  w ork, h e a r t  r a t e ,  

v e n t i la to r y  volumes and oxygen up take  were a l l  s ig n i f ic a n t ly  h ig h e r  

in  the  d e tra in e d  s t a t e .

E vert (26) conducted a d e tra in in g  study  on seven fem ale 

tra c k  a th l e t e s ,  through a seven week p o s t  season  p e r io d . She found 

no s ig n i f ic a n t  changes in  v e n t i la to r y  volum es, oxygen up take  o r  

h e a r t  r a t e  a t  a  s ta n d a rd  w orkload. The a u th o r  a t t r ib u te d  th i s  lack  

o f change to  th e  s h o r t  p o s t - t r a in in g  p e rio d  and th e  r e l a t i v e ly  high 

a c t iv i t y  le v e l  o f  th e  g i r l s  even when they  w ere n o t a c t iv e ly  

t r a in in g .

S to n er (58) re p o r te d  th a t  In  a  tim e p e rio d  o f  two weeks 

subsequent to  a fo u r week t r a in in g  p e r io d , th e  only  change h is  

m iddle-aged s u b je c ts  dem onstrated  a f t e r  two weeks o f  d e tra in in g  was 

a re d u c tio n  In  c a rd io v a s c u la r  e f f ic ie n c y .

In  1974, F r ln g e r  and S tu l l  (31) re-exam ined th e  tim e course 

o f d e tra in in g  Im m ediately fo llow ing  th e  ten  week program o f two weekly 

maximal b ic y c le  r id e s .  In c re a se s  in  maximal oxygen consum ption,
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maximal v e n tila tio n *  h e a r t  ra te*  and t o t a l  work were noted  a t  the

conclusion o f th e  tra in in g  program. Twenty-two su b je c ts  r e te s te d
•

a f t e r  f iv e  weeks of d e tra in in g  d isp layed  a 35% re te n t io n  o f max VO^,

14% re te n tio n  of max V , 59% re te n tio n  o f  t o t a l  work cap ac ity  and an
E

increased  re s t in g  h e a r t  r a te .  An equal number o f su b je c ts  were

re te s te d  ten  weeks p o s t- tra in in g  and e x h ib ite d  a 43% re te n tio n  of

max V , w ith an Increased re s t in g  h e a r t  r a t e .  These d a ta  suggest the  
E

lo ss  o f tra in in g  e f f e c ts  as r e f le c te d  by th e  decreases  in  various

p h y sio lo g ica l v a r ia b le s .

Chaloupka (11) in v es tig a te d  th e  p h y s io lo g ic a l response of

e leven  male su b je c ts  to  two frequencies o f  m aintenance t r a in in g .  An

in te rv a l  tra in in g  program o f th re e  weekly se s s io n s  fo r  e ig h t  weeks
* •

e l i c i t e d  in c reases  in  max VO and max V . M aintenance programs of
2 E

once p e r week o r  once every two weeks produced red u c tio n s in  measured 

param eters . Maintenance ev a lu a tio n  a t  six*  twelve* and s ix te e n  weeks 

p o s t- t ra in in g  supp lied  valuab le  in fo rm ation  concerning th e  time course 

o f  r e te n tio n . At s ix  weeks the  two tim es p e r  week maintenance program 

re tu rned  to  p re - tra in in g  v a lu e s , however, th e  weekly group req u ired  

s ix te e n  weeks to  re tu rn  a l l  param eters to  i n i t i a l  l e v e ls .

Kendrick (36) in  1971 evaluated  tw enty-one seden tary  

m iddle-aged m ales. T rain ing  consis ted  o f  w alking and jogging* tw ice 

p e r  week. A ll su b je c ts  showed increased  c a rd lo - re s p lra to ry  e ff ic ie n c y  

as r e f le c te d  by h e a r t  r a te  and blood p re ssu re  measurements. Mainten­

ance p ro to co l Involved th ree  groups; Group A tr a in e d  le s s  than  one 

m ile  weekly* Group B tra in e d  between two and f iv e  m iles weekly* and
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Croup C covered more then  s ix  m iles weekly, fo r  a  t o t a l  o f tw elve 

w eeks. R e-evaluation a t  the  conclusion of th e  m aintenance program 

d isp layed  a  505! re te n tio n  of I n i t i a l  gains by both groups A and B, 

w h ile  group C showed an In crease  In c a rd lo -re sp lra to ry  e f f ic ie n c y .

Michael e t  a l .  (49) examined the p h y sio lo g ica l changes o f 

ten  teenage g i r l s  from a high school track  team during f iv e  months 

o f d e tra in in g . U ti l iz in g  a th ree  minute s te p  t e s t  and a t re a d m ill  

ru n , d e tra in in g  t e s t s  were adm inistered a t  one, th r e e ,  f iv e ,  seven , 

and tw en ty -th ree  weeks p o s t- tra in in g  to  in su re  time course p lo ts  of 

d e tra in in g . The h e a r t  r a te  response to  the  work Increased  s i g n i f i ­

c a n tly  by the  th ird  week of d e tra in in g . The h e a r t  r a te  response 

a t  a p a r t ic u la r  work load was Increased  during th e  d e tra in in g  p e rio d . 

The abso lu te  V0  ̂ did no t change w ith any work load .

Lewis (45) s tu d ied  seven su b je c ts  during th i r te e n  weeks of 

t r a in in g  and twenty-two weeks o f d e tra in in g . S ub jects were te s te d

a t  l i g h t ,  m oderate, and heavy work loads on a b ic y c le  ergom eter.
• •

Measurements fo r  VO , V , e x erc ise  h e a r t  r a t e ,  and recovery  h e a r t2 G
r a te  were ob ta ined . These d a ta  Ind ica ted  no change in  th e  submaximal 
•
VÔ  follow ing tra in in g  except fo r  an in c rease  a t  the  h e a v ie s t  work 

load  in d ic a tin g  a reduced capacity  to  perform a t  near maximal con­

d i t io n s .  E xercise  h e a r t  ra te s  were reduced during a l l  work loads 

a t  th e  conclusion of t r a in in g .  By th ir te e n  weeks o f d e tra in in g  th e  

h e a r t  r a te s  were equal to  p re - te s t in g  va lues.
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In  1969, Fardy (27) o b ta in ed  measurements on e lev en

co lleg e  so c c e r  p la y e rs  during  te n  veeks o f so c c e r  t r a in in g  and f iv e

veeks o f  d e tr a in in g .  S ig n if ic a n t  In c re a s e s  i n  max VO^, max and

work tim e were found a t  bo th  f iv e  and te n  weeks o f t r a in in g .  H eart

r a te  changes In  d e tra in in g  p a r a l le le d  m iles/w eeks of t r a in in g .  At

th e  co n clu sio n  o f  f iv e  weeks o f  d e tra in in g  a l l  o f  th e  in c re a s e s  had
*

re tu rn e d  back to  p re t r a in in g  v a lu e s .

W illiam s and Edwards (65) In  1971 e v a lu a te d  s e v e ra l  groups 

p a r t ic ip a t in g  I n  d a l ly  t r a in in g  s e s s io n s  fo r  f iv e  weeks fo llow ed by 

fou r veeks o f d e tr a in in g .  Perform ances in  The Ohio S ta te  U n iv e rs ity  

Step T e s t  and tw elve m inute run tim e d is c lo s e d  s ig n i f ic a n t  In c re a se s  

In  a l l  groups du ring  th e  p o s t t r a in in g  e v a lu a t io n . R e te s tin g  a t  th e  

conc lu sion  o f d e tr a in in g  rev e a le d  a s ig n i f i c a n t  decrease  from p o s t-  

t r a in in g  v a lu e s , y e t  r e te n t io n  was no ted  in  r e l a t i o n  to  p r e - t e s t in g  

perform ances. A tim e course f o r  m a in ta in in g  p h y s io lo g ic a l  param eters 

appears to  be In d ic a te d  by th e se  p reced in g  d a ta .

Case (10) examined n in e  m ale s u b je c ts  du ring  seven  weeks o f  

t r a in in g  and tw elve  veeks of d e tr a in in g  to  determ ine  th e  e f f e c t s  o f 

t r a in in g  frequency upon r e te n t io n  o f t r a in in g  e f f e c t s .  Hax VO  ̂

and p h y s ic a l work c a p a c ity  d isp la y e d  I n c r e a s e s , w h ile  e x e rc is e  h e a r t  

r a t e ,  recovery  h e a r t  r a t e ,  and one m ile  run  tim e d ecreases  s i g n i f i ­

c a n tly  I n  th e  p o s t  t r a in in g  e v a lu a t io n ,  r e g a rd le s s  o f two o r  fo u r 

day p e r  week t r a in in g  s e s s io n s .  A s ig n i f ic a n t  d ecrease  in  maximal 

oxygen consumption by e igh t-w eeks and a  com plete r e tu rn  to  p re ­



16

t r a in in g  values by the  conclusion  o f d e tra in in g  v e rc  found. A much 

more rap id  re tu rn  o f e x e rc ise  and recovery h e a r t  r a te  to  the p re ­

t r a in in g  le v e l  occurred  a t  four weeks d e tra in in g . The only 

param eter which f a i le d  to  e x h ib i t  a d e tra in in g  e f f e c t  was the  m ile 

perform ance tim e. C ase 's study showed a longer d e tra in in g  re te n tio n  

than th e  preced ing  au thors which may be a t t r ib u te d  In p a r t  to  the  

longer d u ra tio n  of th e  t r a in in g  program.

I t  I s  ev iden t th a t  r e la t iv e ly  few d a ta  a re  a v a ila b le  

concerning the  d e tra in in g  response of males and fem ales. Even le s s  

Inform ation  e x is ts  concerning the  time course of Im portant c a rd lo -  

r e s p lra to ry  v a r ia b le s  such as h e a r t  r a t e ,  c a rd iac  o u tp u t, s tro k e  

volume, and the  a-vO d if fe re n c e .



Chapter I I I  

METHODS AND PROCEDURES

SUBJECTS

E ighteen u n tra in ed  female s u b je c ts ,  ages 16-21, a t  The Ohio 

S ta te  U n iv e rs ity  vo lun teered  as s u b je c ts . A thorough screen ing  was 

performed to  e lim in a te  any su b je c ts  who were extrem ely p h y sica lly  

a c tiv e  o r  su f fe r in g  from 111-health* P r io r  to  the  commencement of 

th e  s tu d y , each s tu d en t was requ ired  to  complete a m edical exami­

n a tio n  conducted by U n iv e rs ity  Health Service o f The Ohio S ta te  

U n iv e rs ity . P hysica l c h a ra c te r is t ic s  a re  p resen ted  in  Table 1.

ORIENTATION

A ll te s t in g  was perfoim ed In  th e  Laboratory of Work 

Physiology. In  o rd er to  fa m lla r lz e  each su b je c t w ith th e  equipment 

used fo r  t e s t in g ,  an o r ie n ta t io n  program was dev ised . This program 

co n sis ted  o f a  minimum o f  two sess io n s in  the  lab o ra to ry  and 

involved p ra c t ic e  o f the  reb rea th ln g  technique as w e ll as p ra c tic in g  

walking on the  tre a d m il l .  At the  commencement of the  p re - te s t in g  

p e rio d  th e  su b je c ts  were a t  ease  w ith  the  reb rea th lng  apparatus and 

fam lla r w ith  the  procedures and equipment Involved In  th e  t e s t s .

17



T able 1 

PHYSICAL CHARACTERISTICS

SUBJECTS AGE YEAR HEIGHT CM. WEIGHT KG.

1 18 172.7 64 .2
2 18 172.7 6 8 .1
3 18 168.9 56 .8
4 18 158.8 55 .3
5 20 167.6 64.7
6 18 141.0 55 .3
7 19 143.5 6 9 .8
8 21 175.3 66 .5
9 20 177.8 62 .5

10 19 166.4 55.4
11 18 158.8 50.1
12 18 167.6 59 .5
13 19 172.7 5 6 .8
14 19 175.9 6 3 .8
IS 19 160.0 49.9
16 18 154.3 54.3
17 20 167.6 62 .3
18 18 171.5 66.1

X 18.8 165.2 60.1

+SD 0 .9 10.6 6 .1
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CONTROL GROUP

E igh t u n tra in ed  su b je c ts  se rved  as a  c o n tro l  g ro u p . T his 

group was ev a lu a ted  d u rin g  a  p rev ious s tu d y  by Lestnes, e t  a l .  (A3). 

The au th o rs  rev ea led  no s ig n i f ic a n t  change In  th e  m easured p aram eters

du ring  an e ig h t week in te r im . In  an e a r l i e r  s tu d y  perform ed a t  ou r 

la b o ra to ry , Lesmes e t  a l .  (AA) dem onstrated  r e l i a b i l i t y  o f  th e  00^ 

re b re a th ln g  procedure to  be r  -  0 .8 6 . C onsequently  a t t r i b u t i n g  any

m easured changes to  t r a in in g  and d e tra in in g  seems j u s t i f i a b l e .  

EXPERIMENTAL DESIGN

Phase one c o n s is te d  o f running  In  an I n te r v a l  t r a in in g  program , 

th re e  days p e r  week fo r  e ig h t  w eeks. Upon com pletion  o f th e  

t r a in in g  program su b je c ts  were a ssig n ed  to  one o f th re e  d e tr a in in g  

g roups, matched on the  b a s is  o f t h e i r  maximal oxygen consum ption 

(m l/k g .-m ln ). D e tra in in g  o r  phase I I  con tinued  f o r  te n  w eeks.

Experim ental Groups.

E ighteen s u b je c ts  p a r t ic ip a te d  in  a  two phase program

Number o f 
S u b jec ts

Frequency o f 
T ra in in g

Amount o f  
Work done

Group I 6 1 day p e r  week 1/3  o f  i n i t i a l  
t r a in in g

Group I I 6 2 days p e r  week 2 /3  o f  i n i t i a l  
t r a in in g

Group I I I 6 0  days p e r  week norm al a c t i v i t y
no t r a in in g
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A submaximal work perform ance t e s t  was performed on each 

su b je c t b e fo re  and a f t e r  t r a in in g ,  and during th e  f i f t h  and ten th  

week of d e tra in in g . The follow ing p h y s io lo g ic a l v a ria b le s  were 

assessed .

1 . Submaximal oxygen consumption expressed as l i t e r s  p e r 
minute

2 . Cardiac ou tpu t expressed as l i t e r s  p e r minute

3. Submaximal h e a r t  r a t e .

TRAINING

A ll tra in in g  se ss io n s  were conducted on a 220 yard  (201 m) 

Indoor tra c k  a t  the French F ie ld  House, The Ohio S ta te  U n iv e rs ity . 

P r io r  to  tra in in g  a l l  su b je c ts  were fam lla rize d  w ith  the tra c k  and 

tra in in g  p ro to co l to  be u t i l iz e d  throughout the  study . The g i r l s  

ran in  s h o r ts ,  t e e - s h i r t s ,  and a p a ir  o f running shoes to  help  

avoid ankle and foo t i n ju r i e s .  Warm-up e x e rc ise s  were encouraged 

p r io r  to running. A ll running tiroes were recorded throughout 

th e  tra in in g  and d e tra in in g  programs.

Examples o f th e  ty p ic a l  workouts perform ed during t r a in in g  

and d e tra in in g  are as fo llow s:

High in te n s i ty  6 X 201 m eters (1 :3)

Rest f iv e  (5) m inutes 7 X 101 m eters (1 :3 )

Medium in te n s i ty  3 X A0A m eters (1:2%)

Rest f iv e  (5) minutes 3 X 201 m eters (1:2%)

Low in te n s i ty  3 X 807 m eters (1 :2)

Rest f iv e  (5) m inutes 1 X 605 m eters
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The p a re n th e s is  fo llow ing th e  workout p re s c r ip tio n  

in d ic a te s  th e  w o rk -re lie f  ra tio *  The complete workout schedule fo r  

a l l  fo r ty - fo u r  workouts can be found in  the  Appendix. In te rp re tin g  

th e  p re s c r ip t io n  o f a workout Is  exp lained  in  the  follow ing example. 

In  th e  low in te n s i ty  workouts su b je c ts  were requ ired  to  run 807 

m e te rs , th re e  tim es. Between each r e p e t i t io n  each su b je c t was 

allowed a w o rk -re lie f  pe riod  o f (1 :2 ) . In  o th e r  words, fo r  every 

m inute o f work, two m inutes o f r e s t  were g iven . Upon completion of 

th e  s e t  (3 X 807 m) su b je c ts  were given an a d d itio n a l r e s t  pe riod  of 

f iv e  m inutes. Following th e  f iv e  m inute r e s t  p e rio d , one 605 m 

workout would be perform ed. In te rp re tio n s  o f the  o th e r  p re s c r ip tio n s  

a re  made In  th e  same manner. One m inute follow ing th e  com pletion of 

the  e n t i r e  workout a c a ro tid  pulse  count was ob ta ined . These values 

were obtained  to  m onitor the se v e r i ty  o f each tra in in g  s e s s io n .

EXPERIMENTAL EVALUATIONS

A ll su b je c ts  were evaluated  b e fo re  and a f t e r  tra in in g  and 

du ring  the  f i f t h  and te n th  weeks o f d e tra in in g . R e -te s t ev a lu a tio n s 

were performed in  an a ttem pt to  develop a time course fo r  changes in  

p h y s io lo g ic a l v a r ia b le s .

SUBMAXIMAL OXYGEN CONSUMPTION

S u b jec ts  were req u ired  to  walk on a tre a d m ill  4 »ph (0 X 

g rade) fo r  a  p e riod  o f  f iv e  m inutes. During the  fo u rth  and f i f t h  

m inutes an exp ired  gas sample was c o lle c te d . This sample was
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c o lle c te d  120 l i t e r  chain  compensated gasom eter (Warren E. C o l l in s ) .

A m eter s t i c k , a tta c h e d  to  th e  s id e  o f th e  gasom eter, in d ic a te d  th e  

amount o f  a i r  d isp lacem en t. I n i t i a l  and f i n a l  read ings were sub­

tr a c te d  and m u lt ip l ie d  by th e  conversion  f a c to r  o f 133.2 cc/ntm to  

o b ta in  gas volum es. The tem pera tu re  of th e  a i r  i n  th e  gasom eter was 

recorded  and used in  th e  gas volume c a lc u la t io n s .  Two l i t e r  rubber 

a l lq o u t  sam ple bags were used  to  t r a n s p o r t  th e  exp ired  gas to  th e  

a n a ly z e rs . Expired gas sam ples were analyzed fo r  CÔ  and 0^ w ith  a 

Beckman LB-2 and 0M-11 a n a ly z e rs , r e s p e c t iv e ly .  R eference gases fo r  

c a l ib r a t in g  th e  a n a ly z e rs  were v e r i f i e d  w ith  th e  Haldane a p p a ra tu s . 

H eart r a t e s  were recorded  du rin g  th e  l a s t  IS seconds of each one 

m inute p e rio d  by d i r e c t  le a d  e le c tro c a rd io g ra p h y .

CARDIAC OUTPUT

Im m ediately fo llow ing  c o l le c t io n  of ex p ired  a i r ,  th e

d e te rm in a tio n  o f  c a rd ia c  o u tp u t was o b ta in ed  by CO rc b re a th in g . The
2

re b re a th in g  techn ique  used in  t h i s  s tu d y  i s  an a d a p ta tio n  o f  th e

method d ev ised  by Dcf&res (1 7 ) . The experim en ta l se t-u p  o f th e

equipment i s  g ra p h ic a l ly  i l l u s t r a t e d  in  F igu re  1.

Between m inutes th re e  and f o u r ,  t i d a l  volume was e s t im a te d .

T h is was n e c e ssa ry  in  f ix in g  th e  volume o f  gas p laced  in  th e

re b re a th ln g  b ag . The t i d a l  volume p lu s  two l i t e r s  o f  100% oxygen was

then  p lac ed  in to  th e  re b re a th ln g  b ag . During th e  fo u rth  m inute o f

e x e rc is e  VO and t i d a l  volume was determ ined .
2
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MeCronome

LB-2 
p ick -up  head

V lta lo m ete r 
(9 l i t e r s )

ru b b er
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M outhpiece

S ub ject

LB-2 
CO. an a ly ze r

H ew lett Packard 
E le c tro  card lograph

Texas In strum en t B e c to w rlte r  
(re c o rd e r)

F ig u re  1 

R ebreath lng  A pparatus
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Following th e  f i f t h  minute o f e x e rc is e , the  s u b je c t was

In s tru c te d  to  exhale norm ally . Upon doing so , the  C o llin s  m odified

5 way valve was Immediately turned so  th a t  the s u b je c t 's  nex t In h a la ­
n t

t lo n  was from the reb rea th ln g  bag. The su b jec t then reb rea th ed  a t  a

constan t r a te  of 36 b rea th s  p e r minute u n t i l  a p la tea u  was reached

on th e  CO curve , g enera lly  f iv e  to  ten  seconds. An example of the  
2

c a lc u la tio n s  necessary  to  determ ine ca rd iac  ou tpu t are  contained  in  

the  Appendix. 00 ̂  concen tra tions were analyzed w ith  a Beckman LB-2 

an a ly ze r. Breath by b rea th  an a ly s is  o f C0^ was recorded by a Texas 

Instrum ent R ectow rlter. waB c a lcu la te d  from exp ired  a i r  using

th e  Bohr formula w ith  a dead space e s tim atio n  from t id a l  volume 

according to  the  d a ta  o f Asmussen and N ielsen (2 ) .

STATISTICAL EVALUATION

A two fa c to r  (3 X 4) model o f  a n a ly sis  o f v a rian ce  fo r  

repeated  observations on th e  same su b je c t was u t i l i z e d  f o r  compar­

iso n  of r e - t e s t  groups and in te r a c t io n .  When s ig n i f ic a n t  F r a t io s  

were d iscovered , a  Tukey m u ltip le  range t e s t  was employed to  

determ ine the  lo ca tio n  of s t a t i s t i c a l  s ig n if ic a n c e .



C hapter IV 

RESULTS AND ANALYSIS OF THE DATA

The purpose o f th is  s tudy  was to  determ ine th e  c i r c u la to ry  

ad justm ents of c o lle g e  age fem ales to  two d i s t i n c t  phases o f t r a in in g .  

During phase I ,  c a rd io v a sc u la r  a d a p ta tio n s  to  an e ig h t  week in t e r v a l  

t r a in in g  program w ere e v a lu a te d . Subsequent t o  t r a in in g ,  a  te n  week 

d e tra in in g  program was implemented to  dete rm ine  the  response  o f th e  

c a rd lo - re s p lr a to ry  system  to  th re e  d i f f e r e n t  fre q u e n c ie s  o f 

d e tr a in in g .

STATISTICAL EVALUATION

A two f a c to r  (3 X A) model o f  a n a ly s is  of v a ria n c e  fo r  

rep ea ted  o b se rv a tio n s  on the  same s u b je c t  was u t i l i z e d  f o r  compar­

iso n  o f r e t e s t  groups and In te ra c tio n *  When s i g n i f i c a n t  F r a t i o s  

w ere d isco v e red , a  Tukey m u ltip le  range t e s t  was employed to  

determ ine the lo c a t io n  o f  s t a t i s t i c a l  s ig n i f ic a n c e .

A ll o f  th e  fo llow ing param eters were te s te d  f o r  s t a t i s t i c a l  

s ig n if ic a n c e  a t  th e  0 .0 5  le v e l  o f  con fidence .

A. Submaximal oxygen consumption ( l l t e r s /m ln )  .

B. Submaximal oxygen consumption (m l/k g .-m ln ) .

C. Submaximal c a rd ia c  o u tp u t ( l l t e r s /m l n ) .

D. Submaximal h e a r t  r a t e  (bpm) .

E. Submaximal s tro k e  volume (m is ) .

25
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F . Submaximal a-vO^ d iffe ren c e  (ml/100 ml) •

G. T o ta l body w eight (k g ).

Mean c irc u la to ry  changes during tra in in g  and d e tra in in g  

a re  shown in  Tables 2 and 3.

SUBMAXIMAL OXYGEN CONSUMPTION

No s ig n if ic a n t  change occurred In submaximal oxygen 

consumption expressed as e i th e r  l l te r s /m ln  or m l/k g .-o in  follow ing 

tra in in g  and during d e tra in in g . These d a ta  appear In  F igure 2 .

HEART RATE

A s ig n if ic a n t  b radycard ia  occurred fo llow ing t r a in in g .

Kean h e a r t  r a te  dropped from 147 bpm to  133 bpmt rep re se n tin g  a  10.22 

decrease . This value remained re la t iv e ly  unchanged throughout the 

d e tra in in g  program. I t  i s  in te re s tin g  to  note th a t  th e  mean h e a r t  

r a te  during th e  ten th  week of d e tra in in g  (130 bpm) I s  s ig n i f ic a n t ly  

lower than th e  I n i t i a l  p re - tra in in g  v a lu e . A nalysis o f  va riance  

In d ica ted  s ig n if ic a n t  d iffe ren ces  among mean group v a lu e s . T his 

d iffe re n c e  i s  ev iden t when comparing th e  mean h e a r t  r a t e  fo r  Group I I  

(129 bpm) w ith  Group I  (140 bpm) and Group I I I  (140 bpm). S t a t i s t i c a l  

s ig n if ic a n c e  d id  no t occur w ith  In te ra c t io n , th e re fo re ,  no d iffe re n c e s  

in  h e a r t  r a te  were found among groups o r  t r i a l s .  These r e s u l t s  a re  

g rap h ic a lly  rep resen ted  in  Figure 3.
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Table 2

CIRCULATORY CHARGES DURING TRAINING

PRE POST

VO ( l l te r s /m ln ) 1.278 x 0.17 GI 1.212  x 0.14
2 1.424 r 0 .28 GII 1.321 J 0 .08

1.333 - 0.14 G U I 1.318 - 0.22

C ardiac ou tpu t ( l l te r s /m ln ) 15.56 I 3.09 GI 13.94 J 0 .6 8
13.33 x 2.49 GII 11.76 J 1.43
14.44 - 3.24 G U I 11.23 - 1.55

Stroke volume (mis) 105.98 J 16.90 GI 86.66  x 4.13
97.08 x 21.23 GII 88.60 J 9 .58
94.54 - 20.76 G U I 86.81 - 4 .26

H eart r a te  (bpm) 147.30 J 15.0 GI 138.0 t 8.50
139.00 J 18.3 GII 131.5 J 11.50
153.30 - 13.3 G III 129.2 - 16.60

a-vb ( d l f f .  m is/ 100 mis) 8.44 J 1.83 GI 10.15 i 1.202 11.12  J 3.39 GII 11.41 x 2.09
9 .63  - 2.50 G III 11.76 - 1.05

Values are  mean -SD
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T able  3

CIRCULATORY CHANGES DURING DETRAINING

F i f th  Week Tenth Week

VO ( l l te r s /m ln )  
2

C ardiac ou tpu t ( l i t e r s /m in )

S troke volume (mis)

H eart r a t e  (bpm)

a-vOH d l f f .  (m is /100  ml) 
2

1.144 + 0.186 GI 1.192 + 0.170
1.305 + 0.159 G II 1.234 + 0.159
1.263 + 0.172 G III 1.245 + 0.113

12.28 +
*■»
a 1.230 GI 11.97 +

■ 1.230
11.08 + 0.392 GII 10.71 + 0.665
11.89 + 1.470 G III 11.54 + 0.773

89.20 + 6.690 GI 86.48 + 6 .57
89.30 + 7.430 G II 90.05 + 9 .14
84.48 + 7.840 G III 88.54 + 6 .0 8

138.0 + 17.00 GI 139.0 +
■ 17.20

125.0 + 7 .6 8 GII 119.0 +
■ 5 .53

141.0 + 17.40 G III 131.0 Hr 12.70

9 .49 + 1.83 GI 11.91 +
■ 1.23

11.83 + 1.79 G II 10.71 + 0 .6 6
10.67 + 1.95 G III 11.53 + 0 .7 7

Values a re  mean *SD.
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STROKE VOLUME

T rain ing  produced a s ig n i f ic a n t  decrease in  s tro k e  volume. 

Hean va lues dropped from 99.2 mis a t  the beginning of. t r a in in g  to  

86.8  mis a t  th e  end of t r a in in g .  This re p re se n ts  a 12.52 d ecrease . 

Although the  mean s tro k e  volume i s  r e la t iv e ly  unchanged, throughout 

the  t r i a l s  o f d e tra in in g , 87.9 mis ( f i f t h  week) and 88.3 mis ( ten th  

w eek), both a re  s ig n if ic a n t ly  lower when compared to  the  i n i t i a l  

mean p re - t r a in in g  v a lu e . A nalysis o f v ariance  demonstrated no s ig n i f i ­

cant d if fe re n c e s  among groups o r In te ra c tio n *  See Figure 4 .

CARDIAC OUTPUT

T rain ing  produced a s ig n i f ic a n t  decrease in  s tro k e  volume 

and h e a r t  r a t e .  T herefo re , i t  i s  n o t su rp r is in g  to  see a 19.42 

decrease  in  c a rd ia c  output fo llow ing t r a in in g .  Mean c a rd iac  ou tpu t 

a t  p re - tr a in in g  was 14.45 l l te r s /m ln  as compared to  11*65 l l te r s /m in  

p o s t - t r a in in g .  During the  f i f t h  and ten th  week o f d e tra in in g  th e  mean 

c a rd iac  ou tpu ts were 11.79 l l te r s /m ln  and 11.40 l l te rs /m in  re sp e c t­

iv e ly . These values a re  s ig n i f ic a n t ly  lower than  the i n i t i a l  p re -  

t r a in in g  value o f  14.45 l l te r s /m in .  A nalysis o f variance  dem onstrated 

no s t a t i s t i c a l  s ig n if ic a n c e  among groups o r  In te ra c t io n . These 

r e s u l ts  a re  g ra p h ic a lly  rep resen ted  in  F igure 5 .

ARTERIAL <- VENOUS OXYGEN DIFFERENCE

A nalysis o f  variance  fo r  th is  v a r ia b le  Ind ica ted  no 

s t a t i s t i c a l  d iffe re n c e s  in  e i th e r  t r i a l s  o r  in te r a c t io n . Although
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th e re  was a  s l i g h t  In c re a se  In  the mean a-vO^ d if fe re n c e  fo llow ing  

t r a in in g ,  (9 .72  m is /100 mis as compared to  11.10 m is /100 m is) t h i s  

In c re a se  was n o t s t a t i s t i c a l  d i f f e r e n t .  I t  i s  in te r e s t in g  to  n o te , 

however, th a t  mean d if fe re n c e s  were s ig n i f i c a n t  among g roups. The 

mean awv^  d if fe re n c e  f o r  Groups I ,  I I ,  and I I I  was 10 .03 , 11 .46 , and 

10.90 re s p e c t iv e ly . Group I I  was s ig n i f i c a n t ly  g r e a te r  than  Group I .  

Group I I* s  mean change was 12.551 h ig h e r  than  Croup I .  No s ig n i f i c a n t  

d if fe re n c e s  were found between Group I I  and Group I I I .  See F igu re  6 .

TOTAL BODY WEIGHT

T o ta l body w eight d id  n o t s ig n i f ic a n t ly  change th roughou t 

th e  t r a in in g  and d e tra in in g  program.
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Chapter V 

DISCUSSION

The d isc u ss io n  w i l l  be broken down in to  two s e c t io n s . 

Section one w i l l  deal w ith  the  c irc u la to ry  ad ap ta tio n s  which occurred 

during th e  e ig h t weeks o f t r a in in g .  S ection  two w i l l  focus on how 

these  adap ta tions were a l te re d  w ith in  the  ten  week d e tra in in g  program.

CIRCULATORY ADAPTATIONS TO TRAINING

SUBMAXIMAL OXYGEN CONSUMPTION (submax VO )  2

I r re s p e c tiv e  o f u n i ts  (m l/k g .-n ln  o r  l l t e r s /m ln ) ,  sub-

maximal oxygen consumption d id  no t change w ith t r a in in g .  S tud ies

(18 , 40, 4 4 , 54) performed on both  male and female su b je c ts  have

repo rted  s im ila r  r e s u l t s .  S t i l l  o th e r s ,  (2 3 , 29) have noted a

decrease in  submax VO.. This decrease  i s  a t t r ib u ta b le  to  an in creased
2

m echanical e f f ic ie n c y . Perhaps th i s  phenomenon i s  b e s t  observed w hile  

tra in in g  on a  b ic y c le  ergom eter where su b je c ts  le a rn  to  become more 

e f f i c ie n t  w ith r id in g .
*

Although the  ab so lu te  submax VO d id  no t change w ith
2

t r a in in g ,  maximal oxygen consunptlon was in c reased  by twenty pe rcen t 

(5 1 ), T h ere fo re , the  percen tage of max V0^ u t i l i s e d  during th is  

submaximal work task  was decreased .

36
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SUBMAXIMAL HEART RATE (sub in ax HR)

Submaximal h e a r t  r a t e  dropped s ig n i f ic a n t ly  w ith  t r a in in g .

A mean decrease  o f  bpm was e v id e n t in  th e  p re s e n t  s tu d y . P rev ious

in v e s t ig a to r s  (23 , 29 , 30 , 40 , 55) have co n sid ered  t h i s  v a r ia b le  to

be th e  m ost pronounced and c o n s is te n t  change du ring  submaximal

e x e rc is e  fo llow ing  t r a in in g .

Since no changes were found in  submax VO , one can ru le  out
2

th a t  an improved m echan ica l e f f ic ie n c y  p layed  a m ajor ro le  In  th e  

re d u c tio n  o f submax 11R. The mechanism fo r  a t r a in in g  b ra d y c a rd ia  has 

been d esc rib ed  by F r ic k  e t  a l .  (30) as a  d ec rea se  in  sy m p a th e tic  d r iv e .  

T his d ecrease  can be due t o , an in c re a s e  in  s tro k e  volume reducing  

sym pathe tic  d r iv e ,  few er a f f e r e n t  Im pulses a r i s in g  from th e  t r a in e d  

m u sc les , o r  descending im pulses from th e  m otor c o r te x . R egard less of 

th e  mechanism, l e s s  submaximal c i r c u la to ry  s t r e s s  i s  o f an Im portan t 

and p r a c t ic a l  b e n e f i t  to  th e  t ra in e d  in d iv id u a l .

SUBMAXIMAL STROKE VOLUME (submax SV)

A s ig n i f i c a n t  d ecrease  o f  12.4 mis was found in  submaximal

s tro k e  volume w ith  t r a in in g .  T h is f in d in g  i s  s u rp r is in g  s in c e  i t  has

been shown th a t  t r a in in g  In c re a s e s  s tro k e  volume du ring  submaximal

e x e rc is e  a t  a  g iven  work load  (2 9 , 30 , 40 , 5 5 ) . Perhaps t h i s  d ecrease

can be a t t r ib u te d  to  th e  f a c t  t h a t  th e  s u b je c ts  were a l l  working a t

approxim ately  36X o f t h e i r  maximal V0 . A strand (6) has shown th a t
2

maximal s tro k e  volume occu rs a t  approxim ately  40% of o n e 's  maximal V0 .
2
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Andrew e t  a l .  (1) examined e ig h t  s u b je c ts  a t  fo u r  d i f f e r e n t  

submaximal w orkloads (350, 550, 750, and 900 kpm), and found no s i g n l f l  

c an t change In  submaximal s tro k e  volume.

Lesmes e t  a l .  (44) , who u t i l i z e d  s u b je c ts  comparable to  

th o se  In  th e  p re s e n t  s tu d y , o b ta in ed  s im i la r  d e c rea se s  In  submaximal 

s tro k e  volume fo llow ing  t r a in in g .  The ex ac t mechanism as to  why t h i s  

o ccu rred  I s  no t Im m ediately a p p a ren t. I t  a p p e a rs , however, th a t  more 

re se a rc h  I s  needed In  reg a rd s  to  how submaximal s tro k e  volume I s  

a l t e r e d  fo llow ing  t r a in in g .

SUBMAXIMAL CARDIAC OUTPUT (subm ax Q)

S tu d ies  have shown th a t  t r a in in g  may r e s u l t  in  on In c re a se d ,

( 2 , 23 , 32, 60 ) d e c re a se d , ( 44,54  ) o r  unchanged, ( 40, 55 )

c a rd ia c  o u tp u t during  submaximal e x e rc is e .  For exam ple, Kllbom (40)

found no s ig n i f ic a n t  re d u c tio n s  in  0 ,  VO , and a-vO d l f f .  a t  a  g iven
2 2

submaximal w orkload In  m iddle-aged women fo llow ing  t r a in in g .  S a l t ln  

and o th e rs  (54) o b ta in ed  s im i la r  r e s u l t s  w ith  male s u b je c ts .  O ther 

s tu d ie s  ( 2 , 60 ) have shown th a t  t r a in in g  r e s u l t s  In  a decreased  

h e a r t  r a t e ,  b u t In c reased  Q, VO^, and a-vO^ d l f f .  during  m oderate 

w ork. S t i l l  o th e rs  (1 3 , 54) have found th a t  $ and $0^ d ecrease  a t  a

g iven  le v e l  o f  submaximal e x e rc is e  a f t e r  t r a in in g .

S ince h e a r t  r a t e  and s tro k e  volume were s ig n i f ic a n t ly  

decreased  w ith  t r a in in g  In  t h i s  s tu d y , i t  I s  n o t s u rp r is in g  th a t  

submax Q (HR X SV) a ls o  decreased  s ig n i f i c a n t l y .  Mean submax Q 

dropped from 14.45 l l t e r s /m ln  a t  th e  beg inn ing  o f  t r a in in g  to
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11.65 l l te r s /m ln  a t  th e  end of t r a in in g . These r e s u l ts  compare w ith 

those o f Lesmes e t  a l .  (44) who d id  a s im ila r  tra in in g  study on 

fem ales o f comparable ages.

SUBMAXIMAL ARTERIAL -  VENOUS OXYGEN DIFFERENCE (submax a-VO d l f f . )2

Although th e re  was a s l ig h t  Increase  In  the mean *~v°2

d iffe re n c e  (9.72 mls/100 ml to  11.11 mls/100 ml) follow ing t r a in in g ,

th is  d iffe re n c e  was no t s ig n i f ic a n t .

T rain ing  leads to  a la rg e r  a-vO d l f f .  In  young men (2 ,2 3 ).
2

This Increase  I s  ch a rac te rized  by a g re a te r  e x tra c tio n  o f oxygen 

per se  by thn s k e le ta l  muscles (53) and /or a r e d is tr ib u t io n  of blood 

flow. R e d is tr ib u tio n  o f blood flow occurs from areas of low e x tra c t­

ion  such as the  sp lanchn ic  bed to  areas of “high e x tra c tio n  such as
s

the working s k e le ta l  m uscles.

The p resen t d a ta  and those o f Kllbom (40) In  young women

found no s ig n if ic a n t  Increases In  the a-vO d l f f .  fo llow ing tr a in in g .
2

The reason fo r  th is  i s  no t known.

CIRCULATORY ADAPTATIONS TO DETRAINING 

When an a th le te ,  male o r fem ale, begins to  c u r t a i l  o n e 's  

t r a in in g  a c t i v i t i e s ,  one reg resses In to  a s t a te  o f d e tra in in g . The 

e n t i r e  p a tte rn  o f  p h y sio lo g ica l change during d e tra in in g  I s  le s s  

understood, in  e i th e r  males and fem ales, than i s  th e  p a tte rn  o f 

increased  p h y sio lo g ica l e ffic ien cy *  Few In v e s tig a to rs  have s tu d ied  

d e tra in in g  responses to  work t e s t s ,  and th e i r  e f f o r t s  have sim ply
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been concerned w ith measuring the  a th le te s  fo llow ing an In te rv a l  o f  

tim e to  see what f i tn e s s  lo sse s  have occu rred . Submaximal measurements 

of card iac  o u tp u t, s tro k e  volume, and the  *“^ 2  ^ l f f .  In  females f o l ­

lowing an In te rv a l  tra in in g  program has no t been eva lua ted  by anyone.

SUBMAXIMAL OXYGEN CONSUMPTION (submax VO.)  2

Submaximal oxygen consumption was no t s ig n i f ic a n t ly  a lte re d  

throughout the  ten  week d e tra in in g  program. O ther s tu d ie s  on males 

and fem ales ( 26, 45 ) have dem onstrated s im ila r  r e s u l t s .  However,

In  a study on seven g i r l s ,  ages 15-17, Drlnkwater e t  a l .  (20) found 

s ig n if ic a n t  in c reases  In  submaximal oxygen consumption fo llow ­

ing  tr a in in g .  In  the p re sen t s tu d y , d e tra in in g  was eva lua ted  w ith ­

in  a ten  week p e rio d , w hereas, the d e tra in in g  period  evaluated  by 

Drlnkwater was th ree  months follow ing the  g i r l s  tra c k  season . This 

could account fo r  th e  d isc repancies found w ith in  th ese  d a ta .

SUBMAXIMAL HEART RATE (submax HR)

D etrain ing  appears to  have a s ig n i f ic a n t  e f f e c t  upon both  

re s t in g  and e x e rc ise  h e a r t  r a te .  F rln g er and S tu l l  (31) noted a 

s ig n i f ic a n t  Increase  In  r e s t in g  h e a r t  r a te  w ith in  a ten  week de­

tra in in g  p e rio d . Other In v e s tig a to rs  ( 20, 27, 36, 45 , 49 , 58 ) have 

shown s ig n if ic a n t  In creases  in  submaximal h e a r t  r a t e  In  th e  d e tra in e d  

s t a te  when compared to  th e i r  p o st tra in in g  v a lu e s . I t  appears by 

these  d a ta  th a t  the  h igher le v e ls  of ca rd io v ascu la r e f f ic ie n c y  which 

a re  obtained through tra in in g  a re  lo s t  upon th e  c e ssa tio n  of t r a in in g .
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In  th e  p re s e n t  stu d y  submaximal h e a r t  r a t e  was Independent 

o f d e tra in in g  frequency* There w as, how ever, a  g e n e ra l tre n d  fo r  

submaximal h e a r t  r a t e  to  d ecrease  w ith  Group I I ,  who con tinued  to  

t r a i n  two days p e r  week. At th e  end o f th e  d e tra in in g  program  

Group I I ' s  h e a r t  r a t e  was 119 as compared to  v a lu e s  o f 139 and 131 

f o r  Groups I  and I I I  r e s p e c t iv e ly .  These f in d in g s  a re  c o n s is te n t  

w ith  th o se  o f Fardy (27) which dem onstrated  t h a t  h e a r t  r a t e  changes 

in  d e tra in in g  p a r a l le le d  m ile s  p e r  week o f tra in in g *

SUBMAXIMAL STROKE VOLUME (submax SV)

Submaximal s tro k e  volume rem ained u n a lte re d  w ith in  th e  ten  

week d e tra in in g  program . Frequency o f d e tra in in g  appeared to  have 

l i t t l e  o r  no e f f e c t  upon t h i s  v a r ia b le .  S ince no d a ta  a re  a v a i la b le  

to  suppo rt o r  r e f u te  th e se  f in d in g s ,  i t  appears th a t  submaximal s tro k e  

volume w i l l  n o t change w ith in  a  te n  week p e rio d  fo llo w in g  t r a in in g .

SUBMAXIMAL CARDIAC OUTPUT (submax Q)

Frequency o f  d e tra in in g  d id  n o t e f f e c t  th e  submaximal 

c a rd ia c  o u tp u t. Mean v a lu e s  th roughou t t h i s  p e rio d  (11 .79  l l t e r s / m l n ,

11 .AO l l t e r s /m ln )  were n o t s ig n i f i c a n t ly  d i f f e r e n t .  S ince  b o th  s tro k e  

volume and h e a r t  r a t e  rem ained unchanged w ith in  th e  te n  week s e s s io n ,  

i t  I s  no t s u rp r is in g  to  f in d  th a t  submax Q a ls o  rem ained unchanged. 

Perhaps changes in  t h i s  v a r ia b le  would have been found i f  a  la r g e r  

number o f s u b je c ts  had been u t i l i z e d  w ith in  each group .
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SUBMAXIMAL ARTERIAL - VENOUS OXYGEN DIFFERENCE (submax a-vO )   2

Since no s t a t i s t i c a l  d iffe re n c e s  were found among t r i a l s  

o r  in te r a c t io n , i t  appears th a t  the  submax a-vO^ d l f f .  Is  u n a lte re d  

w ith in  a ten  week d e tra in in g  p e rio d . I t  I s  a ls o  Independent o f  

d e tra in in g  frequency. There was a  s ig n i f ic a n t  F r a t io  found among

groups. Group I I  was s ig n i f ic a n t ly  h ig h e r than Group I .  However,
*

when analyzing th i s  mean d if fe re n c e , i t  appears th a t  Group I  s ta r te d  

the  I n i t i a l  tr a in in g  program w ith  a lower mean a-vO^ d l f f .  and i t  

continued to  remain as such throughout the  e n t i r e  e ig h teen  week 

p e rio d . I t  may be concluded th a t  a  ten  week program of th re e  d i s t in c t  

frequencies w i l l  have l i t t l e  o r  no e f f e c t  upon submaximal a r t e r i a l -  

venous oxygen d if fe re n c e .



Chapter VI 

SUMMARY AND CONCLUSIONS

*

The purpose of th is  study  was to  determ ine the c irc u la to ry  

responses of co lleg e  age females to  two d i s t in c t  phases of t r a in in g . 

Phase I  examined what ad ap ta tio n s would be e l i c i t e d  by an e ig h t week 

tra in in g  program of th ree  days p e r week; Phase I I  co n sis ted  o f a ten  

week d e tra in in g  p e rio d . Three d i f f e r e n t  frequencies of d e tra in in g  

were evaluated  In o rder to  understand what e f f e c ts  I t  would have on 

th e  c a rd lo - re sp lra to ry  system .

Eighteen h e a lth y , u n tra in e d , fem ale u n iv e rs ity  s tu d e n ts  

vo lun teered  fo r  th is  e igh teen  week s tu d y . The f i r s t  p a r t  of the  study 

co n sis ted  of an e ig h t week In te rv a l  t r a in in g  program, th ree  days per 

week. At the conclusion  of th e  t r a in in g  program su b je c ts  were assigned  

to  one o f th ree  groups based on maximal oxygen consumption (m l/kg .-  

tn ln). Croup I  continued to  t r a in  once p e r  week, Group I I  tra in e d  

tw ice p e r week, and Group I I I  ceased tra in in g  fo r  the e n t i r e  ten  weeks.

C ircu la to ry  ev a lu a tio n s  In  th e  form of a submaximal tre a d ­

m il l  walk were adm inistered  a t  weeks z e ro , e ig h t ,  th i r te e n  and e ig h t­

een . The repeated  measurements were designed to  provide a  tim e course 

fo r  any p o ss ib le  changes. S p e c if ic  d e ta i l s  concerning the  t e s t s  and 

procedures can be found in  Chapter I I I .
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T rain ing  provided  a p ro g ressiv e  In crease  In  d is tan c e  and 

In te n s ity  w ith in  an in te r v a l  tra in in g  form at. S ub jec ts  covered 

d is ta n c e s  from 110 yards to  880 yards in  a  s in g le  r e p e t i t io n .  Various 

coobinatlons o f r e p e t i t io n s  provided t o t a l  d is tan c e  workouts from 990 

to  3300 y a rd s . A ll workouts were conducted on Monday, Wednesday and 

F riday . The exac t t r a in in g  schedule o f workouts may be found In the 

Appendix.

The workouts performed during d e tra in in g  were d i f f e r e n t  fo r  

each group. Group I I I  ceased tra in in g  com pletely , thus re tu rn in g  to  

normal a c t iv i ty  p a t te r n s .  Group I I  tra in e d  on Monday and Wednesday 

o f each week, and completed a l l  o f  the  twenty workouts described  in  

the  Appendix. Group I  p a r t ic ip a te d  In only ten  d e tra in in g  w orkouts, 

equaling  e x a c tly  h a lf  o f the  work performed by Group I I .  D etra in ing  

se ss io n s  equaled b u t never exceeded th e  In te n s ity  o r  d u ra tio n  of the 

workouts performed during the l a s t  week of t r a in in g .  Based on th is  

prem ise we can assume th a t  frequency of d e tra in in g  was the only 

m anipulated v a ria b le  throughout the  ten  week program.

S t a t i s t i c a l  e v a lu a tio n  of the d a ta  was performed subsequent 

to  the  e ig h teen  week tra ln ln g -d e tra ln ln g  program. A two fa c to r  (3 X 4) 

model o f a n a ly s is  o f va riance  fo r  repeated  observa tions on th e  same 

su b je c t was u t i l i z e d  fo r  comparisons o f r e t e s t s ,  groups and in te r - ' 

a c tio n . When s t a t i s t i c a l l y  s ig n i f ic a n t  F r a t io s  were d iscovered , a 

Tukey m u ltip le  range t e s t  was employed to  determ ine the  lo c a tio n  of 

s t a t i s t i c a l  v a r ia t io n .
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OONCLPSIONS

W ithin  th e  l im i ta t io n s  o f th i s  in v e s t ig a t io n  th e  fo llow ing  

conclu sions appear j u s t i f i e d :
r

1. An e ig h t  week In te r v a l  t r a in in g  program w i l l  produce no 

s ig n i f i c a n t  change in  submaxlmal oxygen consum ption.

2 .  Submaxlmal c a rd ia c  o u tp u t w i l l  s i g n i f i c a n t ly  d ecrease  as 

a  r e s u l t  o f  a th re e  day p e r  week I n te r v a l  t r a in in g  program .

3 . Submaxlmal h e a r t  r a te  s ig n i f ic a n t ly  d ec rea ses  w ith

t r a i n in g .

4 . Submaxlmal s tro k e  volume s ig n i f ic a n t ly  d e c rea se s  w ith

t r a in in g .

5 . The a-vO d if fe re n c e  i s  no t s ig n i f ic a n t ly  a l te r e d  in
2

fem ales w ith  in te r v a l  t r a in in g .

6 . A te n  week d e tra in in g  program w i l l  produce no s ig n i f ic a n t  

change in  submaxlmal oxygen consum ption.

7 . R egard less o f  frequency of d e tr a in in g ,  submaxlmal c a rd ia c  

o u tp u t i s  n o t s ig n i f ic a n t ly  changed.

8 . Submaxlmal s tro k e  volume w i l l  n o t  be  s ig n i f i c a n t ly  a l te r e d  

by a  te n  week d e tra in in g  program .

9 .  A d e tra in in g  program o f  two days p e r  week w i l l  enhance 

e x e rc is e  b ra d y c a rd ia .

10. The a-vO^ d if fe re n c e  i s  Independent o f d e tra in in g  

frequency .

11. Females can s u c c e s s fu lly  endure stren u o u s t r a in in g  

program s, s im ila r  to  t h e i r  m ale c o u n te rp a r ts .



APPENDIX A
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Table 3
Phase One

INTERVAL TRAINING PROGRAM

DAY PRESCRIPTION DAY PRESCRIPTION

1 110 time t r i a l 14 4 x 220 0 :48 (2:25)
4 x 220 easy (1:3) 5 mln r e s t

2 880 tim e t r i a l 8 x llO 0 :22 (1:06)
4 x 110 easy (1:3) IS 2 x 880 0 3:40 (7:20)

3 3 x 440 easy (1 :3) 5 mln r e s t
4 4 x 220 0 :55 (2:45) 1 x 660 0 2:40

5 mln r e s t 16 4 x 220 0 :45 (2:15)
2 x 110 0 :25 5 mln r e s t

5 1 x 880 0 4:00 (8:00) 6 x 110 0 :22 (1:06)
5 mln r e s t 3 mln r e s t
1 x 660 0 3:00 1 x 330 0 1:10

6 4 x 220 0 :52 (2:35) 17 3 x 88 0 3:35 (7:00)
5 mln r e s t 18 3 x 440 0 1:40 (3:05)
4 x 110 0 :25 (1:15) 4 mln r e s t

7 2 x 660 0 2:50 (5:00) 3 x 220 0 :42 (2:05)
5 min r e s t 19 3 x 660 0 2:35 (5:00)
1 x 220 0 :52 5 mln r e s t

8 7 x 110 0 :23 (1:09) 1 x 880 0 3:35
4 mln r e s t 20 6 x 220 0 :42 (2:05)
3 x 220 0 :50 (2:30) 4 mln r e s t

9 2 x 880 0 3:50 (7:40) 7 x 110 0 :20 (1:00)
10 2 x 440 0 1:50 (3:00) 21 4 x 440 0 1:35 (2:55)

5 mln r e s t 4 mln r e s t
1 x 660 0 2:45 2 x 660 0 2:30 (5:00)

11 2 x 880 0 3:45 (7:30) 22 3 x 880 0 3:30 (7:00)
4 mln r e s t 7 mln r e s t
1 x 220 0 :50 1 x 660 0 2:30

12 110 time t r i a l 23 110 time t r i a l
4 mln r e s t 4 mln r e s t
7 x 220 0 :45 (2:25) 8 x 220 0 :42 (2:05)

13 880 time t r i a l 4 mln r e s t
5 mln r e s t 3 x 110 0 :19 0 5 6 )
3 x 440 0 1:45 (3:15) 24 880 time t r i a l

5 mln r e s t
4 x 660 6 2:30 (5:00)

* -  tra in in g  se ss io n s  which group I  p a r t ic ip a te d  in  
-  group I I  p a r t ic ip a te d  in  a l l  Phase Two se s s io n s .
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Table 3 

Fhaae Two 

INTERVAL DETRAINING PROCRAM

DAY PRESCRIPTION

1 6 x 220 @ :42 (2:05)
4 mln r e s t  
7 x 110 0 :19 (:56)

2* 4 x 660 0 2:25 (4:50)
3 2 x 880 0 3:30 (7:00)

7 mln r e s t
2 x 660 0 2:30 (5:00)

4* 11 x 110 0 :19 (:56)
4 mln r e s t  
4 x 220 0 :42 (2:05)

5 4 x 440 0 1:35 (2:55)
4 mln r e s t
4 x 220 0 :42 (2:05) 

6* 4 x 660 0 2:30 (5:00)
5 mln r e s t
1 x 440 0 1:40 (3:05) 

7 5 x 220 0 :42 (2:05)
4 mln r e s t
9 x 110 0 :19 ( :56)

8* 2 x 660 0 2:25 (4:50)
5 mln r e s t
3 x 440 0 1:35 (2:55) 

9 3 x 880 0 3:30 (7:00)
7 mln r e s t
1 x 440 0 1:40 (3:05) 

10* 7 x 220 0 :42 (2:05)
4 mln r e s t
5 x  110 0 :19 ( :56)

DAY

11

12*

13

14*

15

16 

17 

18* 

19 

20*

PRESCRIPTION

110 time t r i a l  
6 x 220 0 :42 (2:05)
4 mln r e s t  
6 x 110 0 :19 (:56) 
880 tim e t r i a l  
2 x 660 0 2:25 (4:50) 

x 220 0 :42 (2:05) 
mln r e s t

1 x 110 0 :J9 ( :56) 
x 880 0 3:30 (7:00 
mln r e s t
x 660 0 2:30 (5:00) 
x 660 0 2:30 (5:00) 
mln r e s t  
x 440 0 3:05 
x 440 0 1:35 (2:55) 
mln r e s t
x 220 0 ;42 (2:05) 
x 660 0 2:30 (5:00) 
mln r e s t
x 440 0 1:35 (2:55) 
x 220 0 :42 (2:05) 
mln r e s t
x 110 0 :19 ( :56) 
x 220 0 :42 (2:05) 
mln r e s t
x 110 0 :19 (:56) 
x 880 0 3:30 (7:00) 
mln r e s t
x 440 0 1:40 (3:05)
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SAMPLE CARDIAC OUTPUT

NAME ACE 19 HT 65.25 WT 150 LBS

CROUP I TEST PRE POST WT 6R.1R KGS

WORK LEVEL DATE I/fl/77  _

FINAL GASOMETER READINC 371.2 TEMP 74 C*

INITIAL GASOMETER READING .1 3 0 * 2 . PRESSURE . .  . 2 4 3 .8 mmllg

STPD FACTOR n Rfig

UNCORRECTED VOLUME 37.10  BTPS FACTOR i .q rq

VOLUME STPD 27,.flq L PRESSURE-4 7rmHR mmllg

VOLUME BTPS 34.66 _L HR iso  BR 71

CAS ANALYSIS:
Vt “  . J65D______ ml (BTPS)

X CO. 4.35 - 1 ° j  - 16.09 z N 70.56 _l
Z C0„ -  0.04ZaZCOn expired __4.31

z
Z 0 consumed L. 00i  c 2

VOO. ml/mln (STPD) i?nn VO ml/mln (STPD) n o n2 -n” 
R- 0^86

2

PVC02-C02 (E quil) X (PB 

CaOO -  47.15

-47) 59 .29

m l / l i t e r  CVOO. -  56.73 m l / l l t e r
2

JO
* ■ 1

2

VCO7 (STPD) ml 1200 -  12.:
CV(X> m l/ l  -  CaCO tn l / l  9 .58  

SV -  Q -  83.3 ml 2 2
HR

a-vO. D iffe ren ce  ■ VO. « 111.20 n l / l2 2----- -------------------



APPENDIX B
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Table 5

ANALYSIS OF VARIANCE -  SUBMAXIMAL V02

Source of Variance SS df MS • F

Treatm enta 0 .05 2 0.025 1.09

T r ia ls 0 .16 3 0.053 0.26

In te ra c t io n 0.81 6 0.135 0.67

Between E rro r 0 .35 15 0.023

W ithin E rro r 0 .93 45 0.20

T o ta l 71

* S ig n if ic a n t <P< .05)
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Table 6

ANALYSIS OF VARIANCE -  SUBMAXIMAL CARDIAC OUTPUT

Source o f Variance SS df MS F

Treatm ents 17.92 2 8.96 2.03

T r ia ls 109.76 3 36.59 12.66*

In te ra c t io n 8.23 6 1.37 0.47

Between E rro r 66.27 15 4.42

W ithin E rro r 130.32 45 2.89

T o ta l 71
*

* Significant (P <  .05)
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Table 7

ANALYSIS OF VARIANCE -  SUBMAX IMAL HEART RATE

Source o f Variance SS df MS F

T rea taen ts 9485*5 2 4742.7 7.12*

T r ia ls 2947*6 3 982.5 3.95*

In te ra c tio n 2473.0 6 412.2 1.65

Between E rro r 9987.0 15 665.8

V lth ln  E rro r 11177.3 45 248.4

T o ta l 71

* Significant (P< 0.05)
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Table 8

ANALYSIS OF VARIANCE -  SUBMAXIMAL STROKE VOLUME

Source of V ariance SS d f MS * F

T reatm ents 219.2 2 109.6 0 .55

T r ia ls 1997.8 3 665.9 5 .55*

In te r a c t io n 205.4 6 34.2 0.31

Between e r r o r 3007.45 15 200.5

V lth ln  e r r o r 5039.7 45 111.9

T o ta l 71

* Significant (P <.05)
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Table 9

ANALYSIS OF VARIANCE -  SUBMAXIMAL A-T02 DIFF.

Source o f  V ariance SS d f MS

T reatm ents 94 .2 2 4.71 12.86*

T r ia ls 29.34 3 9 .7 8 0 .39

In te r a c t io n 7.03 6 1.17 0 .47

Between E rro r 54.95 15 3.66

W ithin E rro r 1101.6 45 24.48

T o ta l 71

A Significant <P<0.05)
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Table 10
RAW DATA

PRE-TRAINING
Group VO H.R. SV A-VO Q

daya/vk (1/tnin) (bpa) (m is) d i f f  (1/m ln)
(a la /1 0 0  ml)

2 1.696 115 89.04 16.56 10.24

1 1.390 150 83.30 11.12 12.50

1 1.230 142 85.40 10.13 12.14

0 1.150 133 104.51 8.27 13.90

0 1.380 150 80.93 11.36 12.14

1 1.400 142 116.50 84.80 16.50

2 1.380 139 109.85 9 .03 15.27

0 1.440 162 107.03 8 .30 17.34

0 1.210 146 86.90 9 .5 2 12.70

1 1.460 175 118.57 7.20 20.27

2 0.991 130 11.92 6.39 15.50

2 1.760 140 110.00 11.42 15.40

2 1.270 171 60.18 12.24 10.37

2 1.450 140 94.21 10.99 13.19

1 0 .983 130 113.10 6 .6 8 14.70

0 1.300 158 122.70 6 .7 0 19.40

1 1.210 145 119.03 7.01 17.26

0 1.520 171 65.14 13.64 11.14

x 1.345 x 146.6 x 98.79 x  9 .7 2 x 14.44
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Table 11
RAW DATA

POST TRAINING
Group VO H.R. SV A-VO Q

days/wk (l/ra in ) (bpa) (mis) d lf f*  (1/mln)
(a la /1 0 0  a l )

2 1.264 115 101.50 9.43 13.40

1 1.395 132 . 90.75 11.64 11.98

1 1.151 142 89.43 9.06 12.70

0 0.991 100 82.70 11.98 8.30

0 1.379 136 82.35 12.31 11.20

1 1.145 136 89.70 9.39 12.20

2 1.450 143 83.20 12.23 11.90

0 1.353 133 92.48 11.00 12.30

0 1.187 120 . 91.33 10.83 10.96

1 1.277 150 83.33 10.21 12.50

2 1.060 125 88.40 10.80 9.80

2 1.127 130 96.15 9.01 12.50

2 1.533 146 84.93 12.36 12.40

2 1.493 130 78.46 14.63 10.20

1 0.985 126 86.50 9.03 10.90

0 1.341 143 86.01 10.90 12.30

1 1.319 142 80.28 11,57 11.40

0 1.662 143 86.01 13.51 12.30

x 1.226 x 132.8 x 86.86 x 11*10 x 11.62
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Table 12
RAW DATA

FIFTH WEEK -  DETRAINING

Subject Group VO H.R. SV A-Vo Q
days/wk (1/mxn) (bpm) (tola) d i f f z (1/mln)

(m is /100 ml)

1 2 1.254 115 94.43 *11.54 10.86
2 1 1.132 140 85.00 9.51 11.90
3 1 1.183 136 95.95 9.06 13.05
4 0 1.168 115 80.70 12.58 9.28
5 0 1.389 143 85.94 11.30 12.29
6 1 1.415 142 82.60 13.10 11.73
7 2 1.448 136 79.41 13.41 10.80
8 0 1.501 150 79.46 12.59 11.92
9 0 1.229 136 99.04 9.12 13.47

10 1 1.237 167 83.29 8.89 13.91
11 2 1.100 120 96.58 9.49 11.59
12 2 1.149 120 96.42 9.93 11.57
13 2 1.470 130 83.38 13.56 10.84
14 2 1.408 126 85.63 13.05 10.79
15 1 0.867 115 90.17 8.36 10.37
16 0 1.283 134 89.32 10.71 11.97
17 1 1.031 130 98.23 8.07 12.77
18 0 1.008 167 78.44 7.69 13.10

x 1.2373 x 134.5 x 87.99 x 10.66 x 11.78
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Table 13
RAW DATA

TENTH WEEK - DETRAINING
libject Group

days/wk (iM in )
H.R.

(bptn)
SV

(mis)
A-VO_ 
d i f f  

(m is /100

•
Q

(1/rain)
oil)

1 2 1.224 111 101.17 10.89 11.23
2 1 1.479 143 86.57 11.95 12.38
3 1 1.139 136 81.98 10.22 11.15
4 0 1.047 107 94.39 10.36 10.10
5

ft
0 1.337 142 81.26 11.58 11.54

6 1 1.154 130 85.08 10.43 11.06
7 2 1.365 125 84.72 12.89 10.59
8 0 1.368 140 81.00 12.06 11.34
9 0 1.228 136 88.53 10.19 12.04

10 1 1.222 167 77.60 9.42 12.96
11 2 1.020 115 97.30 9.12 11.19
12 2 1.078 120 90.00 9 .98 10.80
13 2 1.425 125 75.52 15.09 9.44
14 2 1.295 120 91.58 11.78 10.99
15 1 0.953 115 91.91 9.02 10,57
16 0 1.276 130 92.38 10.62 12.01
17 1 1.205 143 95.73 8.80 13.69
18 0 1.224 130 93.69 10.04 12.18

x 1.224 x 129.7x 93.65 * 10.80 x  U .4 0
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