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A b s t r a c t

INTERACTIVE EFFECTS OF TYPE A PERSONALITY AND PSYCHOLOGICAL 

AND PHYSICAL STRESSORS ON HUMAN CARDIOVASCULAR FUNCTIONINS

by

Glenn L .  A l b r i g h t  

A d v i s e r :  P r o f e s s o r  Solomon S.  S t e i n e r

T r a d i t i o n a l  c a r d i o v a s c u l a r  m easures  o f  h e a r t  r a t e  and 

b lo o d  p r e s s u r e  have  n o t  r e l i a b l y  c o r r e l a t e d  w i t h  Type A 

p e r s o n a l i t y  m eas u re s .  The f i r s t  s t u d y ,  d e f i n e s  Type A 

b e h a v i o r  as  s c o r e s  on t h e  J e n k i n s  A c t i v i t y  S u rv e y  and 

c o r r e l a t e s  t h e s e  w i t h  p r e v i o u s l y  u n a v a i l a b l e  measures  o f  

c a r d i o v a s c u l a r  f u n c t i o n .  U s ing  n o n - i n v a s i v e  impedance  

c a r d i o g r a p h y , measures  o f  s t r o k e  v o lu m e ,  H e a t h e r ' s  in d e x  o f  

m y o c a r d i a l  c o n t r a c t i l i t y ,  c a r d i a c  o u t p u t  and t o t a l  s y s t e m i c  

r e s i s t a n c e  were  o b t a i n e d  <in a d d i t i o n  t o  t h e  t r a d i t i o n a l  

measures  o f  h e a r t  r a t e  and b lo o d  p r e s s u r e )  . These  

p h y s i o l o g i c a l  measures  were  t a k e n  d u r i n g  a b a s e l i n e  

c o n d i t i o n ,  p e r i o d  o f  s e l f - r e l a x a t i o n , a p s y c h o l o g i c a l  

s t r e s s o r  and a c o l d  p r e s s o r  s t r e s s o r .  A s t e p - w i s e  m u l t i p l e  

l i n e a r  r e g r e s s i o n  a n a l y s i s  was used t o  c o r r e l a t e  Type  A 

s c o r e  f ro m  t h e  c o m p o s i t e  o f  p s y c h o p h y s i o l o g i c a l  v a r i a b l e s .

Gender and s t r o k e  vo lume changes  d u r i n g  t h e  

p s y c h o l o g i c a l  s t r e s s  a c c o u n te d  f o r  45% < p < .0 1 7 )  o f  t h e  

v a r i a n c e  i n  Type A s c o r e .  7B% < p < .0 1 )  o f  t h e  jo b



i n v o lv e m e n t  s u b - s c a l e  v a r i a n c e  was a c c o u n te d  -for by changes  

i n  t o t a l  s y s t e m i c  r e s i s t a n c e ,  s t r o k e  volume and h e a r t  r a t e  

d u r i n g  t h e  p s y c h o l o g i c a l  s t r e s s o r  and s y s t o l i c  b lo o d  

p r e s s u r e  d u r i n g  t h e  c o l d  p r e s s o r  s t r e s s o r .  Thus ,  Type A 

b e h a v i o r  r e l i a b l y  c o r r e l a t e s  w i t h  c a r d i o v a s c u l a r  changes  

produced  by a p s y c h o l o g i c a l  s t r e s s .

The second and t h i r d  s t u d i e s  i n  t h i s  s e r i e s  e x t e n d e d  

t h e  c o n c e p t  t h a t  a s p e c i f i c  s t r e s s o r  would p ro d u c e  s p e c i f i c  

p a t t e r n s  o f  p s y c h o p h y s i o l o g i c a l  r e s p o n s e s .  A t h i r d  s t r e s s  

c o n d i t i o n ,  a e r o b i c  e x e r c i s e ,  was s t u d i e d  i n  a d d i t i o n  t o  t h e  

p s y c h o l o g i c a l  and c o l d  p r e s s o r  s t r e s s o r s .  The e f f e c t s  o f  

t h e s e  s t r e s s o r s  on c a r d i o d y n a m ic  v a r i a b l e s  was a s c e r t a i n e d  

f o r  each s t r e s s o r  a l o n e  and i n  c o m b i n a t i o n .

A l l  t h r e e  s t r e s s o r s  showed r e l i a b l e  p a t t e r n s  of  

c a r d i o d y n a m ic  changes c h a r a c t e r i s t i c  o f  each s t r e s s o r  

t e s t e d .  F u r t h e r m o r e ,  t h e  combined e f f e c t s  o f  t h e s e  

s t r e s s o r s  was i n t e r a c t i v e  and n o t  m e r e l y  a d d i t i v e .

These s t u d i e s  d e m o n s t r a t e  t h a t :  1. D i f f e r e n t  s t r e s s o r s  

show s p e c i f i c  p a t t e r n s  o f  p s y c h o p h y s i o l o g i c a l  r e s p o n s e  

a s s o c i a t e d  w i t h  th e m ,  2 .  t h e  combined e f f e c t s  o f  s t r e s s o r s  

i s  d i f f e r e n t  th a n  t h e  sum o f  t h e i r  i n d i v i d u a l  e f f e c t s ,  and

3 .  t h e  c o n c e p t  o f  Type  A p e r s o n a l i t y  i s  m e a n in g f u l  i n  

c o r r e l a t i n g  t h e  c a r d i o d y n a m ic  changes  t o  s p e c i f i c  s t r e s s o r s  

( p s y c h o l o g i c a l  s t r e s s ) .  T h i s  f i n d i n g  would n o t  be e v i d e n t  

w i t h  mere measures o f  h e a r t  r a t e  and b lo o d  p r e s s u r e ,  which  

s i m p l y  show e l e v a t i o n  t o  a v a r i e t y  o f  s t r e s s o r s .
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HISTORY

The n o t i o n  t h a t  b e h a v i o r  and e m o t io n s  a f f e c t  t h e  

c a r d i o v a s c u l a r  sy s te m  has  a l o n g  h i s t o r y .  E a r l y  b i b l i c a l  

w r i t e r s  a s s o c i a t e d  p a i n  i n  t h e  h e a r t  w i t h  s o r r o w  o r  g r e a t  

f e a r  ( L e i b o w i t s ,  1 9 7 0 ) .  T h i s  b e l i e f  was e x p r e s s e d  more  

s c i e n t i f i c a l l y  3 50  y e a r s  ago when a young E n g l i s h  p h y s i c i a n  

by t h e  name o f  W i l l i a m  H a rv e y  s t a t e d  t h a t  e v e r y  a f f e c t i o n  o f  

t h e  mind t h a t  i s  a t t e n d e d  w i t h  e i t h e r  p a i n  o r  p l e a s u r e ,  hope  

o r  f e a r ,  i s  t h e  c au s e  o f  a g i t a t i o n  whose i n f l u e n c e  e x t e n d s  

t o  t h e  h e a r t  (Eastwood 8< T r e v e l y a n ,  1 9 7 1 ) .

O n e - h u n d r e d - a n d - f i f t y  y e a r s  l a t e r  t h e  B r i t i s h  surgeon  

John H u n t e r  e l u c i d a t e d  H a r v e y ' s  o b s e r v a t i o n  a f t e r  n o t i c i n g  

t h e  c o n n e c t i o n  b e tw ee n  h i s  own a n g i n a  p e c t o r i s  and h i s  

e m o t io n s  and b e h a v i o r .  He s t a t e d  t h a t  h i s  l i f e  was i n  t h e  

hands o f  any  r a s c a l  who chooses  t o  annoy h im ,  and l a t e r ,  

f o l l o w i n g  a h e a t e d  d e b a t e  a t  a b o a rd  m e e t in g  a t  S t .  B eorges  

H o s p i t a l ,  he d i e d  ( L e i b o w i t s ,  1 9 7 0 ) .

In  1897 S i r  W i l l i a m  O s i e r  o b s e r v e d  t h a t  t h e  c o n d i t i o n  

o f  a t h e r o s c l e r o s i s  and i t s  a t t e n d a n t  e p i s o d e s  o f  a n g in a  

p e c t o r i s  d i d  n o t  a p p e a r  t o  be ra n d o m ly  s p re a d  t h r o u g h o u t  t h e  

c om m uni ty ,  b u t  r a t h e r  te n d e d  t o  a t t a c k  a s p e c i f i c  t y p e  o f  

p e r s o n .  He b e l i e v e d  t h a t  t h e  h i g h  p r e s s u r e  a t  w h ich  men
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l i v e  and t h e  h a b i t  o f  w o r k in g  t h e  human m achine  t o  i t s  

maximum c a p a c i t y  a r e  r e s p o n s i b l e  f o r  a r t e r i a l  d e g e n e r a t i o n  

r a t h e r  t h a n  e x c e s s e s  i n  e a t i n g  and d r i n k i n g  ( O s i e r ,  1 S 9 7 ) .

O s i e r ' s  d e s c r i p t i o n s  o f  t h e  c o r o n a r y  p ro n e  p a t i e n t  as  

an i n d i v i d u a l  s t r i v i n g  f o r  s u c c e s s  i n  a r e s p o n s i b l e  b u t  h ig h  

p r e s s u r e d  way were  e l a b o r a t e d  upon by t h e  famous A m er ican  

p s y c h i a t r i s t s  K a r l  and W i l l i a m  M e n n in g e r  ( 1 9 3 6 ) .  I t  was 

t h e i r  c o n t e n t i o n  t h a t  c o r o n a r y  p ro n e  p a t i e n t s  have  s t r o n g  

a g g r e s s i v e  t e n d e n c i e s  t h a t  a r e  u s u a l l y  s t r i c t l y  r e p r e s s e d .

CORONARY_HEARI_DISEASE

C o r o n a r y  h e a r t  d i s e a s e  (C H D ) , o r  i s c h e m ic  h e a r t  

d i s e a s e ,  i s  t h e  m a jo r  cause  o f  d e a t h  i n  t h i s  c o u n t r y ,  and i s  

a d i s o r d e r  t h a t  i s  t h o u g h t  t o  r e s u l t  f ro m  damage t o  t h e  

c o r o n a r y  a r t e r i e s .  T h i s  damage t o  o r  t h i c k e n i n g  o f  t h e  

a r t e r i a l  w a l l s  i s  c a l l e d  a t h e r o s c l e r o s i s .  The m a jo r  

c l i n i c a l  m a n i f e s t a t i o n s  o f  t h e  d i s e a s e  i n c l u d e  m y o c a r d ia l  

i n f a r c t i o n  (d e a t h  o f  h e a r t  t i s s u e ) , a n g i n a  p e c t o r i s  (a  

syndrome o f  c h e s t  p a i n  and d i s c o m f o r t  r e s u l t i n g  f rom  

i n s u f f i c i e n t  oxygen s u p p l y  t o  t h e  m y o c a r d i u m ) , and sudden  

d e a t h .

RISK_FACIQRS

To u n d e r s t a n d  t h e  p a t h o g e n e s i s  o f  t h e s e  d i s o r d e r s ,  i t  

i s  n e c e s s a r y  t o  c o n s i d e r  t h e  i n t e r p l a y  o f  h e r e d i t a r y  

f a c t o r s ,  m e t a b o l i c  a l t e r a t i o n s  and i n d i v i d u a l  l i f e - s t y l e s .
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An a r r a y  o f  s t a n d a r d  r i s k  f a c t o r s  h ave  been i d e n t i f i e d  by  

e p i d e m i o l o g i c a l  r e s e a r c h  ( B r a n d , Rosenman, S h o l t z ,  8< 

F r e id m a n ,  1976; Kannel  , McGee, ?< G ordon ,  1 9 7 6 ) .  The most  

w i d e l y  a c c e p t e d  o f  t h e s e  i n c l u d e  a g e ,  h y p e r t e n s i o n ,  e l e v a t e d  

l o w - d e n s i t y  and low l e v e l s  o f  h i g h - d e n s i t y  l i p o p r o t e i n s  i n  

t h e  b l o o d ,  c i g a r e t t e  s m o k in g ,  f a m i l y  h i s t o r y  o f  h e a r t  

d i s e a s e  and t h e  p r e s e n c e  o f  d i a b e t e s  m e l l i t u s .  In  t h e  l a s t  

decade  t h e r e  has  been a c o n s i d e r a b l e  amount o f  e v i d e n c e  

c o m p i le d  i m p l i c a t i n g  p s y c h o l o g i c a l  and s o c i a l  f a c t o r s  i n  t h e  

p a t h o g e n s i s  o f  CHD ( G l a s s  1977;  J e n k i n s  1 9 7 6 ) .  The two  

c a t e g o r i e s  o f  p s y c h o l o g i c a l  v a r i a b l e s  t h a t  have  r e c e i v e d  t h e  

most s u p p o r t  as  c o r o n a r y  r i s k  f a c t o r s  i n c l u d e  p s y c h o l o g i c a l  

s t r e s s  and c e r t a i n  p e r s o n a l i t y  p a t t e r n s .

STRESS

P s y c h o l o g i c a l  s t r e s s  i s  o f t e n  d e f i n e d  as  an i n t e r n a l  

s t a t e  t h a t  o c c u r s  when an i n d i v i d u a l  c o n f r o n t s  a t h r e a t  t o  

h i s / h e r  p h y s i c a l  o r  p s y c h o l o g i c a l  w e l l - b e i n g  ( L a z a r u s  1 9 6 6 ) .

The p h y s i o l o g i c a l  p a t t e r n  c o n s t i t u t i n g  t h i s  i n t e r n a l  s t a t e  

i n  r e s p o n s e  t o  s t r e s s f u l  s i t u a t i o n s  ( p s y c h o l o g i c a l  a n d / o r  

p h y s i c a l )  has  a t e n d e n c y  t o  be i d i o s y n c r a t i c  (S t e r n b a c h  

1 9 6 6 ) .  T h i s  t e n d e n c y ,  wh ich  i n v o l v e s  t h e  au to n o m ic  n e rv o u s  

s y s t e m ,  i s  c a l l e d  i n d i v i d u a l  r e s p o n s e  s t e r e o t y p y  o r  

s p e c i f i c i t y .

AUTONOMIC NERVOUS SYSTEM



In t h e  t r a d i t i o n a l  model  o f  t h e  a u to n o m ic  n e r v o u s  

sys tem  <ANS), t h e  s y m p a t h e t i c  and p a r a s y m p a t h e t i c  

s u b d i v i s i o n s  p ro d u c e  a n t a g o n i s t i c  v i s c e r a l  and g l a n d u l a r  

r e s p o n s e s  as  a means o f  m a i n t a i n i n g  t h e  body i n  a s t e a d y  

s t a t e .  The a n a t o m ic a l  f e a t u r e s  o f  t h e  au to n o m ic  n e rv o u s  

s ys te m  were  e l u c i d a t e d  by G a s k e l l  who fo und  t h a t  one o f  t h e  

s u b d i v i s i o n s  p r o v i d e d  a r e l a t i v e l y  d i f f u s e  and 

u n d i f f e r e n t i a t e d  p a t t e r n  o f  v i s c e r a l  i n n e r v a t i o n  <1886,  

1 9 1 6 ) .  L a n g l e y  examined  t h e  p h y s i o l o g y  o f  t h i s  i n v o l u n t a r y  

n e r v o u s  sys tem  and proposed  t h a t  i t  be c a l l e d  t h e  au tonom ic  

o r  s e l f - g o v e r n i n g  n e r v o u s  s y s te m .  L a n g le y  a p p l i e d  t h e  te r m  

s y m p a t h e t i c  t o  t h e  l e s s  d i f f e r e n t i a t e d  d i v i s i o n ,  and named 

t h e  o t h e r  d i v i s i o n  p a r a s y m p a t h e t i c  <1905 ,  1 9 2 1 ) .  Loewi  

d e m o n s t r a t e d  t h e  i n h i b i t o r y  e f f e c t  o f  a c e t y l c h o l i n e  (ACh) on 

c a r d i a c  a c t i v i t y ,  w h ich  e s t a b l i s h e d  i t  as t h e  

p a r a s y m p a t h e t i c  p o s t  g a n g l i o n i c  t r a n s m i t t e r .  I n  1933 D a le  

te rm ed  t h e  p a r a s y m p a t h e t i c  as  c h o l i n e r g i c  < i . e . ,  r e l e a s i n g  

ACh) and he c a l l e d  t h e  s y m p a t h e t i c  n e r v e s  a d r e n e r g i c  < i . e . , 

r e l e a s i n g  a d r e n a l i n ) .  I n  1946 von E u l e r  d e m o n s t r a t e d  t h a t  

i t  i s  n o r e p i n e p h r i n e  which  i s  t h e  t r a n s m i t t e r  p r i m a r i l y  

r e s p o n s i b l e  f o r  t h e  a c t i v a t i n g  e f f e c t  o f  s y m p a t h e t i c  

s t i m u l a t i o n  o f  t h e  c a r d i o v a s c u l a r  s ys te m .

E p p in g e r  and Hess < 1 9 1 0 /1 9 1 7 )  were  t h e  f i r s t  t o  p ropose  

t h e  c o n c e p t  o f  au to n o m ic  im b a la n c e  t o  e x p l a i n  t h e  r o l e  o f  

t h e  ANS i n  p h y s i o l o g i c a l  d i s o r d e r s  such as h y p e r t e n s i o n ,  

c a r d i a c  a r y t h m i a s ,  and c a r d i a c  a r r e s t .  They re as o n e d  t h a t
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i f  normal  f u n c t i o n i n g  o f  t h e  body w ere  d e p en d e n t  upon a 

b a l a n c e  between  t h e  tw o  a u tonom ic  d i v i s i o n s ,  t h e n  a s h i f t  i n  

t h e  d i r e c t i o n  o f  e i t h e r  i n f l u e n c e  c o u ld  r e s u l t  i n  

p h y s i o l o g i c a l  d i s o r d e r s .  On t h e  b a s i s  o f  p h a r m a c o l o g i c a l  

s t u d i e s ,  t h e y  c o n c lu d e d  t h a t  some i n d i v i d u a l s  d e m o n s t r a t e  

a l t e r e d  s y m p a t h e t i c  o r  p a r a s y m p a t h e t i c  a c t i v i t y .

The n o t i o n  o f  a u to n o m ic  i m b a l a n c e  was f u r t h e r  d e v e lo p e d  

by W a l t e r  B. Cannon who proposed  t h e  c o n c e p t  o f  h o m e o s ta s is  

t o  d e s c r i b e  t h e  r o l e  o f  t h e  ANS i n  s t a b i l i z i n g  t h e  b o d y 's  

i n t e r n a l  m i l i e u  w i t h i n  t o l e r a b l e  l i m i t s  ( 1 9 2 9 ,  1 9 3 2 ) .

The c o n c e p t  o f  i n d i v i d u a l  r e s p o n s e  < IR) s p e c i f i c i t y  has  

had an i n t e r e s t i n g  h i s t o r i c a l  d e v e lo p m e n t .  A n d r e a s s i  (19B0)  

r e v i e w s  t h e  l i t e r a t u r e  s t a r t i n g  w i t h  t h e  work r e p o r t e d  by 

Malmo and Shagass (1 9 4 9 )  whose p s y c h i a t r i c  p a t i e n t s  w i t h  a 

h i s t o r y  o f  c a r d i o v a s c u l a r  p ro b le m s  and t h o s e  w i t h  head and 

neck c o m p l a i n t s  re spond ed  d i f f e r e n t i a l l y  t o  p a i n  s t i m u l i .

Fo r  e x a m p le ,  t h o s e  w i t h  c a r d i o v a s c u l a r  symptoms showed 

e l e v a t e d  h e a r t  r a t e s  (HR) w h i l e  t h o s e  w i t h  he ad a ch e s  and 

neck p a i n s  had h i g h e r  EMB's i n  r e s p o n s e  t o  p a i n .

Malmo and a s s o c i a t e s  p roposed  t h e  p r i n c i p l e  o f  symptom 

s p e c i f i c i t y  t o  d e s c r i b e  s i t u a t i o n s  i n  which  p s y c h i a t r i c  

p a t i e n t s  re spond ed  t o  s t r e s s f u l  s t i m u l i  a c c o r d i n g  t o  t h e  

p h y s i o l o g i c a l  mechanism u n d e r l y i n g  t h e  symptom. T h i s  

p r i n c i p l e  was a p p l i e d  t o  n o r m a ls  by Lacey  and a s s o c i a t e s
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( 1 9 5 3 )  and became • fo rm u la t e d  as au to n o m ic  re s p o n s e  

s p e c i f i c i t y  o r  what i s  now c a l l e d  i n d i v i d u a l  r e s p o n s e  

s p e c i f i c i t y .  The n o t i o n  t h a t  i n d i v i d u a l s  would  re sp o n d  

m a x i m a l l y  w i t h  a c e r t a i n  p h y s i o l o g i c a l  r e s p o n s e  was 

c o n f i r m e d  i n  t h e  1953  s t u d y  (L ac ey  e t  a l . > .  They measured  

s k i n  c o n d u c ta n c e  l e v e l  ( S C L ) , h e a r t  r a t e  ( H R ) , and HR 

v a r i a b i l i t y  under  f o u r  s t r e s s f u l  c o n d i t i o n s :  c o l d  p r e s s o r , 

m e nta l  a r i t h m e t i c ,  l e t t e r  a s s o c i a t i o n  and h y p e r v e n t i l a t i o n .  

E v id e n c e  was fou n d  f o r  maximal r e s p o n s e  i n  t h e  same 

p h y s i o l o g i c a l  v a r i a b l e s  u n de r  d i f f e r e n t  s t r e s s  c o n d i t i o n s .  

F u r t h e r ,  t h e y  c o n c lu d e d  t h a t  some p e o p l e  re spond ed  t o  

d i f f e r e n t  s t i m u l i  w i t h  a f i x e d  p a t t e r n ,  f o r  e x a m p le ,  t h e  

g r e a t e s t  r e s p o n s e  change  m ig h t  be HR, f o l l o w e d  by SCL and 

t h e n  HR v a r i a b i l i t y .  An e xa m p le  o f  t h i s  r e s p o n s e  p a t t e r n i n g  

t o  v a r i o u s  s t i m u l a t i n g  c o n d i t i o n s  was p r o v i d e d  by Lacey  

( 1 9 5 9 ) .  He o b t a i n e d  r e s u l t s  t h a t  i n d i c a t e d  s i m i l a r  r e s p o n s e  

p a t t e r n s  t o  t h e  CP t e s t ,  m e n ta l  a r i t h m e t i c ,  and word f l u e n c y  

w i t h i n  a g i v e n  s u b j e c t .  For  e x a m p le ,  d i a s t o l i c  b lo o d  

p r e s s u r e  d e c r e a s e d  f o r  one s u b j e c t ,  w h i l e  i t  c o n s i s t e n t l y  

i n c r e a s e d  f o r  a n o t h e r  u n de r  t h e  c o n d i t i o n s  j u s t  m e n t io n e d .  

Moos and Engel  ( 1 9 6 2 )  r e p o r t e d  t h a t  h y p e r t e n s i v e  s u b j e c t s  

showed more b lo o d  p r e s s u r e  c hang es  i n  r e a c t i n g  t o  s t r e s s o r s  

th a n  d i d  a r t h r i t i c  p a t i e n t s .  How ever ,  t h o s e  w i t h  a r t h r i t i s  

showed more e l e c t r o m y o g r a p h i c  (EMG) i n c r e a s e s  i n  m usc les  

o v e r l y i n g  t h e  a r t h r i t i c  j o i n t s  t h a n  d i d  h y p e r t e n s i v e s .

Hodapp e t  a l . (1 9 7 5 )  r e p o r t e d  t h a t  2 0  h y p e r t e n s i v e s ,

re spond ed  t o  l a n d s c a p e  s l i d e s  w i t h  a g r e a t e r  r i s e  in
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s y s t o l i c  b lo o d  p r e s s u r e  t h a n  d i d  a group  o f  31 matched  

normal  c o n t r o l  s u b j e c t s .  Enge l  and B i c k f o r d  (1 9 6 1 )  s t a t e d  

t h a t  d i s e a s e s  which  a r e  n e u r a l l y  m e d ia te d  would  show a 

hyper— r e a c t i v i t y  t o  s t r e s s  i n  sys tem s  r e l a t e d  t o  t h e  

d i s o r d e r .  T h i s  c l a i m  was s u b s t a n t i a t e d  i n  a s t u d y  co n d u c te d  

w i t h  a g roup  o f  h y p e r t e n s i v e s  who d e m o n s t r a b l y  r e a c t e d  t o  

s t r e s s o r s  w i t h  chang es  i n  b lo o d  p r e s s u r e ,  w h i l e  e m i t t i n g  

more c o n s i s t e n t  re s p o n s e s  t h a n  n o r m o t e n s i v e  s u b j e c t s  i n  

o t h e r  p h y s i c a l  s y s te m s .  In  l i g h t  o f  t h i s  s t u d y ,  Garwood e t  

a l . ,  (1 9 8 2 )  o b t a i n e d  f i n d i n g s  t h a t  i n d i v i d u a l  r e s p o n s e

c o n s i s t e n c y  i n c r e a s e d  as age i n c r e a s e d .

More r e c e n t l y ,  W i ls o n  e t  a l . (1 9 8 5 )  r e p o r t e d

im p l e m e n t i n g  im pedance  c a r d i o g r a p h y  t o  measure  s t r o k e  

v o lu m e ,  h e a r t  r a t e ,  c a r d i a c  o u t p u t ,  m y o c a r d i a l  c o n t r a c t i l i t y  

and t o t a l  s y s t e m i c  r e s i s t a n c e  d u r i n g  a t a p e d  o r a l  q u i z  and a 

c o l d  p r e s s o r  t e s t .  R e s u l t s  showed t h a t  s u b j e c t s  who 

re sp o n d ed  t o  t h e  s t r e s s o r s  w i t h  i n c r e a s e s  i n  b lo o d  p r e s s u r e  

d i d  so m a n i f e s t i n g  d i f f e r e n t  hemodynamic r e s p o n s e s .  For  

e x a m p le ,  t h o s e  r e s p o n d in g  t o  s t r e s s f u l  c o g n i t i v e  t a s k s  

showed b lo o d  p r e s s u r e  i n c r e a s e s  t h a t  w ere  s i g n i f i c a n t l y  

c o r r e l a t e d  w i t h  i n c r e a s e s  i n  h e a r t  r a t e ,  c a r d i a c  o u t p u t ,  

c a r d i a c  c o n t r a c t i l i t y ,  and p e r i p h e r a l  r e s i s t a n c e  accompanied  

by a d e c r e a s e  i n  p e r i p h e r a l  s k i n  t e m p e r a t u r e .  The  

hemodynamic r e s p o n s e  p a t t e r n s  t o  t h e  c o l d  p r e s s o r  s t r e s s  

a l s o  p ro d u c e d  i n c r e a s e s  i n  b lo o d  p r e s s u r e ,  h e a r t  r a t e  and 

p e r i p h e r a l  r e s i s t a n c e ,  h o w e v e r ,  s t r o k e  v o lu m e ,  c a r d i a c
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o u t p u t ,  c a r d i a c  c o n t r a c t i l i t y  and s k i n  t e m p e r a t u r e  

d e c r e a s e d .

Thus W i l s o n ' s  r e s e a r c h  d e m o n s t r a t e d  t h a t  t h e  two s t r e s s  

c o n d i t i o n s  p roduced  an e q u i v a l e n t  a c t i v a t i o n  o f  a l l  t h e  more 

t r a d i t i o n a l  m e asu re s .  H ow ever ,  t h e  m easures  o b t a i n e d  by  

impedance  c a r d i o g r a p h y  showed e n t i r e l y  d i f f e r e n t  p a t t e r n s  

d u r i n g  t h e  two c o n d i t i o n s .  Such d i f f e r e n t i a t i o n  a l l o w s ,  f o r  

t h e  f i r s t  t i m e ,  a more i n - d e p t h  assessm ent  o f  t h o s e  

mechanisms t h a t  u n d e r l i e  t h e  t r a d i t i o n a l  m easures  t h u s  

g r e a t l y  f a c i l i t a t i n g  our  u n d e r s t a n d i n g  o f  re s p o n s e  

s t e r e o t y p y .

The use o f  impedance  c a r d i o g r a p h y  as  a r e s e a r c h  t o o l  i n  

p s y c h o p h y s io l o g y  i s  r e l a t i v e l y  new. T h i s  n o n i n v a s i v e ,  

im p e d an c e -b a se d  measure  o f  c a r d i a c  p e r f o r m a n c e  a l l o w s  

r e s e a r c h e r s  t o  exam in e  such v a r i a b l e s  as  s t r o k e  v o lu m e ,  

c a r d i a c  o u t p u t ,  and c a r d i a c  c o n t r a c t i l i t y ,  w h ich  w ere  o n l y  

p r e v i o u s l y  a v a i l a b l e  v i a  i n v a s i v e  t e c h n o l o g y .  The  

i n s t r u m e n t a t i o n  e v o l v e d  i n  l a t e  1960 when a n o n i n v a s i v e  

m o n i t o r  o f  c a r d i a c  p e r f o r m a n c e  was d e v e lo p e d  f o r  t h e  

N a t i o n a l  A e r o n a u t i c s  and Space A d m i n i s t r a t i  on t o  s t u d y  

c a r d i a c  f u n c t i o n  d u r i n g  space  f l i g h t  ( K u b i c e k ,  1 9 6 9 ) .  T h i s  

t e c h n i q u e  emplo ys  a p a i r  o f  s u r f a c e  e l e c t r o d e s  t h a t  in d u c e  a 

r a d i o - f r e q u e n c y  <r— f )  e l e c t r o m a g n e t i c  f i e l d  a c r o s s  t h e  c h e s t  

c a v i t y .  A second p a i r  o f  e l e c t r o d e s  m o n i t o r  changes  i n  t h e
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im pedance  t o  t h e  p a ssa g e  o f  t h i s  r —f c u r r e n t  t h r o u g h  t h e  

c h e s t .  The r e s u l t  i s  a p u l s a t i l e  s i g n a l  wh ich  i s  

s yn c h ro n o u s  w i t h  t h e  h e a r t b e a t .  By c a l c u l a t i n g  t h e  f i r s t  

d e r i v a t i v e  o r  r a t e  o f  change ( d Z / d t )  o f  t h e  impedance  

s i g n a l ,  one can r e p r e s e n t  t h e  change i n  v e l o c i t y  o f  t h e  

e j e c t i o n  o f  b lo o d  d u r i n g  s y s t o l e .

M easurem ents  can be made f ro m  w e l l - d e f i n e d  la n d m a r k s  on 

t h e  d Z / d t  waveform and e l e c t r o c a r d i o g r a m  (ECG). These  

l a n d m a r k s  ha ve  been shown t o  c o r r e s p o n d  t o  such c a r d i a c  

e v e n t s  as  v a l v u l a r  c l o s i n g  and t h e  p o i n t  o f  maximal e j e c t i o n  

o f  b lo o d  f ro m  t h e  l e f t  v e n t r i c l e .  The r e s u l t i n g  

m easurements  can t h e n  be e n t e r e d  i n t o  e m p i r i c a l l y  v a l i d a t e d  

f o r m u l a e  t o  p ro d u c e  e s t i m a t e s  o f :  s t r o k e  v o lu m e ,  c a r d i a c  

o u t p u t ,  and c o n t r a c t i l i t y  <K u b icek ,  P a t t e r s o n ,  8< W i t s o e ,  

1970; M i l l e r  8< H o r v a t h ,  1.97B).

The measures  d e r i v e d  f ro m  impedance c a r d i o g r a p h y  have  

been compared t o  t h o s e  o b t a i n e d  f r o m  i n v a s i v e  p r o c e d u r e s  

such a s :  t h e r m a l  d i l u t i o n ,  dye  d i l u t i o n ,  and t h e  F i c k  

p r i n c i p l e .  These s t u d i e s  have  shown v e r y  h i g h  c o r r e l a t i o n s , 

o f t e n  above . 9 0 ,  be tw een  t h e  i n v a s i v e  and n o n i n v a s i v e  

e s t i m a t e s  ( M o h a p a t r a ,  1 9 8 1 ) .  The c o r r e l a t i o n s  a r e  g e n e r a l l y  

h i g h e s t  i n  h e a l t h y  p o p u l a t i o n s .  A m a jo r  l i m i t a t i o n  o f  

im pedance  c a r d i o g r a p h y  t o  some c l i n i c a l  a p p l i c a t i o n s  i s  i t s  

t e n d e n c y  t o  o v e r e s t i m a t e  t h e  s t r o k e  volume and c a r d i a c  

o u t p u t .  A second l i m i t a t i o n  i s  i t s  r e d u ce d  a c c u r a c y  i n  

p a t i e n t s  w i t h  s i g n i f i c a n t  c a r d i a c  p a t h o l o g y .  The use  o f
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impedance c a r d i o g r a p h y  i n  c a r d i o l o g y  has  been l i m i t e d  as  a 

r e s u l t  o f  t h e s e  p r o b le m s .  I t s  p o t e n t i a l  v a l u e  i n  

p s y c h o p h y s io l o g y  has been p r e s e n t e d  by M i l l e r  and H o r v a t h  

( 1 9 7 8 ) .  They made c l e a r  t h e  v a l u e  o f  t h e  t e c h n i q u e  f o r  

n o n i n v a s i v e  measurement o f  i n t r a - s u b j e c t  change as i t  i s  

f r e q u e n t l y  t h e  o b j e c t  o f  much p s y c h o p h y s i o l o g i c a l  r e s e a r c h .  

Fo r  t h i s  r e a s o n  t h e  p r o c e d u r e  seems t o  h o ld  c o n s i d e r a b l e  

p r o m is e  f o r  t h e  i n v e s t i g a t i o n  o f  c a r d i o v a s c u l a r  b e h a v i o r .

R E S F 'O N S E _S P E C IF IC IIY

As A n d re a s s i  ( I 9 6 0 )  has  p o i n t e d  o u t ,  i n d i v i d u a l  

r e s p o n s e  s p e c i f i c i t y  i s  d i f f e r e n t  f ro m  t h e  c o n c e p t  o f  

s t i m u l u s  r e s p o n s e  s p e c i f i c i t y ,  which  r e f e r s  t o  a p a t t e r n i n g  

of  p h y s i o l o g i c a l  re s p o n s e s  a c c o r d i n g  t o  t h e  p a r t i c u l a r  

s t i m u l u s  s i t u a t i o n .  He ( A n d r e a s s i ,  19B0) goes on t o  say  

t h a t  i t  has been d is c u s s e d  i n  t h e  w r i t i n g s  o f  A>: ( 1 9 5 3 ) ,  

Lacey  e t  a l . ( 1 9 5 3 ,  1 9 6 3 ) ,  and Engel  ( 1 9 7 2 ) ,  among o t h e r s .

The c o n c e p t  s t a t e s  t h a t  an i n d i v i d u a l ' s  p a t t e r n s  o f  

p h y s i o l o g i c a l  a c t i v i t y  ( e . g . ,  HR, EM6, SCL, r e s p i r a t i o n ,  and 

b lo o d  p r e s s u r e )  w i l l  be s i m i l a r  i n  a g i v e n  s i t u a t i o n  and 

t h a t  t h e  p a t t e r n  may v a r y  when t h e  s i t u a t i o n  i s  d i f f e r e n t .  

One b a s i c  q u e s t i o n  h e r e  i s  w h e th e r  t h e  p a t t e r n  o f  

p h y s i o l o g i c a l  r e s p o n s e  w i l l  i n d i c a t e  t h e  k in d  o f  e m ot ion  

b e i n g  e x p e r i e n c e d .  O r ,  t o  p u t  i t  a n o t h e r  way,  w i l l  i t  

i n d i c a t e  t h e  p a t t e r n  o f  r e s p o n s e  i n  h a p p in e s s  v e r s u s  

s a d n e s s ,  o r  i n  a n g e r  v e r s u s  f e a r ,  o r  i n  d i s g u s t  v e r s u s  

s u r p r i s e ?  One o f  t h e  f i r s t  i n v e s t i g a t o r s  t o  s t u d y  t h i s
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e x p e r i m e n t a l l y  was Ax ( 1 9 5 3 ) ,  who in d u c e d  f e a r  i n  h i s  43  

s u b j e c t s  by p r e t e n d i n g  t o  a c c i d e n t a l l y  shock them.  Anger  

was p ro d u c e d  i n  t h e  same p e r s o n s  t h r o u g h  i n s u l t s  and 

c r i t i c i s m .  Ax fo u n d  g r e a t e r  i n c r e a s e s  i n  r e s p i r a t i o n  r a t e  

and SCL i n  f e a r  t h a n  i n  a n g e r .  How ever ,  g r e a t e r  i n c r e a s e s  

i n  EMG and d i a s t o l i c  b lo o d  p r e s s u r e ,  b u t  g r e a t e r  d e c r e a s e s  

i n  HR were  o b s e rv e d  i n  a n g er  as  compared t o  f e a r .

V a r i a t i o n s  i n  t h e  s t i m u l u s  s i t u a t i o n  p roduced  d i f f e r e n t  

p a t t e r n s  i n  p h y s i o l o g i c a l  r e s p o n s e s  as  r e p o r t e d  by Lacey  

( 1 9 5 9 ) .  He gave  e xa m p les  o f  s i t u a t i o n s  i n  which  HR showed a 

d e c r e a s e  w h i l e  SCL i n c r e a s e d ,  and i n s t a n c e s  i n  which  t h e y  

changed i n  t h e  same d i r e c t i o n .  The d i v e r g e n t  r e s p o n s e  of  

t h e s e  two measures  was r e f e r r e d  t o  by Lacey  as  d i r e c t i o n a l  

f r a c t i o n a t i o n  o f  r e s p o n s e .  T h i s  t e r m  d e s c r i b e s  s t i m u l u s  

s i t u a t i o n s  i n  which  d i r e c t i o n  o f  change i n  p h y s i o l o g i c a l  

a c t i v i t y  i s  c o n t r a r y  t o  t h e  v ie w  t h a t  ANS r e s p o n s e s  must 

c o - v a r y ,  t h a t  i s ,  e i t h e r  up o r  down, i n  a g i v e n  s t i m u l u s  

s i  t u a t i  o n .

O b r i s t  ( 1 9 7 6 ,  1981) e x p r e s s e s  h i s  g ro w in g  d o u b t s  t h a t  

t h e  c a r d i o v a s c u l a r  sys tem  w i l l  p r o v i d e  us w i t h  v e r y  much 

i n f o r m a t i o n  when used as an in d e x  o f  b e h a v i o r a l  p r o c e s s e s  

such as e m o t i o n ,  m o t i v a t i o n ,  l e a r n i n g ,  o r  a t t e n t i o n ,  which  

a l l  a p p ea r  t o  be more d i r e c t l y  under  t h e  r e a l m  o f  t h e  

c e n t r a l  n e r v o u s  s y s te m .  He p o i n t s  o u t  a f u n d a m e n ta l  

i n a d e q u a c y  i n  our  r e s e a r c h  s t r a t e g y ;  n a m e ly ,  t h e  f a i l u r e  t o  

v ie w  t h e  c a r d i o v a s c u l a r  system  w i t h i n  a more g l o b a l  c o n t e x t



12

•for which  i t  s e r v e s  and ,  as  a r e s u l t ,  an i n d i f f e r e n c e  t o  

e v a l u a t i n g  n e u r o g e n i c  mechanisms o f  c a r d i o v a s c u l a r  c o n t r o l .  

The c a r d i o v a s c u l a r  s ys te m  i s  p r i m a r i l y  i n v o l v e d  as  a m a jo r  

l i f e  s u p p o r t  s ys tem  which  i s  r e g u l a t e d  by i n t r i c a t e  n e u r a l  

and n o n n e u r a l  c o n t r o l  mechanisms. Thus chang es  i n  

c a r d i o v a s c u l a r  f u n c t i o n i n g ,  which  a r e  u n iq u e  t o  e x p e r i m e n t a l  

m a n i p u l a t i o n s ,  must be su p er im p o se d  on t h i s  ba ckground of  

m e t a b o l i c a l 1y r e l e v a n t  a c t i v i t y  ( i . e .  s u p p l y i n g  t i s s u e s  w i t h  

o x y g e n ,  r e m o v in g  w a s t e ,  m a i n t a i n i n g  e l e c t r o l y t e  b a l a n c e ,  

e t c . ) .

The L a c e y s  ( 1 9 5 9 ,  1970) were  among t h e  f i r s t  

i n v e s t i g a t o r s  t o  p o i n t  o u t  t h e  d i f f i c u l t i e s  i n  u s in g  

c a r d i o v a s c u l a r  e v e n t s  as a f f e c t  o r  a r o u s a l  m e t e r s .  They  

c a l l e d  a t t e n t i o n  t o  two t y p e s  o f  o b s e r v a t i o n s .  One has been  

l a b e l e d  a u to n o m ic  r e s p o n s e  s p e c i f i c i t y  o r  i n t e r s t r e s s o r  

s p e c i f i c i t y .  I t  r e f e r s  t o  t h e  d e m o n s t r a t i o n  t h a t  d i f f e r e n t  

a s p e c t s  o f  c a r d i o v a s c u l a r  a c t i v i t y ,  as  w e l l  as  g a l v a n i c  

a c t i v i t y ,  show l i t t l e  c o n s i s t e n c y  when used t o  r a n k  s u b j e c t s  

w i t h  r e s p e c t  t o  t h e  a r o u s a l  v a l u e  o f  s t i m u l i .  A s u b j e c t  

c o n s i d e r e d  h i g h l y  a ro u s e d  by a s t i m u l u s  a c c o r d i n g  t o  one  

measure  o f  a u to n o m ic  a c t i v i t y  may n o t  be c o n s i d e r e d  

p a r t i c u l a r l y  a ro u s e d  by a n o t h e r  m e as ure .  The second  

o b s e r v a t i o n  has  been r e f e r r e d  t o  as  d i r e c t i o n a l  

f r a c t i o n a t i o n .  R e p o r t s  have  i l l u s t r a t e d  t h a t  some 

a u t o n o m i c - l i k e  a c t i v i t y  (SCL) e v i d e n c e  s y m p a t h e t i c - l i k e  

changes  t o  m o t i v a t i o n a l l y  o r  e m o t i o n a l l y  s i g n i f i c a n t  e v e n t s ,
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w h i l e  o t h e r  m e a s u r e s ,  l i k e  h e a r t  r a t e ,  e v i d e n c e  

p a r a s y m p a t h e t i c - l i k e  c h a n g e s ,  such as  d e c r e a s e s  i n  h e a r t  

r a t e .  La ce y  a l s o  p o i n t e d  o u t  t h a t  f r a c t i o n a t i o n  can o c c u r  

even w i t h  a s i n g l e  measure  l i k e  h e a r t  r a t e .  Ta sk s  which  

f o c u s  a t t e n t i o n  on e x t e r n a l  e v e n t s  ( i . e .  l i s t e n i n g  t o  a 

d r a m a t i c  p ass ag e  r e c i t e d  by a p r o f e s s i o n a l  a c t o r )  commonly 

r e s u l t e d  i n  h e a r t  r a t e  d e c e l e r a t i o n ,  w h i l e  t a s k s  w hich  f o c u s  

a t t e n t i o n  on i n t e r n a l  e v e n t s  ( i . e .  s o l v i n g  m e n ta l  a r i t h m e t i c  

p r o b le m s )  r e s u l t e d  i n  h e a r t  r a t e  a c c e l e r a t i o n .

□ b r i s t ' s  (1 9 7 0 )  work on c a r d i a c - s o m a t i c  i n t e r a c t i o n  has  

l e d  t o  s e v e r a l  i n t e r e s t i n g  h y p o th e s e s  a b o u t  t h e  r e l a t i o n s h i p  

be tw ee n  t h e  c a r d i o v a s c u l a r  s ys tem  and b e h a v i o r a l  p r o c e s s e s .  

In  h i s  c a r d i a c - s o m a t i c  c o u p l i n g  h y p o t h e s i s ,  c a r d i a c  r e s p o n s e  

c hang es  a r e  seen as  f a c i l i t a t i n g  t h e  p r e p a r a t i o n  f o r ,  and 

p e r f o r m a n c e  o f ,  a b e h a v i o r a l  r e s p o n s e .  A c o u p l i n g  between  

h e a r t  r a t e  and s o m a t ic  a c t i v i t y  was d e m o n s t r a t e d  by s e v e r a l  

r e s e a r c h e r s  ( R o b e r t s  and Young 1971; B la c k  and D e To led o  

1 9 7 2 ,  e t c ) .

More r e c e n t l y  O b r i s t  (19B2) p o i n t s  o u t  s e v e r a l  p ro b le m s  

w i t h  an i n d e x i n g  a p p ro ac h  t h a t  r e s e a r c h e r s  s h o u ld  be aware  

o f  i n  s u p p o r t i n g  t h e  c a r d i a c - s o m a t i c  c o u p l i n g  h y p o t h e s i s .

He p o i n t s  o u t  t h a t  i f  we a c c e p t  t h e  a s s u m p t io n  (Malmo, 1959)  

t h a t  h e a r t  r a t e  i n c r e a s e s  r e f l e c t  i n c r e a s e d  a r o u s a l ,  th e n  

t h o s e  t a s k s  and c o n d i t i o n s  r e s u l t i n g  i n  a d e c r e a s e  i n  h e a r t  

r a t e  r e f l e c t e d  a d e c r e a s e  i n  a r o u s a l ,  wh ich  d o e s n ' t .  a p p e a r  

t o  be t h e  c as e  i n  a n t i c i p a t o r y  h e a r t  r a t e  changes  d u r i n g
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a d v e r s i v e  c o n d i t i o n i n g  i n  humans. The s i t u a t i o n  becomes  

more d i f f u s e  when c o n s i d e r i n g  s p e c i e s  d i f f e r e n c e s ,  f o r ,  i n  

dogs (Dykman, G a n t t ,  8< W h i t e h o r n ,  1956) a n t i c i p a t o r y  

r e s p o n s e  r e s u l t e d  i n  h e a r t  r a t e  i n c r e a s e s .  T h i s  would  

s u g g e s t  t h a t  humans and dog have  d i f f e r e n t  a r o u s a l  o r  

a f f e c t i v e  s t a t e s  as  t h e y  r e a d y  t h e m s e l v e s  f o r  a s h o c k .  T h i s  

i s  c o n c e i v a b l e ,  b u t  O b r i s t  p o i n t s  o u t  t h a t  c a t s  and r a b b i t s  

show h e a r t  r a t e  d e c e l e r a t i o n ,  w h i l e  monkeys a c c e l e r a t e  

t h e i r s .  And i n t e r e s t i n g l y ,  r a t s  and s e v e r a l  s p e c i e s  o f  

d e s e r t  r o d e n t s  e v i d e n c e  b o th  a n t i c i p a t o r y  i n c r e a s e s  and 

d e c r e a s e s  i n  h e a r t  r a t e .  I n  r e v i e w i n g  t h e  l i t e r a t u r e  

c o n c e r n i n g  t o n i c  h e a r t  r a t e  s t u d i e s ,  E l l i o t t  <1974)  

c o n c lu d e d  t h a t  t h e r e  i s  no o b v io u s  mandate  i n  e v i d e n c e  f o r  

u s i n g  h e a r t  r a t e  t o  measure  complex v a r i a b l e s  i n  s o c i a l  

p s y c h o lo g y  and p e r s o n a l i t y .

O b r i s t  and t h e  L a c e y s  a p p ea r  t o  have  v a l i d  o b j e c t i o n  t o  

t h e  use o f  t r a d i t i o n a l  h e a r t  a c t i v i t y  m easures  i n  b e h a v i o r a l  

s i t u a t i o n s .  Thus ,  t h i s  makes i t  more i m p e r a t i v e  t h a t  o t h e r  

i n d i c e s  o f  c a r d i o v a s c u l a r  a c t i v i t y ,  such as  t h o s e  measured  

by impedance  c a r d i o g r a p h y ,  be a ss e ss e d  f o r  use i n  

p s y c h o p h y s i o l o g i c a l  s t u d i e s .

H i s t o r i c a l l y ,  p s y c h o p h y s i o l o g i c a l  p r o f i l e s  w ere  

d e v e lo p e d  t o  d e t e r m i n e  c h a r a c t e r i s t i c  re s p o n s e  p a t t e r n s  t o  

p s y c h o l o g i c a l  and p h y s i c a l  s t r e s s o r s .  Cannon (1 9 3 7 )
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s u g g e s te d  tha t ,  t h e  f i g h t  o r  f l i g h t  r e s p o n s e  was an emergency  

p a t t e r n  o f  p h y s i o l o g i c a l  c hang es  t o  p e r c e i v e d  p s y c h o l o g i c a l  

o r  p h y s i c a l  t h r e a t s .  A c t u a l  p r o f i l e s  r e f l e c t i n g  

c a r d i o v a s c u l a r  c hang es  d a t e  back t o  P a lm er  ( 1 9 3 7 ) ,  who 

p e r f o r m e d  s t u d i e s  d e a l i n g  w i t h  s t r e s s  and h y p e r t e n s i o n .  In  

u s i n g  t h e  c o l d  p r e s s o r  t e s t ,  he c o n c lu d e d  t h a t  h y p e r t e n s i o n  

i s  t h e  r e s u l t  o f  a c h r o n i c  emergency  r e s p o n s e .  C r a n s to n  e t  

a l . ,  (1 9 4 5 )  combined t h e  c o l d  p r e s s o r  t e s t  w i t h  a s t r e s s f u l

i n t e r v i e w  and d e m o n s t r a t e d  t h a t  t h e r e  was an i n t e r a c t i v e  

p o t e n t i a t i o n  i n  b lo o d  p r e s s u r e  be tw een  two a d j a c e n t  

s t r e s s o r s .  In  1 9 6 2 ,  H a rb u rg  fo u n d  t h a t  i n c r e a s e d  d i a s t o l i c  

l e v e l s  i n  r e s p o n s e  t o  t h e  c o l d  p r e s s o r  t e s t  w ere  a s s o c i a t e d  

w i t h  h i g h e r  h o s t i l i t y  i n  c o l l e g e  m a le s .  B lood  p r e s s u r e  

r e a c t i v i t y  t o  p o s s i b l e  s t r e s s o r s  o t h e r  t h a n  t h e  c o l d  

p r e s s o r ,  ( e . g . ,  d re am s ,  m u s ic ,  i n t e r v i e w s ,  t e s t i n g  

s i t u a t i o n s  and lo u d  sounds ,  L o v e l l ,  1941)  has  a l s o  been  

i n v e s t i g a t e d .  T h i s  s t u d y  w i l l  i n v e s t i g a t e  p h y s i o l g i c a l  

r e a c t i v i t y  i n  r e s p o n s e  t o  m u l t i c o n d i t i o n  p s y c h o p h y s io l o g c a l  

s t r e s s  t e s t s  t h a t  employ b o th  a p s y c h o l i g i c a l  and two  

p h y s i c a l  s t r e s s o r s .

CARDigVASCLJLAR_SIRESSORS

A p s y c h o l o g i c a l  s t r e s s o r  t h a t  i s  b e in g  i n c r e a s i n g l y  

used i n  e v a l u a t i o n s  i s  t h e  IQ Q u iz  d e v e lo p e d  by S c h i f f e r  e t  

a l . (1 9 7 6 )  f o r  t e s t i n g  c a r d i o v a s c u l a r  r e s p o n s e s  t o  s t r e s s .

I t  i s  a t a p e  r e c o r d e d  q u iz  t h a t  i s  d e s ig n e d  t o  i n c r e a s e  t h e
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s u b j e c t ' s  a n x i e t y  by i n c r e a s i n g  t h e  d i f f i c u l t y  o f  q u e s t i o n s  

u n de r  a t i m e  p r e s s u r e .  In  t h e  i n i t i a l  s t u d y ,  i t  was found  

t o  be an e f f e c t i v e  p s c y h o l o g i c a l  s t r e s s o r  i n  h y p e r t e n s i v e  

and a n g i n a  p o p u l a t i o n s .  Those s u b j e c t s  w i t h  e x i s t i n g  

c a r d i o v a s c u l a r  d i s o r d e r s  re sp o n d ed  t o  t h e  q u i z  more s t r o n g l y  

compared t o  n o r m a ls ,  as  i s  e v id e n c e d  by e l e v a t e d  h e a r t  r a t e ,  

b lo o d  p r e s s u r e  and d e p r e s s i o n  o f  S - T  segm ents .

The 5 wave i s  caused by c u r r e n t s  g e n e r a t e d  i n  t h e  

v e n t r i c l e s  as  t h e y  d e p o l a r i z e  p r i o r  t o  c o n t r a c t i o n .  The T 

wave i s  caused by c u r r e n t s  g e n e r a t e d  upon v e n t r i c u l a r  

r e c o v e r y  f ro m  a s t a t e  o f  d e p o l a r i z a t i o n  (G u y to n ,  1 9 8 1 ) .  

E l l e s t a d  (1 9 8 0 )  d e f i n e s  t h e  S -T  d e p r e s s i o n  as r e s u l t i n g  f ro m  

i n c r e a s e d  m y o c a r d ia l  oxygen demands e x c e e d i n g  oxygen  

p e r f u s i o n  a b i l i t i e s  o f  t h e  c o r o n a r y  a r t e r i e s .  Thus ,  t h e  

mechanism r e s p o n s i b l e  f o r  c a r d i a c  c o n t r a c t i o n  i s  a l t e r e d  

c a u s i n g  a f a i l u r e  t o  pump c a l c i u m  o u t  o f  t h e  c e l l  an d ,  as  a 

r e s u l t ,  d e c r e a s e s  r e l a x a t i o n  t i m e  r e m a i n i n g  d u r i n g  

d i a s t o l e .  The i n c o m p l e t e l y  r e l a x e d  m uscle  i s  s t i f f e r  and 

l e s s  c o m p l i a n t .  T h i s  r e d u c t i o n  i n  c o m p l i a n c e ,  a lo n g  w i t h  

i n c r e a s e s  i n  t h e  r a t e  o f  i n f l o w  i n t o  t h e  v e n t r i c l e s  d u r i n g  

e x e r c i s e ,  a p p l i e s  a g r e a t e r  p r e s s u r e  t o  t h e  l a y e r s  o f  t i s s u e  

o f  t h e  myocard ium.  T h i s  n o t  o n l y  f u r t h e r  i n h i b i t s  c o r o n a r y  

b lo o d  f l o w  between  m y o c a r d i a l  l a y e r s  b u t  a c c e l e r a t e s  t h e  

r e d u c t i o n  i n  t o t a l  m y o c a r d i a l  p e r f u s i o n  and p ro d u c e s  a 

c h a r a c t e r i s t i c  S -T  segment d e p r e s s i o n .

The c o l d  p r e s s o r  t e s t  i s  one o f  t h e  most common
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p h y s i c a l  s t r e s s o r s  used c o n s i s t e n t l y  t h r o u g h o u t  many 

p s y c h o p h y s i o l o g i c a l  s t u d i e s .  The t e s t  c o n s i s t s  o f  t h e  

im m ers io n  o f  one hand i n t o  a b u c k e t  o f  i c e  w a t e r  f o r  a s e t  

p e r i o d  o f  t i m e .  T h i s  e l i c i t s  p h y s i o l o g i c a l  re s p o n s e s  t h a t  

a r e  p r e d i c t a b l e  even i n  a t e s t / r e t e s t  p a ra d ig m  ( H i l g a r d  

1 9 7 5 ) .  V a l i d a t i o n  o f  t h e  c o l d  p r e s s o r  t e s t ' s  adequ acy  as  a 

r e l i a b l e  c a r d i o v a s c u l a r  s t r e s s o r  was d e m o n s t r a t e d  by Keyes  

( 1 9 7 1 ) .  I n  a 23  y e a r  l o n g i t u d i n a l  s t u d y ,  he d e t e r m in e d  t h a t  

t h e  b lo o d  p r e s s u r e  r e s p o n s e  t o  t h e  c o l d  p r e s s o r  t e s t  had 

m a jo r  p r e d i c t i v e  power r e g a r d i n g  e v e n t u a l  m y o c a r d i a l  

i  n f a r c t i  o n .

5YNAMIC_EXERCISE

U s ing  p h y s i c a l  e x e r c i s e  as  a s t a n d a r d  s t r e s s o r  can be  

c r e d i t e d  t o  F e i 1 and S i e g a l  (192B) who e x e r c i s e d  p a t i e n t s  

w i t h  known a n g in a  t o  b r i n g  ab o u t  p a i n  and c o n c u r r e n t  S - T  and 

T wave changes  i n  t h e  ECG. A r e v i e w  o f  t h e  mechanisms  

l e a d i n g  t o  changes  i n  c a r d i a c  o u t p u t  and o t h e r  c i r c u l a t o r y  

a d a p t a t i o n s  a s s o c i a t e d  w i t h  e x e r c i s e  w i l l  be h e l p f u l  f o r  

making d i f f e r e n t i a l  c o m p a r is o n s  w i t h  n o n - p h y s i c a l  s t r e s s .  

V a r i o u s  f a c t o r s  i n c l u d i n g  venous t o n e ,  body p o s i t i o n ,  b lo o d  

volume and d e p th  o f  r e s p i r a t i o n  c o n t r o l  t h e  i n p u t  t o  t h e  

h e a r t .  The h e a r t  re s p o n d s  by pumping i n t o  t h e  a r t e r i a l  

c i r c u l a t i o n  any volume d e l i v e r e d  f r o m  t h e  venous s i d e .  The  

amount p e r  b e a t  i n  m i l l i l i t e r s  i s  c a l l e d  t h e  s t r o k e  vo lum e.  

T o t a l  c a r d i a c  o u t p u t  (measured i n  l i t e r s  p e r  m in u t e )  i s  

s t r o k e  volume m u l t i p l i e d  by h e a r t  r a t e .
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When e x e r c i s e  b e g i n s ,  a r a t h e r  complex s e t  o f  e v e n t s  

can be measured t h a t  s e t s  t h e  s t a g e  f o r  e v e n t s  t h a t  f o l l o w .  

P r o b a b l y  t h e  f i r s t  i s  t h e  i n c r e a s e  i n  venous t o n e ,  which  i s  

m e d ia t e d  by au to n o m ic  r e f l e x e s .  T h i s  s q u e e z e s  t h e  b lo o d  

f ro m  t h e  l a r g e  v e i n s  i n t o  t h e  r i g h t  s i d e  o f  t h e  h e a r t ,  t h u s  

r a i s i n g  c a r d i a c  o u t p u t .  T h i s  i n c r e a s e  i n  venous f l o w  

i n c r e a s e s  s t r o k e  vo lume which  l e v e l s  o f f  somewhat s h o r t  o f  

t h e  maximal pumping c a p a c i t y  ( S h e f f i e l d  1 9 6 5 ) .  As more 

b lo o d  e n t e r s  t h e  h e a r t  d u r i n g  each d i a s t o l i c  i n t e r v a l ,  t h e  

m uscle  i s  s u b j e c t e d  t o  more s t r e t c h  w h ic h ,  based on 

S t a r l i n g ' s  l a w ,  w i l l  i n c r e a s e  t h e  f o r c e  o f  c o n t r a c t i o n .  

D u r in g  t h i s  p r o c e s s  n o t  o n l y  i s  more e n e r g y  e x p e n d e d ,  b u t  

i n c r e a s e d  f i b e r  l e n g t h  r e s u l t s  i n  a l a r g e r  s t r o k e  v o lu m e ,  

a l l  o t h e r  f a c t o r s  b e i n g  s t a b l e .

C i r c u l a t i n g  c a t a c h o l a m i n e s  e x e r t  t h e  most i m p o r t a n t  

i n f l u e n c e  f o r  t h e y  s t i m u l a t e  t h e  p r o d u c t i o n  o f  a d e n y l  

c y c l a s e  w h ic h ,  i n  t u r n ,  i n c r e a s e s  t h e  r e l e a s e  o f  a d e n s o s in e  

t r i p h o s p h a t e ,  t h e  f o r c e  o f  c o n t r a c t i l i t y  and t h e  h e a r t  r a t e .  

A n o t h e r  f a c t o r  i s  t h e  r e s i s t a n c e  i n  t h e  v a s c u l a r  bed t h r o u g h  

w hich  t h e  h e a r t  must pump. The r e s i s t a n c e  i n  t h e  l u n g s  i s  

so low t h a t  i n  a h e a l t h y  i n d i v i d u a l  i t  p l a y s  a v e r y  m inor  

r o l e  as  a l i m i t i n g  f a c t o r  i n  e x e r c i s e .  The r e s i s t a n c e  i n  

t h e  s y s t e m ic  c i r c u i t ,  as  measured by b lo o d  p r e s s u r e  i s  

e x t r e m e l y  i m p o r t a n t .  I n  t h e  normal s u b j e c t ,  t h e  h e a r t  

d e c r e a s e s  i t s  r e s i s t a n c e  t o  b lo o d  f l o w  as  e x e r c i s e  . 

p r o g r e s s e s .  T h i s  may n o t  be i n t u i t i v e l y  o b v io u s  t o  someone



19

m e as u r in g  b lo o d  p r e s s u r e  d u r i n g  e x e r c i s e  beca use  i t  u s u a l l y  

r i s e s .  R e s i s t a n c e  i s  t h e  p r o d u c t  o f  b lo o d  f l o w  m u l i p l i e d  by  

b lo o d  p r e s s u r e .  When t h e  h e a r t  pumps more b l o o d ,  c a r d i a c  

o u t p u t  u s u a l l y  i n c r e a s e s  more t h a n  t h e  r e s i s t a n c e  d r o p s ,  

t h e r e f o r e ,  t h e r e  i s  a modest i n c r e a s e  i n  s y s t o l i c  b lo o d  

p r e s s u r e  d u r i n g  e x e r c i s e  i n  most s u b j e c t s .

H e a r t  r a t e  i s  t h e  r e s u l t  o f  a number o f  p h y s i c a l  and 

e m o t i o n a l  i n f l u e n c e s  t h a t  a r e  m e d ia te d  th r o u g h  t h e  au tonom ic  

n e r v o u s  s ys te m .  T hese  i n c l u d e  e x c i t e m e n t ,  f e a r ,  

a n t i c i p a t i o n ,  t e m p e r a t u r e  a l t e r a t i o n s ,  r e s p i r a t o r y  maneuvers  

and p h y s i c a l  work .  At t h e  o n s e t  o f  e x e r c i s e ,  t h e  h e a r t  r a t e  

has been shown t o  i n c r e a s e  w i t h i n  0 . 5  seconds ( P e t r o  1 9 7 0 ) ,  

which i s  p r o b a b l y  s e c o n d a r y  t o  an a b r u p t  i n h i b i t i o n  o f  a 

s i g n i f i c a n t  p o r t i o n  o f  v a g a l  t o n i n g .  An i n t e r e s t i n g  

s a w to o th  e f f e c t  i n  h e a r t  r a t e  has been d e s c r i b e d  i n  t h e  

f i r s t  few  seconds o f  e x e r c i s e  <Fagaeus 1976) s u g g e s t i n g  t h a t  

t h e  ANS i s  t r y i n g  t o  e s t a b l i s h  a p r o p e r  b a l a n c e .

The p e r i p h e r a l  e f f e c t s  o f  e x e r c i s e  a r e  a l s o  q u i t e  

e x t e n s i v e  and need t o  be a d d r e s s e d .  D u r in g  e x e r c i s e ,  t h e  

s k i n ' s  b lo o d  f l o w  i n c r e a s e s  and t h e  s w e a t i n g  mechanism,  

which l e a d s  t o  i n c r e a s e d  v a p o r i z a t i o n ,  becomes t h e  most  

i m p o r t a n t  mechanism i n  h e a t  l o s s .  M u s c le  t e m p e r a t u r e s  have  

been r e c o r d e d  as h i g h  as  109 d e g r e e s .  A c o l d  e n v i r o n m e n t  

p r o d u c in g  l o c a l  v a s o c o n s t r i c t i o n  an d ,  t h e r e f o r e ,  an i n c r e a s e  

o f  p e r i p h e r a l  r e s i s t a n c e ,  w i l l  i n c r e a s e  c a r d i a c  w ork ,
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h o w e v e r ,  as  t h e  work l o a d  i n c r e a s e s ,  t h i s  e f f e c t  i s  

m i n i m iz e d  ( E l l e s t a d  1 9 8 4 ) .

From t h e  above d i s c u s s i o n  o f  t e m p e r a t u r e ,  i t  becomes  

o b v i o u s  t h a t  t h e  f a c i l i t y  t o  s e l e c t i v e l y  c o n s t r i c t  c e r t a i n  

v a s c u l a r  beds  and p r e f e r e n t i a l l y  s h u n t  t h e  b lo o d  t o  t h e  

a r e a s  o f  i n c r e a s e d  u t i l i z a t i o n  i s  e s s e n t i a l  i n  a d j u s t i n g  t o  

e x e r c i s e .  W i th  s t r e n u o u s  e x e r t i o n ,  t h e  s p l a n c h n i c  f l o w  

( h e p a t i c ,  v i s c e r a l ,  and r e n a l )  d ro p s  t o  a b o u t  20’/. o f  c o n t r o l  

w i t h i n  3 - 4  m in u t e s  a f t e r  e x e r c i s e  i s  i n i a t i a t e d  as  more 

b lo o d  i s  d i v e r t e d  t o  t h e  s k i n  and w o r k in g  m u s c le s  (Bergman  

1 9 7 3 ) .  T h i s  d e l a y  e x p l a i n s  why warm-up i s  e s s e n t i a l  f o r  

optimum p e r f o r m a n c e .

CORONARY_PRDNE_BEHAVIDR

F r ie d m a n  and Rosenman (1 9 6 9 )  d e f i n e d  Type  A o r  c o r o n a r y  

p ro n e  b e h a v i o r  as a c h a r a c t e r i s t i c  a c t i o n - e m o t i o n  complex  

which  i s  e x h i b i t e d  by t h o s e  i n d i v i d u a l s  who a r e  engaged i n  a 

r e l a t i v e l y  c h r o n i c  s t r u g g l e  t o  o b t a i n  an u n l i m i t e d  number o f  

p o o r l y  d e f i n e d  t h i n g s  f ro m  t h e i r  e n v i r o n m e n t  i n  t h e  s h o r t e s t  

p e r i o d  o f  t i m e ,  a n d ,  i f  n e c e s s a r y ,  a g a i n s t  t h e  opp o s in g  

e f f o r t s  o f  o t h e r  t h i n g s  o r  p e r s o n s  i n  t h e i r  dame 

e n v i r o n m e n t .  More r e c e n t l y ,  Rosenmen (1 9 7 8 )  has  a s s e r t e d  

t h a t  t h e  most c r i t i c a l  a s p e c t s  o f  Type A b e h a v i o r  i s  t h e  

e x c e s s e s  o f  a g g r e s s i o n ,  h u r r y ,  and c o m p e t i t i v e n e s s  

e x p e r i e n c e d  i n  t r y i n g  t o  overcome e n v i r o n m e n t a l  b a r r i e r s .  

Type B b e h a v i o r  would  t h e n  be a l a c k  o f  Type  A
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c h a r a c t e r ! s t i  c s .

J e n k i n s  (1 9 7 5 )  s t a t e d  t h a t  t h e  Type A b e h a v i o r  p a t t e r n  

i s  c o n s i d e r e d  t o  be an o v e r t  b e h a v i o r a l  syndrome o r  s t y l e  o f  

l i v i n g  c h a r a c t e r i z e d  by e x t r e m e s  o f  c o m p e t i t i v e n e s s ,  

s t r i v i n g  f o r  a c h i e v e m e n t ,  a g g r e s s i v e n e s s ,  h a s t e ,  i m p a t i e n c e ,  

r e s t l e s s n e s s ,  h y p e r a l e r t n e s s , e x p l o s i v e n e s s  o f  s p e e c h ,  

t e n s e n e s s  o f  f a c i a l  m u s c le s ,  and f e e l i n g s  o f  b e i n g  under  

t i m e  p r e s s u r e  and u n d e r  t h e  c h a l l e n g e  o f  r e s p o n s i b i l i t y .  

P e r s o n s  h a v in g  t h i s  p a t t e r n  a r e  o f t e n  so d e e p l y  c o m m it te d  t o  

t h e i r  v o c a t i o n  o r  p r o f e s s i o n  t h a t  o t h e r  a s p e c t s  o f  t h e i r  

l i v e s  a r e  r e l a t i v e l y  n e g l e c t e d .

MEASyRES_DF_IYPE_A_BEHAVigR

T h r e e  measures  o f  P a t t e r n  A have  been r e l a t e d  

p r o s p e c t i v e l y  t o  c o r o n a r y  h e a r t  d is e a s e s  t h e  S t r u c t u r e d  

I n t e r v i e w  (Rosenman e t  a l . 1 9 7 5 ) ,  t h e  J e n k i n s  A c t i v i t y  

S u r v e y  ( J e n k i n s ,  Rosenman 8< A y a n s k i , 1974; J e n k i n s ,  Zy an s k i  , 

8< Rosenman, 1 9 7 1 ) ;  and t h e  Framingham Type A s c a l e  (H a y n e s ,  

F e i n l e i b ,  8< Kannel , 1 9 B 0 ) .

The S t r u c t u r e d  I n t e r v i e w  ( S I )  c o n t a i n s  a p p r o x i m a t e l y  

25  q u e s t i o n s  i n  w h ich  i n d i v i d u a l s  a r e  asked  a b o u t  t h e i r  

c h a r a c t e r i s t i c  way o f  r e s p o n d in g  t o  a v a r i e t y  o f  s i t u a t i o n s  

t h a t  c o u ld  e l i c i t  i m p a t i e n c e ,  h o s t i l i t y ,  and c o m p e t i t i v e n e s s  

( F r e i d m a n ,  1 9 7 B ) . Some q u e s t i o n s  a r e  d e l i b e r a t e l y  p r e s e n t e d  

i n  such a way as t o  e l i c i t  a s t y l e  o f  speech t h a t  i s  

c o n s i d e r e d  i n d i c a t i v e  o f  c o r o n a r y  p ro n e  b e h a v i o r .
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The Framingham Type A s c a l e  i s  a s e l f - r e p o r t  measure  

t h a t  c o n t a i n s  10 i t e m s  t h a t  a s s e s s  t h e  i n d i v i d u a l ' s  

c o m p e t i t i v e  d r i v e ,  s en s e  o f  t i m e  u r g e n c y ,  and p e r c e p t i o n  o f  

j o b  p r e s s u r e s  (H a y n e s ,  L e v i n e ,  S c o t c h ,  F e i n l e i b ,  S< Kannel , 

1 9 7 8 ) .

The J e n k i n s  A c t i v i t y  S u rv e y  ( J A S ) , Form C, i s  a 

s e l f - r e p o r t  m u l t i p l e - c h o i c e  q u e s t i o n n a i r e  o f  52  i t e m s  

d e s ig n e d  t o  measure  t h e  Type A b e h a v i o r  p a t t e r n  fou n d  t o  be  

s t r o n g l y  a s s o c i a t e d  w i t h  t h e  i n c r e a s e d  r i s k  o f  d e v e l o p i n g  

c o r o n a r y  a r t e r y  d i s e a s e .  The t e s t  i s  s c o r e d  on f o u r  s c a l e s :  

t h e  Type A s c a l e ,  which  a s s e s s e s  t h e  m u l t i f a c t o r i a l  c l i n i c a l  

c o n s t r u c t  o f  t h e  c o r o n a r y  p ro n e  b e h a v i o r  p a t t e r n ,  Type A; 

and t h r e e  f a c t o r i a l l y  in d e p e n d e n t  components o f  t h i s  b r o a d e r  

c o n s t r u c t :  Speed and I m p a t i e n c e  ( S ) , Job In v o lv e m e n t  < J ) , 

and Hard D r i v i n g  and C o m p e t i t i v e  <H ) .

IY£§_6_!!!iASyREMENT_VALIDITY

C o r r e l a t i o n s  o f  Type A b e h a v i o r  w i t h  t h e  r a t e  o f  

c o r o n a r y  h e a r t  d i s e a s e  h ave  been e s t a b l i s h e d  i n  s e v e r a l  

r e t r o s p e c t i v e  and p r o s p e c t i v e  s t u d i e s .  S t r o n g  r e l a t i o n s h i p s  

ha ve  been d e m o n s t r a t e d  be tw een  Type A l e v e l s  and some CHD 

p r e c u r s o r s  such as  serum c h o l e s t e r o l  l e v e l ,  c a t a c h o l a m i n e  

b lo o d  l e v e l s  and b lo o d  c l o t t i n g  ( F r e id m a n ,  B y e r s ,  D iam ant  & 

Rosenman, 1 9 7 5 ) .  One l a r g e  p r o s p e c t i v e  r e s e a r c h  p r o j e c t ,  

t h e  W es te rn  C o l l a b o r a t i v e  Group S tu d y  (WCGS), c a r r i e d  out  

o v e r  an B . 5  y e a r  p e r i o d  w i t h  o v e r  3 , 0 0 0  men, fo und  t h a t
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i n d i v i d u a l s  w i t h  h i g h  Type A s c o r e s  a t  t h e  b e g i n n i n g  o f  t h e  

s t u d y  had n e a r l y  d o u b l e  t h e  r i s k  o f  e v e n t u a l  CHD (Rosenman,  

e t  a l . 1 9 7 6 ) .  The m e d i a t i n g  mechanisms d i d  n o t  a p p e a r  t o  be  

e x c l u s i v e l y  p h y s i o l o g i c a l  f a c t o r s ,  such as  serum c h o l e s t e r o l  

o r  serum l i p i d s .  The Type A p a t t e r n  a p p e a re d  t o  have  an 

i n f l u e n c e  in d e p e n d e n t  of  a l l  o t h e r  f a c t o r s ,  c o r r e l a t i n g  w i t h  

an a lm o s t  t w o - f o l d  t h e  r i s k  o f  c o r o n a r y  b re akdow n.  S t u d i e s  

such as  t h i s  a r e  s t r o n g  s u p p o r t  f o r  a c c e p t i n g  Type A t e s t s  

as p r e d i c t i v e .

I t  i s  known t h a t  t h e  Type A b e h a v i o r  p a t t e r n  i s  

a s s o c i a t e d  w i t h  i n c r e a s e s  i n  c a t e c h o l a m i n e s ,  c o r t i s o l  and 

b lo o d  l i p i d s .  In  c o m b i n a t io n  w i t h  t h e  common s t r e s s  

re s p o n s e s  of  i n c r e a s e d  t i s s u e  oxygen demand, h e a r t  r a t e  and 

b lo o d  p r e s s u r e ,  t h e  t o t a l  p h y s i o l o g i c a l  t r e n d  l e a d s  

u l t i m a t e l y  t o  a r t e r i a l  i n j u r y ,  a t h e r s c l e r o s i s ,  and damage t o  

t h e  myocardium ( W i l l i a m s ,  1 9 7 5 ) .

I t  i s  i m p o r t a n t  t o  keep i n  mind t h a t  Type A measures  

a ppea r  t o  be v a l i d  and r e l i a b l e ,  h o w e v e r ,  t h e  a s s o c i a t i o n  

b etw een  them l e a d s  one t o  b e l i e v e  t h a t  t h e y  a r e  m easu r in g  

d i f f e r e n t  c o n s t r u c t s  (M at th ew s  1 9 8 2 ) .  The JAS and S I  a r e  i n  

a g ree m e n t  when c l a s s i f y i n g  Type A and B b e h a v i o r  o n l y  60-70"/. 

o f  t h e  t i m e  w h e re a s ,  by c h a n c e ,  t h e y  would  be i n  agreem ent  

a t  l e a s t  507. o f  t h e  t i m e  (H a y n e s ,  L e v i n e ,  S c o t c h ,  F e i n l e i b ,

8< Kannel , 1 9 7 8 ) .  Thus i t  i s  i n c o r r e c t  t o  assume t h a t  t h e  

v a r i o u s  i n s t r u m e n t s  used t o  measure Type  A c h a r a c t e r i s t i c s  

a r e  a s s e s s i n g  t h e  same a s p e c t s  o f  c o r o n a r y  p ro n e  b e h a v i o r



24

and may, i n  f a c t ,  be d e m o n s t r a t i n g  m in im a l  o v e r l a p .

More r e c e n t l y ,  Lane e t  a l . ,  (19B4) p r e s e n t e d  e v i d e n c e  

a s s e s s i n g  p h y s i o l o g i c a l  r e s p o n s e s  t h a t  d i f f e r e n t i a t e d  Type A 

women and men as  measured by t h e  JAS. I n  h i s  s t u d y  Type A 

s u b j e c t s  were  g i v e n  an a r i t h m e t i c  t a s k .  Fem ale  s u b j e c t s  

resp o n d ed  w i t h  i n c r e a s e s  i n  HR, b lo o d  p r e s s u r e  and f o r e a r m  

b lo o d  f l o w  w i t h  no change  i n  f o r e a r m  v a s c u l a r  r e s i s t a n c e ,  

w h i l e  ma les  had s i g n i f i c a n t  d e c r e a s e s  i n  f o r e a r m  v a s c u l a r  

r e s i s t a n c e .  I t  was a l s o  n o te d  t h a t  w i t h i n  t h e i r  f e m a le  

s u b j e c t  p o p u l a t i o n  t h e r e  was a group o f  s u b j e c t s  t h a t  

d e m o n s t r a t e d  an i n t e r a c t i o n  e f f e c t  be tw een  a f a m i l y  h i s t o r y  

o f  h y p e r t e n s i o n  and h y p e r - r e s p o n s i v e n e s s  t o  t h e  t a s k .

PyRPOSE_AND_MAJgR_HYPgiHESES

The pu rp o s e  o f  t h i s  r e s e a r c h  i s  t w o - f o l d .  F i r s t ,  i t  i s  

t o  exa m ine  t h e  c a r d i o v a s c u l a r  re s p o n s e s  t o  dynamic  e x e r c i s e  

s t r e s s  a l o n e  and i n  c o m b i n a t io n  w i t h  p s y c h o l o g i c a l  and c o l d  

p r e s s o r  s t r e s s o r s .  The use o f  impedance  c a r d i o g r a p h y  w i l l  

a l l o w  us t o  measure  s t r o k e  v o lu m e ,  c a r d i a c  o u t p u t ,  

c o n t r a c t i l i t y ,  and t o t a l  p e r i p h e r a l  r e s i s t a n c e  i n  a d d i t i o n  

t o  t h e  more t r a d i t i o n a l  measure  o f  h e a r t  r a t e .  B lood  

p r e s s u r e  and p e r i p h e r a l  s k i n  t e m p e r a t u r e  w i l l  a l s o  be  

m o n i t o r e d .  Thus ,  does e x e r c i s e  a t t e n u a t e  o r  p o t e n t i a t e  t h e  

p h y s i o l o g i c a l  r e s p o n s e  p a t t e r n i n g  when i n  c o m b i n a t io n  w i t h  

p s y c h o l o g i c a l  ( c o g n i t i v e )  o r  p h y s i c a l  ( c o l d  p r e s s o r )  

s t r e s s o r s ?
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The second p u rp o s e  o-f t h i s  s t u d y  i s  t o  e x a m in e  t h e  

r e l a t i o n s h i p < s )  be tw een  p e r s o n a l i t y  ( b e h a v i o r a l )  

m easurem ents  a s s o c i a t e d  w i t h  c o r o n a r y  a r t e r y  d i s e a s e  and 

v a r i o u s  c a r d i o v a s c u l a r  re s p o n s e s  e l i c i t e d  by d i s c r e t e  

s t r e s s o r s  d u r i n g  a s t a n d a r d i z e d  p s y c h o p h y s i o l o g i c a l  s t r e s s  

e v a l u a t i o n .

T h u s ,  tw o g e n e r a l  h y p o t h e s e s  a r e  g e n e r a t e d  as - f o l lo w s :

1. C a r d i o v a s c u l a r  re s p o n s e s  t h a t  a r e  e l i c i t e d  by a 

p s y c h o l o g i c a l  s t r e s s o r  w i l l  c o r r e l a t e  w i t h  Type A 

p e r s o n a l i t y  p a t t e r n s .

2 .  Dynamic e x e r c i s e ,  i n  c o m b i n a t io n  w i t h  a 

p s y c h o l o g i c a l  o r  p h y s i c a l  ( c o l d  p r e s s o r )  s t r e s s o r ,  w i l l  

o b s c u re  t h e  i d i o s y n c r a t i c  e -f - fec ts  a t t r i b u t e d  t o  e i t h e r  

s t r e s s o r  when a c t i n g  a l o n e .
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CHAPTER I I  

METHODS

D e g e n d e n t_ M e a s u re s

The p s y c h o p h y s i o l o g i c a l  measures  t h a t  were  m o n i t o r e d  

c o n s i s t  o f  h e a r t _ r a t e ,  s ^ s t o l  i c _ a n d _ d ia s to l^ i^ c_ b lo o d  

p r e s s u r e ,  and h a n d _ t e m p e r a t u r e ;  as  w e l l  as i n d i c e s  o f :  

E *E E i® E _2EEEyT i f t r a k e _ v o l :ume, 0^ocardi_al_

E E n E C E E t i l i t y  i anci t ° £ a I_EECiE!2EE§I_EEEiE£®QE®* These  

i n d i c e s  were  o b t a i n e d  f rom  f o r m u l a e  which  were  d e v e lo p e d  f o r  

use w i t h  t h e  d e r i v a t i v e  impedance c a r d i o g r a m  ( M o h a p a t r a ,  

1 9 8 1 ) .  Thus i n  a d d i t i o n  t o  t h e  f o u r  t r a d i t i o n a l  

p s y c h o p h y s i o l o g i c a l  measures  t h e r e  a r e  f o u r  new v a r i a b l e s  

which  r e f l e c t  c a r d i a c  p e r fo r m a n c e  t h a t  a r e  computed.

9aEEi®E_°EEEET i s  t h e  amount o f  b lo o d  which  i s  pumped 

per  u n i t  o f  t i m e  and i s  e x p re s s e d  i n  t e r m s  o f  l i t e r s  p e r  

m i n u t e .  Stroke_yol^ume i s  t h e  amount o f  b l o o d ,  i n  

m i l l i l i t e r s ,  which  i s  pumped w i t h  a s i n g l e  h e a r t b e a t .

C a r d i a c  o u t p u t  i s  t h e  p r o d u c t  o f  s t r o k e  vo lume t i m e s  h e a r t  

r a t e .  M^2E®!ldi a l  _ c o n t r a c t i ^ l  i^ty i s  t h e  v i g o r ,  o r  f o r c e ,  o f  

t h e  h e a r t ' s  c o n t r a c t i o n  and i s  f r e q u e n t l y  in d e x e d  by t h e  

maximal i n s t a n t a n e o u s  r a t e  o f  change o f  t h e  v e n t r i c u l a r  

p r e s s u r e  c u r v e  ( d P / d t )  (B ern e  & L e v y ,  1 9 8 1 ) .

C a r d i a c  o u t p u t  i s  pumped a g a i n s t  t h e  t o t a l  p e r i p h e r a l
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r e s i s t a n c e  ( t h e  f a r c e  o p p o s in g  t h e  f l o w  o f  b l o o d )  o f  t h e  

b o d y ,  and t h o s e  two f a c t o r s  j o i n t l y  a f f e c t  t h e  a r t e r i a l  

b lo o d  p r e s s u r e .  P e r i p h e r a l  s k i n  t e m p e r a t u r e  has been  

proposed  as  an i n d i r e c t  in d e x  o f  p e r i p h e r a l  r e s i s t a n c e  and 

i n c r e a s e d  hand a n d / o r  f o o t  t e m p e r a t u r e  i s  f r e q u e n t l y  t h e  

t a r g e t  o f  c l i n i c a l  b i o f e e d b a c k  t r a i n i n g  f o r  h y p e r t e n s i o n  

( F a h r i  o n , 1 9 B 3 ) .

A p p a r a t u s

» * n ' t h is  s e r i e s  o f  s t u d i e s ,  was 

d e t e r m in e d  by a p p l y i n g  a manual sphygmomanometer t o  e i t h e r  

t h e  s u b j e c t ' s  r i g h t  arm as i n  t h e  f i r s t  s t u d y  o r  l e f t  arm i n  

e x p e r i m e n t s  2 o r  3 .  I n  t h e  c as e  o f  t h e  n o n - e x e r c i s e  

e v a l u a t i o n s ,  s u b j e c t s  were s e a t e d  u p r i g h t  i n  a padded c h a i r  

w i t h  t h e  r i g h t  arm e l e v a t e d  t o  t h e  a b o u t  t h e  l e v e l  o f  t h e  

h e a r t .  The c u f f  was r a p i d l y  i n f l a t e d  d u r i n g  t h e  f i n a l  20  

seconds o f  each r e c o r d i n g  p e r i o d .  The s y s t o l i c  b lo o d  

p r e s s u r e  was r e c o r d e d  as t h e  p o i n t  a t  which  t h e  f i r s t  sounds  

o f  b lo o d  p a s s i n g  t h r o u g h  t h e  b r a c h i a l  a r t e r y  were  h e a r d  

( K o r o t k o f f  p hase  I ) .  The d i a s t o l i c  b lo o d  p r e s s u r e  was 

i d e n t i f i e d  as  t h e  p r e s s u r e  a t  which  t h e  l a s t  sounds were  

h e a r d  ( K o r o t k o f f  phase  V ) .  O n ly  d u r i n g  t h e  i n i t i a l  

n o n - e x e r c i s e  asse ss m e n ts  was b lo o d  p r e s s u r e  d a t a  c o l l e c t e d  

w i t h  t h e  use  o f  an a u to m a te d  sphygmomanometer (Dimamap model  

B5C0. The d e c i s i o n  t o  a d o p t  t h e  manual b lo o d  p r e s s u r e  

p r o c e d u r e  was due t o  t h e  v a r i a b i l i t y  o f  t h e  t i m e  i n v o l v e d  i n
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o b t a i n i n g  t h e  au to m a te d  r e a d i n g .  I t  Mas d i f f i c u l t  t o  

c o o r d i n a t e  t h e  b lo o d  p r e s s u r e  d e t e r m i n a t i o n  w i t h  t h e  end o f  

t h e  c o n d i t i o n  u s in g  t h e  au to m a te d  c u f f .  T h i s  p ro b le m  was 

g e n e r a l l y  due t o  a r t i f a c t  r e j e c t i o n  c i r c u i t r y  w h ich  was 

p ro n e  t o  t r i g g e r i n g  d u r i n g  t h e  c o l d  p r e s s o r  t e s t .

P e r i p h e r a l _ s k i n _ t e m p e r a t u r e  was d e t e r m in e d  w i t h  t h e  

use o f  an A u t o g e n ic  Systems model 2 000  s k i n  t e m p e r a t u r e  

m o n i t o r .  A t h e r m i s t o r  was t a p e d  t o  t h e  d o r s a l  s u r f a c e  o f  

t h e  d i s t a l  p h a l a n g e  o f  t h e  m i d d l e  d i g i t  on t h e  nondominant  

hand.  The s e n s o r  was p l a c e d  p r o x im a l  t o  t h e  f i n g e r n a i l  w i t h  

t h e  t h e r m i s t e r  l e a d  s e c u re d  t o  t h e  f i n g e r  a t  a second  

l o c a t i o n  i n  o r d e r  t o  m i n i m i z e  movement a r t i f a c t .  R e a d in g s  

were  made t o  t h e  n e a r e s t  t e n t h  o f  a d e g r e e  F a h r e n h e i t  d u r i n g  

t h e  end o f  each c o n d i t i o n .  In  t h e  e x e r c i s e  s u b j e c t  

p o p u l a t i o n  b o th  r i g h t  and l e f t  p e r i p h e r a l  s k i n  t e m p e r a t u r e s  

w ere  measured.

The o t h e r  hemodynamic v a r i a b l e s  measured by impedance  

c a r d i o g r a p h y  were  r e c o r d e d  w i t h  t h e  use o f  an 

I n s t r u m e n t a t i o n  f o r  M e d i c i n e  model 4 00  impedance  

c a r d i o g r a p h .  T h i s  d e v i c e  p a ss e s  a 4 mA, 100 kH z ,  s i n u s o i d a l  

s i g n a l  a c r o s s  e l e c t r o d e s  e n c i r c l i n g  t h e  s u b j e c t ' s  neck  and 

t h o r a x .  A c o n s t a n t - c u r r e n t  s i g n a l  i s  passed a c r o s s  t h e  

c h e s t  c a v i t y  and t h e  r e s u l t i n g  v o l t a g e  i s  d e t e c t e d  by a 

second p a i r  o f  e l e c t r o d e s  p l a c e d  between  t h e  tw o  e x c i t a t i o n  

e l e c t r o d e s .  See F i g u r e  1 f o r  a s c h e m a t ic  i l l u s t r a t i o n  o f  

t h i s  p r o c e d u r e .  T h i s  v o l t a g e  s i g n a l  i s  syn c h ro n o u s  w i t h
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30

b o th  t h e  h e a r t b e a t  and r e s p i r a t i o n .  Changes i n  t i s s u e  

volume and d i s p l a c e m e n t  w i t h i n  t h e  t h o r a x  a r e  r e s p o n s i b l e  

f o r  t h e  f l u c t u a t i o n s  i n  t h e  impedance s i g n a l  ( K a r n e g i s  & 

K u b i c e k ,  1 9 7 0 ) .  The f i r s t  d e r i v a t i v e  o f  t h e  impedance  

s i g n a l  ( d Z / d t )  i s  t h e n  computed and r e c o r d e d  on a c h a r t  

r e c o r d e r .  By r e c o r d i n g  o n l y  d u r i n g  t h e  same p o i n t  i n  t h e  

r e s p i r a t o r y  c y c l e ,  r e s p i r a t i o n  a r t i f a c t s  can be v i r t u a l l y  

e l i m i n a t e d  ( M i l l e r  8< H o r v a t h ,  1 9 7 8 ) .  A l l  c a r d i o g r a p h  

r e c o r d i n g s  were  o b t a i n e d  d u r i n g  r e s p i r a t o r y  apnea f o l l o w i n g  

a f u l l  e x h a l a t i o n .

The e l e c t r o d e s  employed i n  impedance c a r d i o g r a p h y  a r e  

bands o f  a l u m i n i z e d  m y la r  t a p e  which e n c i r c l e  t h e  s u b j e c t ' s  

body.  The f i r s t  e x c i t a t i o n  e l e c t r o d e  i s  p l a c e d  h ig h  on t h e  

s u b j e c t ' s  neck  p a r a l l e l  w i t h  t h e  f l o o r .  The second  

e l e c t r o d e  i s  used f o r  r e c e p t i o n  and i s  p l a c e d  p a r a l l e l  t o  

and a t  l e a s t  2 . 5  cm be low t h e  f i r s t  one.  The t h i r d  

e l e c t r o d e  i s  a l s o  r e c e p t i v e  and i s  p l a c e d  p a r a l l e l  t o  t h e  

f i r s t  two a t  t h e  l e v e l  o f  t h e  x i p h o s t e r n a l  j o i n t  a t  t h e  base  

o f  t h e  s te r n u m .  The f o u r t h  e l e c t r o d e  i s  e x c i t a t o r y  and i t  

i s  p l a c e d  a t  l e a s t  tw o  i n c h e s  b e lo w ,  and p a r a l l e l  t o ,  

e l e c t r o d e  t h r e e .

The d Z / d t  s i g n a l  and an e l e c t r o c a r d i o g r a m  (ECG) were  

r e c o r d e d  on a t h e r m a l  s t r i p  c h a r t  r e c o r d e r  a t  a c h a r t  speed  

o f  50  mm/sec.  Many o f  t h e  r e c o r d s  i n i t i a l l y  made i n  t h e  

n o n - e x e r c i s e  ( f i r s t  e x p e r i m e n t )  p o p u l a t i o n  were  r e c o r d e d  a t  

a speed o f  25  mm/sec.  t o  c o n s e r v e  m a t e r i a l s .  The two
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waveform s were  m a n u a l l y  s c o r e d  t o  d e t e r m i n e  t h e  f o l l o w i n g  

m easure s :  i n t e r b e a t  i n t e r v a l ,  v e n t r i c u l a r  e j e c t i o n  t i m e ,  

maximal h e i g h t  o f  t h e  d Z / d t  w a v e fo rm ,  and t h e  i n t e r v a l  

be tw ee n  t h e  R s p i k e  o f  t h e  ECG t r a c i n g  and t h e  maximal  

h e i g h t  o f  d Z / d t  (R -Z  i n t e r v a l ) .  The d Z / d t  w a v e fo rm ,  i t s  

r e l a t i o n s h i p  t o  t h e  ECG, and t h e  m easurem ents  i n v o l v e d  in  

s c o r i n g  t h e  w aveform  a r e  r e p r e s e n t e d  i n  F i g u r e  2 .  The f a c t  

t h a t  some o f  t h e  r e c o r d s  i n  t h e  f i r s t  s t u d y  were  r e c o r d e d  a t  

h a l f - s p e e d  was u n f o r t u n a t e ,  s i n c e  changes  i n  t h e  two  

i m p o r t a n t  s y s t o l i c  t i m e  i n t e r v a l s  became more d i f f i c u l t  t o  

d e t e r m i n e  ( i . e . ,  VET and t h e  R-Z i n t e r v a l ) .  D u r i n g  each  

c o n d i t i o n  t h e  l a s t  t h r e e  c o n s e c u t i v e  w ave form s  were  measured  

and a v e r a g e d .  A c a l i b r a t i o n  s i g n a l  was r e c o r d e d  p r i o r  t o  

and a t  t h e  c o n c l u s i o n  o f  each s u b j e c t  r u n .

M easures  t a k e n  f ro m  t h e  impedance c a r d i o g r a p h  w aveform s  

w ere  th e n  e n t e r e d  i n t o  t h e  a p p r o p r i a t e  f o r m u l a e  t o  e s t i m a t e  

t h e  hemodynamic p a r a m e t e r s  o f  h e a r t _ r a t e , s t r o k e _ v o ^ u m e , 

£®CEii*£_2y t | D u t » anc* !By££aC^La I_£ E Q tra£t i_ l_ i_ ty  ( K u b ic e k  e t  

a l , 1 9 6 6 ,  1970;  M o h a p a t r a ,  1 9 8 1 ) .  H e a t h e r ' s  in d e x  o f  

m y o c a r d i a l  c o n t r a c t i l i t y  was used f o r  e s t i m a t i n g  c o n t r a c t i l e  

f o r c e  ( H e a t h e r ,  1 9 6 9 ) .  T o t a l  p e r i p h e r a l  r e s i s t a n c e  was 

e s t i m a t e d  by c a l c u l a t i n g  t h e  r a t i o  o f  mean a r t e r i a l  b lo o d  

p r e s s u r e  t o  c a r d i a c  o u t p u t .  Mean a r t e r i a l  b lo o d  p r e s s u r e  

was e s t i m a t e d  by a d d in g  one t h i r d  o f  t h e  p u l s e  p r e s s u r e  

( s y s t o l i c  minus d i a s t o l i c )  t o  t h e  d i a s t o l i c  b lo o d  p r e s s u r e  

(B e rn e  & L e v y ,  1 9 8 1 ) .
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D e s ig n  -  T h i s  e x p e r i m e n t  was d e s ig n e d  t o  exam ine  t h e  

r e l a t i o n s h i p  between  c o r o n a r y  p ro n e  b e h a v i o r  p a t t e r n s  and 

c a r d i o v a s c u l a r  r e s p o n s e  p a t t e r n s  p roduced  by a p s y c h o l o g i c a l  

and a c o l d  p r e s s o r  s t r e s s o r .  The p s y c h o l o g i c a l  s t r e s s o r  was 

a t a p e  r e c o r d e d  q u iz  o f  s e v e r a l  c o g n i t i v e  a b i l i t i e s  

i n c l u d i n g :  g e n e r a l  k n o w le d g e ,  a r i t h m e t i c  s k i l l s  and

r e a s o n i n g .  T h i s  t a s k  (ECG Q u i z )  was d e v e lo p e d  f o r  s t u d y i n g  

t h e  e f f e c t s  o f  e m o t i o n a l  s t r e s s  on a n g i n a  p a t i e n t s  

( S c h i f f e r ,  H a r t l e y ,  Schu lm an,  8< Abelmann,  1 9 7 6 ) .  These  

i n v e s t i g a t o r s  fo und  t h a t  t h e  q u iz  p roduced  ECG changes  

s i m i l a r  t o  t h o s e  in d u c e d  by e x e r c i s e  s t r e s s .  The q u i z  was 

p re c e d e d  by an i n s t r u c t i o n a l  s e t  wh ich  e x p l a i n e d  t h a t  i t  was 

an assessm ent  o f  m e n ta l  a b i l i t y  and t h a t  t h e  s u b j e c t ' s  s c o r e  

would be compared w i t h  t h e  s c o r e s  o f  o t h e r  i n d i v i d u a l s  o f  

h i s / h e r  own age .  The q u e s t i o n s  were  t h e n  p r e s e n t e d  u n der  a 

t i m e  p r e s s u r e  t h a t  a l l o w e d  o n l y  f i v e  seconds  f o r  r e s p o n d in g  

(s e e  Appendix  1 ) .  Hemodynamic p a t t e r n s  which  o c c u r r e d  i n  

r e s p o n s e  t o  t h e  two s t r e s s  c o n d i t i o n s  were  examined t o  

d e t e r m i n e  i f  e i t h e r  t h e  c o g n i t i v e  o r  t h e  c o l d  p r e s s o r  

p a t t e r n s  had been r e p l i c a t e d .

S u b j e c t s  -  The 30  s u b j e c t s  t h a t  p a r t i c i p a t e d  i n  t h i s  

f i r s t  e x p e r i m e n t  w ere  drawn f ro m  tw o d i f f e r e n t  s u b j e c t  

p o p u l a t i o n s .  The f i r s t  group c o n s i s t e d  o f  22  p o l i c e  

o f f i c e r s ,  f ro m  t h e  S t a m f o r d ,  C o n n e c t i c u t  P o l i c e  D e p a r tm e n t
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who were  r e c r u i t e d  t o  p a r t i c i p a t e  i n  t h e  s t r e s s  t e s t .  They  

c o n s i s t e d  o f  21 m a le s  and 1 f e m a l e  w i t h  a combined a v e r a g e  

age  o f  3 4 . 8 .  The second group  o f  s u b j e c t s  was drawn f r o m  an 

a n x i e t y  s t u d y  b e in g  ru n  a t  t h e  M i l h a u s e r  C l i n i c ,  New York  

U n i v e r s i t y  and i n c l u d e d  6 f e m a l e s  and 2 m a le s  w i t h  a 

combined a v e r a g e  age o f  3 6 . 8 .  I d e a l l y  we would h ave  

p r e f e r r e d  u s in g  o n l y  one g r o u p ,  h o w e v e r ,  n o t  enough p o l i c e  

o f f i c e r s  r e t u r n e d  t h e  JAS t o  e n a b l e  us t o  p e r f o r m  t h e  

s t a t i s t i c a l  p r o c e d u r e s .  No s e l e c t i o n  p r o c e s s  was u t i l i z e d  

o t h e r  t h a n  s c r e e n i n g  i n d i v i d u a l s  f o r  e x i s t i n g  o r  p o t e n t i a l  

c a r d i a c  p ro b le m s  o r  symptoms o f  c a r d i o v a s c u l a r  d i s e a s e .

R r o c e d y r e  -  The e x p e r i m e n t  was c o n d u c te d  i n  a 

p r i v a t e  room which was a s s ig n e d  t o  t h e  p r o j e c t ,  w i t h i n  t h e  

p o l i c e  s t a t i o n  o r  M i l h a u s e r  C l i n i c .  The s u b j e c t s  s a t  

u p r i g h t  i n  a padded c o n f e r e n c e  c h a i r  t h r o u g h o u t  t h e  e n t i r e  

p r o c e d u r e  and were f i r s t  i n t e r v i e w e d  t o  o b t a i n  de m ograph ic  

and m e d ic a l  h i s t o r y  d a t a  w h i l e  t h e  v a r i o u s  e l e c t r o d e s  were  

b e in g  a t t a c h e d  by a second e x p e r i m e n t e r . B e f o r e  t h e  s t a r t  

o f  t h e  e x p e r i m e n t ,  t h e  s u b j e c t s  were  i n s t r u c t e d  i n  a 

r e s p i r a t o r y  pause on command p r o c e d u r e  i n  o r d e r  t o  m i n i m iz e  

impedance r e c o r d i n g  a r t i f a c t s .  They were r e q u e s t e d  t o  h o ld  

t h e i r  b r e a t h  f o l l o w i n g  a f u l l ,  b u t  n o t  f o r c e d ,  e x h a l a t i o n .

A t r i a l  c a r d i o g r a p h  r e c o r d i n g  was made p r i o r  t o  t h e  s t a r t  o f  

t h e  e x p e r i m e n t  t o  a s c e r t a i n  t h a t  each s u b j e c t  comprehended  

t h e  i n s t r u c t i o n s  and c o u ld  p ro d u c e  t h e  d e s i r e d  r e s p i r a t o r y  

m a n i p u l a t i o n .  An impedance  c a l i b r a t i o n  s i g n a l  was a l s o
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r e c o r d e d  a t  t h e  b e g i n n i n g  and t h e  c o n c l u s i o n  o f  each  

s e s s i o n .

The f i r s t  f o u r  m in u t e s  o f  t h e  s t r e s s  t e s t  was a r e s t i n g  

b a s e l i n e  p e r i o d ,  d u r i n g  which  t h e  s u b j e c t s  were  i n s t r u c t e d  

t o  r e m a in  q u i e t .  T h i s  was f o l l o w e d  by a t w o - m i n u t e  

s e l f - r e l a x a t i o n  c o n d i t i o n  i n  which  t h e  s u b j e c t s  were  

i n s t r u c t e d  t o  c l o s e  t h e i r  e ye s  and a l l o w  t h e m s e l v e s  t o  

become as r e l a x e d  as  p o s s i b l e .  The q u iz  was a d m i n i s t e r e d  

n e x t ,  and t h e  t w o - m i n u t e  t r i a l  began as soon as  t h e  s u b j e c t  

had h e a r d  t e n  q u e s t i o n s  o r  made t h r e e  e r r o r s ,  w h ic h e v e r  

o c c u r r e d  f i r s t .  A t w o - m i n u t e  r e c o v e r y  p e r i o d  f o l l o w e d  t h e  

q u iz  c o n d i t i o n .  S u b j e c t s  were  t h e n  i n s t r u c t e d  t o  immerse  

t h e i r  r i g h t  hand up t o  t h e  w r i s t  w i t h  f i n g e r s  s p r e a d  i n  a 

b u c k e t  o f  i c e  w a t e r  f o r  60  s ec o n d s .  T h i s  was f o l l o w e d  by a 

f o u r  m in u t e  r e c o v e r y  p e r i o d .  The c o g n i t i v e  and c o l d  s t r e s s  

c o n d i t i o n s  were  n o t  c o u n t e r b a l a n c e d  due t o  t h e  e x t r e m e  

e f f e c t s  t h e  c o l d  s t r e s s o r  produced  on hand t e m p e r a t u r e  i n  

t h e  o p p o s i t e  l i m b .  In  s i m i l a r  p r o t o c o l s  used i n  our  

l a b o r a t o r y ,  t h e  t w o - m i n u t e  r e c o v e r y  p e r i o d  was s u f f i c i e n t  

f o r  a l l  o t h e r  v a r i a b l e s  t o  r e t u r n  t o  a p p r o x i m a t e l y  t h e i r  

o r i g i n a l  l e v e l s .

E*E®Ci.!D®n£_2

D e s ign  -  T h i s  e x p e r i m e n t  was d e s ig n e d  t o  e xam ine  t h e  

r e s p o n s e  p a t t e r n s  p ro duced  by e x e r c i s e  s t r e s s  and t h e
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p o s s i b l e  i n t e r a c t i v e  e f f e c t  p roduc ed  by co m b in in g  e x e r c i s e  

s t r e s s  w i t h  e i t h e r  a p s y c h o l o g i c a l  o r  c o l d  p r e s s o r  s t r e s s .

S u b j e c t s  -  A s i n g l e  group  o f  14 h e a l t h y  v o l u n t e e r s ,

B m a les  and 6 f e m a l e s ,  were  r e c r u i t e d  f o r  e x p e r i m e n t  2 . 

S u b j e c t s  f o r  t h i s  e x p e r i m e n t  were  drawn f ro m  an a d u l t  

p o p u l a t i o n  o f  u n d e r g r a d u a t e  and g r a d u a t e  s t u d e n t s .  The  

a v e r a g e  age was 2 5 . 5  y e a r s ,  which  i s  c o n s i d e r a b l y  younger  

t h a n  t h a t  o b s e rv e d  i n  t h e  f i r s t  s t u d y .

“ The e x p e r i m e n t a l  p r o c e d u r e  i n v o l v e d  

s u b j e c t s  s i t t i n g  on an e x e r c i s e  b i c y c l e  w h i l e  u n d e r g o in g  

12- c o n d i t i o n  assessm ent  p r o c e d u r e  as f o l l o w s :

1. I^niti_al__Resti_ng_Basel_i_ne: 5 r e c o r d i n g s  a t  

2- m i n u t e  i n t e r v a l s ;  s u b j e c t s  s e a t e d  as  c o m f o r t a b l y  as  

p o s s i b l e  on a s t a t i o n a r y  e x e r c i s e  b i c y c l e ,  and i n s t r u c t e d  t o  

r e m a in  q u i e t  w i t h  e y e s  c lo s e d  (10 m in u t e s  t o t a l ) .

S e ^ f - R e l a x a t i ^ o n : 2 r e c o r d i n g s  a t  2 - m i n u t e  

i n t e r v a l s ;  s u b j e c t s  were r e q u e s t e d  t o  r e l a x  as  c o m p l e t e l y  as  

p o s s i b l e .

3 .  C o g n i_ t i v e _ S t r e s s :  Each s u b j e c t  was i n s t r u c t e d  t o

answer  a lo u d  t h e  q u e s t i o n s  d i r e c t e d  t o  them ( f ro m  t h e  

p r e - r e c o r d e d  ECG q u i z  m e n t io n e d  p r e v i o u s l y ) .  P h y s i o l o g i c a l  

d a t a  r e c o r d i n g s  w e re  made f o l l o w i n g  t h e  d e l i v e r y  o f  n o x io u s  

i n s t r u c t i o n s  (2  m in u t e s  i n t o  t h e  r e c o r d i n g ) .  A d d i t i o n a l  

r e c o r d i n g s  were  made upon c o m p l e t i o n  o f  t h e  f i r s t  2 m in u t e s  

o f  t h e  q u i z  (4  m i n u t e s  t o t a l ) .

4 .  B tE2v e r y _ I :  5 r e c o r d i n g s  a t  2 - m i n u t e  i n t e r v a l s ;
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s u b j e c t s  were  i n s t r u c t e d  t o  s i t  q u i e t l y  w i t h  t h e i r  e y e s  

c lo s e d  (10 m in u t e s  t o t a l ) .

5 .  C o l d _ P r e s s o r _ S t r e s s :  S t a n d a r d  c o l d  p r e s s o r  

s t r e s s  (as  m e n t io n e d  i n  e x p e r i m e n t  1) ,  w h ere  one hand was 

immersed i n  i c e  w a t e r  t o  t h e  w r i s t  f o r  6 0  seco n d s .  T h r e e  

su b se q u e n t  r e a d i n g s  w ere  t a k e n  a t  20 second i n t e r v a l s  (1 

mi n u t e  t o t a l ) .

R e c o v e r y _  1̂ .1: 5 r e c o r d i n g s  a t  2 - m i n u t e  i n t e r v a l s ;  

s u b j e c t s  were  i n s t r u c t e d  t o  s i t  q u i e t l y  w i t h  t h e i r  e ye s  

c l o s e d  (10 m in u t e s  t o t a l ) .

7 .  E x e r c i_ s e _ S t r e s s ;  The e x e r c i s e  c o n d i t i o n s  

c o n s i s t e d  o f  p e d a l i n g  on a s t a t i o n a r y  e x e r c i s e  b i c y c l e  t o  a 

t a r g e t  h e a r t  r a t e  o f  a p p r o x i m a t e l y  75'/. o f  maximum. 

Sub-maximum t a r g e t  h e a r t  r a t e s  were  d e t e r m in e d  by t h e  

f o r m u l a :  2 2 0  B e a t s  P e r  M i n u t e  minus age t i m e s  . 7 0  ( f o r  a 

2 0 - y e a r  o l d  i n d i v i d u a l  2 2 0 - 2 0 = 2 0 0 ,  2 0 0 x . 7 0 = 1 4 0 ) .  The  

e r g o m e t e r  was u s u a l l y  s e t  a t  a p p r o x i m a t e l y  75  newton m e t e r s  

w i t h  s u b j e c t s  m a i n t a i n i n g  60  r e v o l u t i o n s  p e r  m in u t e  once  

t i t r a t i o n  t o  t a r g e t  h e a r t  r a t e  was e s t a b l i s h e d  ( u s u a l l y  

t a k i n g  b e tw ee n  3 - 5  m i n u t e s ) .  The use o f  t h e  b i c y c l e  has  

s e v e r a l  a d v a n t a g e s  i n  t h i s  t y p e  o f  t e s t i n g .  The p a t i e n t ' s  

t h o r a x  and arms a r e  r e l a t i v e l y  s t a b l e ,  t h u s  a l l o w i n g  f o r  

more e f f i c i e n t  r e c o r d i n g  o f  p h y s i o l o g i c a l  m e a s u re s .  The  

p a t i e n t ' s  body  w e i g h t  does n o t  i n f l u e n c e  h i s / h e r  e x e r c i s e  

c a p a c i t y  a p p r e c i a b l y  and s i t t i n g  on t h e  b i c y c l e  o f t e n  

p ro d u c e s  l e s s  a n x i e t y  t h a n  w a l k i n g  on a m e c h a n i c a l l y  d r i v e n  

t r e a d m i l l .  I n  a d d i t i o n ,  t h e  b i c y c l e  r e q u i r e s  l e s s  s p ac e  i n



38

t h e  l a b o r a t o r y  and i s  l e s s  e x p e n s i v e .  T h r e e  r e a d i n g s  were  

t a k e n  e v e r y  2 m i n u t e s  p l u s  an i n i t i a l  r e a d i n g  when t h e  

t a r g e t  h e a r t  r a t e  was r e a c h e d .  In  o r d e r  t o  a v o i d  movement  

a r t i f a c t s ,  s u b j e c t s  were  asked t o  s t o p  p e d a l i n g  b r i e f l y  

w h i l e  a b lo o d  p r e s s u r e  and an impedance measurement were  

o b t a i n e d .  The s u b j e c t  was th e n  r e q u e s t e d  t o  c o n t i n u e  

p e d a l i n g  t o  t a r g e t  speed (6 0  RPM). A f i n g e r  

p h o t o p l e t h y s i o m o g r a p h  was used t o  d e t e r m i n e  h e a r t  r a t e  f o r  

t i t r a t i o n  p u r p o s e s ,  h o w e v e r ,  some o f  t h e  r e c o r d i n g s  d u r i n g  

t h e  e x e r c i s e  c o n d i t i o n s  were  l a d e n  w i t h  a r t i f a c t  due t o  t h i s  

d e v i c e .  The use o f  t h e  d e v i c e  was d i s c o n t i n u e d  and ongo ing  

im pedance  t r a c i n g s  t a k e n  a t  s lo w e r  r e c o r d i n g  speeds  were  

used t o  d e t e r m i n e  h e a r t  r a t e .

8 . R e E ° ¥ ? E Y _ I I I : S u b j e c t s  w ere  i n s t r u c t e d  t o  s to p  

p e d a l i n g  and s i t  q u i e t l y .  F i v e  r e a d i n g s  were  t a k e n  e v e r y  

tw o m in u t e s  <10 m in .  t o t a l ) .

9 .  E' l ECEL— : S u b j e c t s  were

asked t o  s t a r t  p e d a l i n g  t h e  b i c y c l e  and t h e i r  t a r g e t  h e a r t  

r a t e s  were  t i t r a t e d  i n  t h e  same way as i n  t h e  f i r s t  e x e r c i s e  

c o n d i t i o n .  A f t e r  2 m in u t e s  o f  e x e r c i s e ,  r e a d i n g s  were  

o b t a i n e d ,  and t h e  s u b j e c t  l i s t e n e d  t o  a second v e r s i o n  o f  

t h e  o r a l  q u i z .  The second q u iz  had t h e  same i n s t r u c t i o n a l  

s e t  f o l l o w e d  by new q u e s t i o n s .  P i l o t  work done i n  our  l a b  

d e m o n s t r a t e d  t h a t  t h e  second v e r s i o n  e l i c i t e d  s i m i l a r  

r e s p o n s e s  t h e r e f o r e  m a i n t a i n i n g  r e l i a b i l t i y .  Measurements  

w ere  t a k e n  b o th  a f t e r  t h e  i n s t r u c t i o n s  and 2 m in u t e s  o f  

q u e s t i o n s .  A l l  s u b j e c t s  re m a in e d  p e d a l i n g  d u r i n g  t h e  q u iz
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c o n d t i o n .

10.  5 E E ° Y f !C ¥ _ I¥ ! S u b j e c t s  were  i n s t r u c t e d  t o  s to p

p e d a l i n g  and s i t  q u i e t l y .  F i v e  r e a d i n g s  w ere  t a k e n  e v e r y  2  

m in u t e s  <10 m in u t e s  t o t a l ) .

11.  Exerci_se_+__ColLd i_ P re s so r : S u b j e c t s  e x e r c i s e d  t o

t a r g e t  h e a r t  r a t e s  as  i n  t h e  p r e v i o u s  e x e r c i s e  c o n d i t i o n s .  

A f t e r  4 m in u t e s  o f  e x e r c i s i n g  t h e  s u b j e c t s  w ere  r e q u e s t e d  t o  

immerse t h e i r  r i g h t  hands i n t o  i c e  w a t e r  and c o n t i n u e  

p e d a l i n g .  R e a d in g s  w ere  o b t a i n e d  e v e r y  20  seconds e x c e p t  

b lo o d  p r e s s u r e ,  w h ich  was t a k e n  o n l y  a t  t h e  end o f  t h e

1- m i n u t e  im m e rs io n .

12.  S u b j e c t s  were  i n s t r u c t e d  t o  s to p

p e d a l i n g  and s i t  q u i e t l y .  F i v e  r e a d i n g s  were  t a k e n  e v e r y  

two m in u t e s  <10 m in .  t o t a l ) .

iEE®Ei!!3®Q£_I;

D e s ig n  -  T h i s  e x p e r i m e n t a l  p r o c e d u r e  was d e s ig n e d  t o  

f u r t h e r  a s c e r t a i n  t h e  i n t e r a c t i o n  e f f e c t s  o f  e x e r c i s e  s t r e s s  

when combined w i t h  t h e  q u i z  and t h e  c o l d  p r e s s o r  

i n d e p e n d e n t l y .  S p e c i f i c a l l y ,  i n t r a s u b j e c t  r e s p o n s e  

p a t t e r n i n g  was ass e s s e d  by h a v in g  t h e  s u b j e c t s  c o n t i n u e  t o  

e x e r c i s e  a f t e r  t h e  q u i z  and c o l d  p r e s s o r  c o n d i t i o n s  had 

e nded ,  t h u s  a l l o w i n g  f o r  f u r t h e r  d o c u m e n t a t io n  o f  s t r e s s o r  

e f f e c t .

^ s u b j e c t s ,  f ro m  t h e  same group as  

m e n t io n e d  i n  e x p e r i m e n t  2 ,  were  asked t o  c o n t i n u e  t o
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e x e r c i s e  upon c o m p l e t i o n  o f  t h e  o r a l  q u i z  and c o l d  p r e s s o r  

t e s t .  These  i n c l u d e d  4 m a le s  and 2 f e m a l e s  w i t h  a combined  

a v e r a g e  age o f  3 0 . B.

“ The p r o c e d u r e  was i d e n t i c a l  t o  t h a t  used  

i n  e x p e r i m e n t  2 e x c e p t  f o r  t h e  e x e r c i s e  c o n d i t i o n s .  

S p e c i f i c a l l y ,  t h e  f i r s t  e x e r c i s e  c o n d i t i o n  was e x t e n d e d  t o  

f i v e  2 - m i n u t e  r e a d i n g s  f o r  a t o t a l  o f  10 m i n u t e s .  The  

e x e r c i s e  + q u i z ,  and e x e r c i s e  + c o l d  p r e s s o r  c o n d i t i o n s  were  

a l t e r e d  by h a v in g  each s u b j e c t  c o n t i n u e  t o  e x e r c i s e  f o r  4 

m in u t e s  w i t h  r e a d i n g s  b e in g  t a k e n  e v e r y  2 m in u t e s  <10 

m in u t e s  t o t a l ) .  L a s t l y ,  t o  e n s u r e  c o m p le t e  r e c o v e r y ,  t h e  

t i m e  between  t h e  f i r s t  and second e x e r c i s e  s e t s  was 

i n c r e a s e d  t o  1 h o u r ,  w i t h  r e a d i n g s  b e i n g  t a k e n  e v e r y  2 

m in u t e s  f o r  t h e  f i r s t  20  m i n u t e s .  I f  t h e  s u b j e c t ' s  h e a r t  

r a t e  a t  t h e  end o f  t h e  20  m in u t e  p e r i o d  had r e c o v e r e d ,  t h a t  

i s ,  w i t h i n  one s t a n d a r d  d e v i a t i o n  o f  b a s e l i n e  h e a r t  r a t e ,  

h e / s h e  was a l l o w e d  a 40  m i n u t e  b r e a k  f ro m  t h e  e x p e r i m e n t .  

T h i s  was f r e q u e n t l y  a p p r e c i a t e d  by most s u b j e c t s  f o r  t h e y  

were  g e t t i n g  a l i t t l e  u n c o m f o r t a b l e  s i t t i n g  on t h e  b i c y c l e  

s e a t .  I f  t h e  h e a r t  r a t e  had n o t  r e t u r n e d  t o  one s t a n d a r d  

d e v i a t i o n  o f  t h e  b a s e l i n e ,  t h e  s u b j e c t  was asked t o  r e m a in  

s e a t e d  w i t h  2 - m i n u t e  r e a d i n g s  b e i n g  t a k e n  so t h a t  f u l l  

r e c o v e r y  d a t a  c o u ld  be o b t a i n e d .  The r e m a i n i n g  tw o r e c o v e r y  

p e r i o d s  ( a f t e r  t h e  e x e r c i s e  + q u i z  and e x e r c i s e  + c o l d  

p r e s s o r )  w ere  20  m in u t e s  each i n  l e n g t h  w i t h  r e a d i n g s  b e in g  

t a k e n  e v e r y  2 m i n u t e s .  Once t h e  2 0 - m i n u t e  r e c o v e r y  p e r i o d
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was o v e r ,  p r o v i d e d  h e a r t  r a t e  was r e c o v e r e d ,  t h e  n e x t  

c o n d i t i o n  was begun i m m e d i a t e l y .
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CHAPTER I I I  

RESULTS

E X PER N I _  1̂ : PSYCH0PHYB3[0L0GI^CAL_C0RRELATES_0F

CQRQNARY_PRONE_BEHAVIOR_yNDER_VARIOyS_CgNDIIIONB_

E x p e r im e n t  i  was d e s ig n e d  t o  e xam in e  t h e  r e l a t i o n s h i p  

between  Type  A b e h a v i o r  p a t t e r n s  and c a r d i o v a s c u l a r  r e s p o n s e  

p a t t e r n s  p roduced  by p s y c h o l o g i c a l  and c o l d  p r e s s o r  

s t r e s s o r s .  I n  a d d i t i o n  t o  t h e s e  s t r e s s o r s ,  d a t a  was 

o b t a i n e d  f o r  b a s e l i n e  and s e l f - r e l a x a t i o n  c o n d i t i o n s .  The  

g e n e r a l  h y p o t h e s i s  was s u p p o r t e d  as t h e  p h y s i o l o g i c a l  

r e s p o n s e s  b r o u g h t  a b o u t  by t h e  p s y c h o l o g i c a l  ( c o g n i t i v e )  

s t r e s s o r  s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  v a r i o u s  i n d i c i e s  o f  

t h e  c o r o n a r y  p ro n e  b e h a v i o r  p a t t e r n  as  measured by t h e  

J e n k i n s  A c t i v i t y  S u r v e y .

The d a t a  o b t a i n e d  f r o m  e x p e r i m e n t  one were  e n t e r e d  i n t o  

a s t e p w i s e  m u l t i p l e  l i n e a r  r e g r e s s i o n  i n  o r d e r  t o  a n a l y z e  

t h e  c o l l e c t i v e  and s e p a r a t e  c o n t r i b u t i o n s  o f  t h e  

p h y s i o l o g i c a l  v a r i a b l e s  and how t h e y  r e l a t e  t o  Type  A 

p e r s o n a l i t y  c h a r a c t e r i s t i c s .  The p h y s i o l o g i c a l  d a t a  

i n c l u d e d  a g e ,  g en d er  and p e r c e n t  changes  f r o m  b a s e l i n e  

v a l u e s  f o r  s y s t o ^ ic _ a n d _ d i^ a s t o l_ i_ c _ b lo o d _ p r e s s u r e , h e a r t  

r a t e , s t rg ke_ vo l^ u m e , H e a t h e r J .s _ in d e x _ o f _ m y o c a r d i  al  ̂

c o n t r a c t  i ^ t y , t o t a l  _ g e r i . E h e r a l _ r e s i  s t a n c e , and 

p e r i g h e r a l _ s k i n _ t e m p e r a t u r e .  These v a r i a b l e s  were



m o n i t o r e d  a c r o s s  s e ^ + - r e l a ^ a t i _ o n  , Esycho^ogi_ca^_and_col  d 

g r e s s o r _ s t r e s 5 _ c o n d i t i o n s .  The d ic h o to m o u s  v a r i a b l e  

<gender)  was e n t e r e d  i n  as  a dummy v a r i a b l e  where  1 ' s  were  

m ale  and 2 ' s  were  - female .  F o r t u n a t e l y ,  m u l t i p l e  l i n e a r  

r e g r e s s i o n s  a r e  w e l l  s u i t e d  t o  h a n d l e  t h e s e  v a r i a b l e s  w i t h  

e q u a l  f a c i l i t y  ( K e r l i n g e r  & P e d h a zu r  1 9 7 3 ) .

In  t h e  i n i t i a l  r e g r e s s i o n  a n l a y s i s ,  c a r d i a c  o u t p u t  was 

l e f t  o u t  b eca u s e  i t  a p p e a r e d  t o  be f u n c t i o n i n g  as  a 

s u p p r e s s o r  v a r i a b l e  w h ich  i t  i n  f a c t  was.  T h i s  i s  n o t  

s u r p r i s i n g  s i n c e  c a r d i a c  o u t p u t  i s  t h e  p r o d u c t  o f  h e a r t  r a t e  

and s t r o k e  v o lu m e ,  b o t h  o f  w h ich  a r e  im pedance  measures  

w hich  t e n d  t o  a c t  i n  o p p o s i t e  and c o m p e n s a to ry  f a s h i o n s .

The p e r s o n a l i t y  v a r i a b l e s  e n t e r e d  i n t o  t h e  a n a l y s i s  

i n c l u d e d  t h e  raw s c o r e s  f o r  t h e  J e n k i n s _ A c t i v i t y _ S u r v e y

T h i s  i n c l u d e d  t h e  o v e r a l l  s c o r e  f o r  

and * t s  t h r e e  component f a c t o r  s c o r e s ,  

s g e e d _ a n d _ i m £ a t i e n c e , j o b _ i n v o l v e m e n t  and h § r d _ d r i . v i Lng 

a n d _ c o m g e t i t i y e _ b e j n a v i o r . Raw s c o r e s  were  used t o  e n s u r e  

eq u a l  w e i g h t  d i s t r i b u t i o n  be tw ee n  each n u m e r ic a l  u n i t  v a l u e  

o f  t h e  J . A . S .  (w h ich  i s  n o t  t h e  c a s e  w i t h  t h e  J . A . S .  

p e r c e n t i l e s ) .

V a r i a n c e _ o f _ C o r g n a r y _ P r o n e _ B e h a v i o r _ M e a s u r e s

An i n i t i a l  c o n c e r n  was t o  d e t e r m i n e  w h e t h e r  t h e r e  was 

r e p r e s e n t a t i v e  and s u f f i c i e n t  v a r i a b i l i t y  on t h e  p e r s o n a l i t y



m easure  f o r  c o r o n a r y  p r o n e  b e h a v i o r .  I n  f a c t ,  t h e  mean raw  

s c o r e s  o b t a i n e d  f ro m  t h e  J . A . S .  w ere  c h a r a c t e r i z e d  by a 

l a r g e  d e g r e e  o f  v a r i a n c e ,  t h e r e f o r e  ou r  sam ple  was 

r e p r e s e n t a t i v e  o f  t h e  w id e  r a n g e  o f  s c o r e s  t h a t  would  be 

n o r m a l l y  fo u n d  i n  t h e  p o p u l a t i o n  as  a w h o le .  I® b l .e _ l . i . 

shows t h e  w id e  d i s p e r s a l  o f  mean raw s c o r e s  and a s s o c i a t e d  

p e r c e n t i l e s  a lo n g  w i t h  t h e  s t a n d a r d  d e v i a t i o n s  o f  d e p e n d e n t  

v a r i  a b l e s .

EÊ _?El!!EEEEÊ EiEi.E2iE*I_6EEEEE5®E
Many h i g h l y  s i g n i f i c a n t  r e l a t i o n s h i p s  w ere  fo u n d  

betw een c o r o n a r y  p ro n e  p e r s o n a l i t y  measures  and t h e  v a r i o u s  

p s y c h o p h y s i o l o g i c a l  v a r i a b l e s  (s e e  T a b l e  2 ) .  O v e r a l l  Type  

6_E®EE^i2E c o r r e l a t e d  s t r o n g l y  w i t h  g en d e r  ( m u l t i p l e  R =

. 5 7 )  and t o  a l e s s e r  e x t e n t ,  changes  i n  s t r o k e  volume d u r i n g  

t h e  p s y c h o l o g i c a l  s t r e s s  ( m u l t i p l e  R = . 6 7 )  T o g e t h e r  t h e s e  

two v a r i a b l e s  a c c o u n te d  f o r  45% ( p C .0 0 1 )  o f  t h e  v a r i a n c e .

The i n f l u e n c e  o f  t h e  p s y c h o l o g i c a l  s t r e s s o r  on s t r o k e  volume  

was q u i t e  u b i q u i t o u s ,  f o r  i t  a l s o  s u r f a c e  as  a s i g n i f i c a n t  

v a r i a b l e  a c c o u n t i n g  f o r  a l a r g e  p r o p o r t i o n  o f  t h e  v a r i a n c e  

i n  b o th  J o b _ in v o lv e m e n t  and h § r d _ d r i v i n g _ a n d _ c o m g e t i t i v e  

b e h - T h i s  s i g n i f i c a n t  i n f l u e n c e  made by t h e  

p s y c h o l o g i c a l  s t r e s s o r  i s  i n  s t r o n g  s u p p o r t  o f  t h e  i n i t i a l  

h y p o t h e s i s ,  f o r  t h e  c o g n i t i v e  s t r e s s o r  a p p a r e n t l y  

r e p r e s e n t e d  a r e a l i s t i c  g o a l  t o  compete  w i t h  and o v ercom e ,
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TABLE 1 

EXPERIMENT ONE

MEANS AND STANDARD DEVIATIONS OF THE JENKINS AC TIV ITY  SURVEY FACTOR 
SCORES USED IN  THE STEP-WISE MULTIPLE LINEAR REQRE8SI0N

TYPE A 
VARIABLES

MEAN 
RAW SCORE

STANDARD MEAN STANDARD
DEVIATION PERCENTILE DEVIATION

TYPE A 30
OVERALL SCORE

SPEED 30
AND IMPATIENCE

JOB INVOLVEMENT 30

HARD DRIVING 30
AND COMPETITIVE

2 1 5 .6

1 7 9 .7

2 2 5 .3

1 1 9 .6

7 3 .0 6

8 9 .3 3

5 5 .7 4

4 1 .9 7

4 5 .6 6

4 7 .2 7

5 9 . 4B 

4 4 .5 7

2 5 .0 2  

3 2 . 66

2 1 .3 3

3 0 .9 9
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TABLE 2 

EXPERIMENT ONE

STEP-WISE MULTIPLE LINEAR REGRESSION ANALYSIS RELATING JENKINS ACTIV ITY  
SURVEY SCORES TO PSYCHOPHYSIOLOGICAL RESPON8E8 AND EXPERIMENTAL CONDITIONS

TYPE A 
VARIABLE

PHYSIOLOGICAL 
VARIABLES &
EXP. CONDITIONS

MULT
R

VAR
(RSQ)

SIGN

TYPE A
OVERALL
SCROE

SPEED & 
IMPATIENCE

HARD DRIVING  
& COMPETITIVE

JOB
INVOLVEMENT

SEX .5 7

STROKE VOLUME . 56
DURING QUIZ

SEX .3 7

HEART RATE - . 3 7
DURING QUIZ

HEART RATE . 04
DURING COLD PRESSOR

SYSTOLIC B .P . .2 4
DURING SELF-RELAX

SKIN TEMPERATURE .1 7
DURING QUIZ

STROKE VOLUME .5 0
DURING QUIZ

TOTAL SYSTEMIC .5 6
RESISTANCE
DURING QUIZ

STROKE VOLUME .5 0
DURING QUIZ

HEART RATE .2 4
DURING QUIZ

SYSTOLIC B .P . .4 4
DURING COLD PRESSOR

.5 6 7

.6 7 0

.3 7 5

.5 0 9

.6 3 2

.7 1 6

.8 6 3

.5 0 2

.5 6 4

.3 2 0

.4 5 0

. 140 

.2 5 9

.3 9 9

.5 1 2

.7 4 5

.2 5 0

.3 1 6

.6 6 5  .4 6 9

.7 3 4  .5 3 6

.7 8 0  .6 0 9

.001

<.001

.0 4 0

.010

.0 0 4

.001

<.001

.0 0 5

.001

<•001

<.001

<.001

•ONLY SIG NIFICANT CORRELATIONS P < .0 5  REPORTED
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t h e r e f o r e ,  c a r d i o v a s c u l a r  m o b i l i z a t i o n  re spond ed  

a c c o r d i  n g l y .

F u r t h e r  e v i d e n c e  l i n k i n g  t h e  p s y c h o l o g i c a l  s t r e s s  

r e s p o n s e s  t o  t h e  Type  A measures  i s  r e v e a l e d  i n  l o o k i n g  a t  

t h e  r e g r e s s i o n  w e i g h t s  p r o v i d e d  i n  T a b l e _ 3 i  These  b e t a  

v a l u e s  a r e  an e s t i m a t i o n  o f  t h e  e f f e c t  t h a t  each  

p h y s i o l o g i c a l  v a r i a b l e  has i n  t h e  r e g r e s s i o n  e q u a t i o n .  In  

t h e o r y ,  t h e y  s h o u ld  r e p r e s e n t  t h e  p o p u l a t i o n  r e g r e s s i o n  

w e i g h t ,  h o w e ve r ,  s i n c e  t h i s  i s  unknown, t h e y  a r e  based upon 

sam ple  r e g r e s s i o n  d a t a .  F i v e  o f  t h e  seven h i g h e s t  b e t a  

w e i g h t s  a r e  t h e  r e s u l t  o f  p h y s i o l o g i c a l  measures  t a k e n  

d u r i n g  t h e  q u i z ,  w h ich  f u r t h e r  i n c r e a s e s  c o n f i d e n c e  i n  our  

assum pt ion  t h a t  t h e  c o g n i t i v e  s t r e s s o r  i s  a r e a l i s t i c  and 

c h a l l e n g i n g  goa l  t o  overcom e.  The two e x c e p t i o n s  i n  t h e  

b e t a  v a l u e s  a r e  changes  i n  h e a r t  r a t e  d u r i n g  t h e  c o l d  

p r e s s o r  s t r e s s  and g e n d er  e f f e c t .

The change i n  h e a r t  r a t e  e v i d e n c e d  d u r i n g  t h e  c o l d  

p r e s s o r  i s  n o t  u n e x p e c te d  f o r  i t  r e p l i c a t e s  e a r l i e r  f i n d i n g s  

where  Type A s u b j e c t s ,  when compared t o  Type B ' s ,  showed 

s i g n i f i c a n t l y  g r e a t e r  i n c r e a s e s  i n  h e a r t  r a t e  when exposed  

t o  a c o l d  p r e s s o r  s t r e s s  (Dembroski  e t  a l . ,  1979; Ho lmes,  

1 9 8 3 ) .  A l s o ,  r e c e n t  l i t e r a t u r e  s u g g e s t s  d i f f e r e n c e s  may 

e x i s t  be tw een Type A men and Type A women (L ane  e t  a l . ,

1984; G a s t o r f , 1981; Manuck e t  a l . ,  1 9 7 8 ) .  The r e s u l t s  o f  

t h e  r e g r e s s i o n  a n a l y s i s  s u p p o r t  t h e  e x i s t e n c e  o f  gender
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TABLE 3  

EXPERIMENT ONE

MULTIPLE LINEAR REGRESSION BETA VALUES FOR THE JENKINS AC TIV ITY  SURVEY 
SCORES AND PSYCHDPHYSIOLOGICAL RESPONSES AND EXPERIMENTAL CONDITIONS

TYPE A 
VARIABLES

PHYSIOLOGICAL
VARIABLES

BETA
VALUES

TYPE A
OVERALL SCORE

SEX

STROKE VOLUME 
DURING QUIZ

+ 0 .5 6 7 1  

+ 0 .3 9 4 7

SPEED & 
IMPATIENCE

SEX

HEART RATE 
DURING QUIZ

+ 0 .3 7 4 6

-0 .3 4 4 7

HEART RATE 
DURING COLD PRESSOR

+ 0 .5 0 9 9

SYSTOLIC B .P . 
DURING SELF-RELAX

+ 0 .3 4 3 6

SKIN TEMPERATURE 
DURING QUIZ

+ 0 .6 4 5 9

HARD DRIVING  
& COMPETITIVE

STROKE VOLUME 
DURING QUIZ

+ 0 .5 0 2 3

JOB
INVOLVEMENT

TOTAL SYSTEMIC 
RESISTANCE 
DURING QUIZ

+ 0 .5 6 4 0

STROKE VOLUME 
DURING QUIZ

+ 0 .5 0 1 6

HEART RATE 
DURING QUIZ

+ 0 .2 7 2 3

SYSTOLIC B .P .  
DURING QUIZ

+ 0 .4 4 3 3
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d i  f  f  e r e n c e s , and r e q u i r e  f u r t h e r  d e t e r m i n a t i o n .

F o r t u n a t e l y ,  i t  a p p e a r s  t h a t  t h e  a d d i t i o n  o f  c a r d i a c  

im pedance  d e r i v e d  v a r i a b l e s  may h e l p  e x t e n d  ou r  know ledge  o f  

c o n t r i b u t i n g  v a r i a b l e s  t h a t  d i f f e r e n t i a t e  g e n d er  e f f e c t s .

When l o o k i n g  a t  t h e  J e n k i n s  f a c t o r  s c o r e ,  sgeed_and  

i m p a t i e n c e , 74 .57 .  ( p < . 0 0 1 )  o f  t h e  v a r i a n c e  was a c c o u n te d  

f o r  by t h e  combined s t e p - w i s e  e f f e c t s  o f  g e n d e r ,  i n c r e a s e s  

i n  h e a r t  r a t e  ( d u r i n g  t h e  p s y c h o l o g i c a l  and c o l d  p r e s s o r  

s t r e s s o r s ) , p e r i p h e r a l  s k i n  t e m p e r a t u r e  ( d u r i n g  t h e  

p s y c h o l o g i c a l  s t r e s s )  and s y s t o l i c  b lo o d  p r e s s u r e  ( d u r i n g  

s e l  f - r e l a x a t i o n ) . W i t h i n  t h i s  r e l a t i o n s h i p ,  t h e  f a c t  t h a t  

h e a r t  r a t e  change d u r i n g  t h e  c o l d  p r e s s o r  had an i n i t i a l  

c o r r e l a t i o n  o f  . 0 4 ,  y e t  was s i g n i f i c a n t  i n  t h e  r e g r e s s i o n  a t  

t h e  . 0 0 4  l e v e l ,  i s  i n t e r e s t i n g .  A p p a r e n t l y  t h e  change i n  

h e a r t  r a t e  ( d e c r e a s e )  d u r i n g  t h e  p s y c h o l o g i c a l  s t r e s s o r  

c o v a r i e s  w i t h  a d i r e c t  i n c r e a s e  i n  h e a r t  r a t e  d u r i n g  t h e  

c o l d  p r e s s o r  t e s t .  T h i s  s t r o n g  r e c i p r o c a l  r e l a t i o n s h i p  

a c c o u n t s  f o r  c o l d  p r e s s o r  in d u c e d  h e a r t  r a t e  changes  

e n t e r i n g  i n t o  t h e  r e g r e s s i o n  e q u a t i o n .  I t  i s  a l s o  

i n t e r e s t i n g  t o  n o t e  t h a t  such a r e c i p r o c a l  r e l a t i o n s h i p  i s  

i n  s u p p o r t  o f  L a c e y ' s  (1 9 7 2 )  work on c a r d i o v a s c u l a r  r e s p o n s e  

t o  i n t e r n a l  and e x t e r n a l  t a s k s .  I n t e r n a l  t a s k s  such as  t h e  

p s y c h o l o g i c a l  s t r e s s o r  c a u s e s  h e a r t  r a t e  d e c r e a s e s  w h i l e  

e x t e r n a l ,  such as t h e  c o l d  p r e s s o r  t e s t ,  c o r r e l a t e  w i t h  

h e a r t  r a t e  a c c e l e r a t i o n .

The f a c t  t h a t  t h e  c o g n i t i v e  s t r e s s o r ,  as  opposed t o  t h e
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c o l d  p r e s s o r ,  in d u c e d  c o r r e l a t e d  c a r d i o v a s c u l a r  changes  i n  

an impedance d e r i v e d  measure ( s t r o k e  vo lum e)  may p r o v i d e  

• f u r t h e r  e l u c i d a t i o n  o f  L a c e y ' s  (1 9 5 3 )  c o n c e p t  o f  i n d i v i d u a l  

re s p o n s e  s p e c i f i c i t y .  T h i s  c o n c e p t ,  w h ich  s t a t e s  t h a t  an 

i n d i v i d u a l  w i l l  r e s p o n d  t o  v a r i o u s  s t r e s s o r s  w i t h  t h e  same 

i d i o s y n c r a t i c  p a t t e r n ,  was f o r m u l a t e d  u s i n g  t h e  t r a d i t i o n a l  

m easures  o f  a u to n o m ic  a r o u s a l  such as h e a r t  r a t e .  The  

a d d i t i o n  o f  im pedance  d e r i v e d  m easures  a p p e a r s  t o  a l l o w  t h e  

r e s e a r c h e r  t o  d i f f e r e n t i a t e  o u t  t h e  e f f e c t s  o f  a 

p s y c h o l o g i c a l  and p h y s i c a l  s t r e s s o r ,  t h u s  a f f o r d i n g  s u p p o r t  

f o r  t h e  use o f  im pedance  d e r i v e d  m easures  i n  a s s e s s i n g  t h e  

e f f e c t s  o f  v a r y i n g  t a s k s  as  r e l a t e d  t o  r e s p o n s e  s p e c i f i c i t y  

as w e l l  as d i r e c t i o n a l  f r a c t i o n a t i o n  ( L a c e y ,  1 9 5 9 ) .

In  s u m a r i z i n g  t h e  r e s u l t s  o f  t h e  s t e p - w i s e  r e g r e s s i o n  

a n a l y s i s ,  s e v e r a l  s i g n i f i c a n t  t r e n d s  em erged .  F i r s t ,  g en d e r  

has a p ro fo u n d  i n f l u e n c e  i n  a c c o u n t i n g  f o r  a l a r g e  . 

p r o p o r t i o n  o f  t h e  v a r i a n c e  i n  b o th  o v e r a l l  ancl

!»E?!:ELan!!!_iOEa£if:D£f? b e h a v i o r  p a t t e r n s .  The p s y c h o l o g i c a l  

s t r e s s o r ,  as  h y p o t h e s i z e d ,  was t h e  most r e l i a b l e  c o n d i t i o n  

i n  e l i c i t i n g  s i g n i f i c a n t  changes  t h a t  were  fo u n d  i n  t h e  

r e g r e s s i o n  a n a l y s i s  f o r  a l l  f o u r  p e r s o n a l i t y  m eas u res .  T h i s  

was e s p e c i a l l y  t r u e  f o r  changes  i n  s t r o k e  vo lume d u r i n g  t h e  

q u iz  c o n d i t i o n .  U n f o r t u n a t e l y ,  t h e r e  a p p e a r s  t o  be no 

d i r e c t  h o m e o s t a t i c  r e l a t i o n s h i p s  be tw een  t h e  q u i z  in d u c e d  

c a r d i o v a s c u l a r  v a r i a b l e s  t h a t  c o r r e l a t e  w i t h  t h e  sgeed_and  

ancl i ° ! 2_ i n v o l v e m e n t  m e a s u re s .  P erh a p s  an
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i n c r e a s e d  s am ple  s i z e  would  l e n d  i t s e l f  i n  d e f i n i n g  such  

r e l a t i  onsh i  ps .

§^£E5I!!!iN_2_AND_3i_THE_INTERACTigN_gF_DYNAMIC_EXERCISE_WITH
P§YHQt9§I90!=_AND_CgLD_PRESSgR_STRESSES_

E x p e r i m e n t s  2 and 3 ,  were  d e s ig n e d  t o  e xa m in e  t h e  

r e s p o n s e  p a t t e r n s  p ro duced  by e x e r c i s e  and t h e  p o s s i b l e  

i n t e r a c t i v e  e f f e c t s  p roduced  by c o m b in in g  e x e r c i s e  w i t h  

e i t h e r  a p s y c h o l o g i c a l  o r  c o l d  p r e s s o r  s t r e s s .  The f i n d i n g s  

d i d  n o t  s u p p o r t  t h e  g e n e r a l  h y p o t h e s i s  t h a t  dynamic  e x e r c i s e  

w i l l  o b s c u r e  t h e  i d i o s y n c r a t i c  e f f e c t s  o f  t h e  p s y c h o l o g i c a l  

o r  c o l d  p r e s s o r  s t r e s s o r s .  Both e x p e r i m e n t s  i n v o l v e  

s u b j e c t s  p a r t i c i p a t i n g  i n  a 12 c o n d i t i o n  p s y c h o p h y s i o l o g i c a l  

p r o f i l e  f r o m  which  d a t a  c o l l e c t e d  f o r  7 o f  t h e  c o n d i t i o n s  

was a n a l y z e d .  These  c o n d i t i o n s  were  b a s e l i n e ,

I i Ei¥E!22l°9iE*i_®£E?!!:!2» EEiE-ECEllEE 
s t r e s s , exerc i^se_a l^one , f x e r c i  se_glus_gui_z  and

e x e r £ is e _ E iy ® _ E 9 lE _ E E E S E 2 E "  No Type  A p e r s o n a l i t y  d a t a  

was used i n  t h e s e  tw o  e x p e r i m e n t s .  The d i f f e r e n c e  betw een  

t h e  two e x p e r i m e n t s  i s  t h a t  e x p e r i m e n t  3 ,  i n  which  6 o f  t h e  

14 s u b j e c t s  f ro m  e x p e r i m e n t  2 p a r t i c i p a t e d ,  i n v o l v e d  h a v in g  

t h e  s u b j e c t s  c o n t i n u e  t o  e x e r c i s e  a f t e r  t h e  p s y c h o l o g i c a l  

and c o l d  p r e s s o r  s t r e s s o r  c o n d i t i o n s  e nded .  T h i s  a l l o w e d  

f o r  f u r t h e r  d o c u m e n t a t io n  o f  a s t r e s s o r  e f f e c t  i n  t h a t  a 

r e t u r n  t o  e x e r c i s e  b a s e l i n e  became a v a i l a b l e .

The d a t a  f ro m  b o th  e x p e r i m e n t s  2 and 3 was
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s t a t i s t i c a l l y  exam ined  u s i n g  a s i n g l e  - f a c t o r  r e p e a t e d  

measures  a n a l y s i s  o f  v a r i a n c e  f o l l o w e d  by Duncan p o s t  hoc 

t e s t s .  I § b l e _ 4  shows t h e  mean v a l u e s  o f  hemodynamic  

v a r i a b l e s  a c r o s s  a l l  p s y c h o p h y s i o l o g i c a l  c o n d i t i o n s .

I t  i s  i m p o r t a n t  t o  n o t e  t h a t  t h e  d a t a  o b t a i n e d  f o r  

p e r i p h e r a l  s k i n  t e m p e r a t u r e  (an i n d i r e c t  measure  o f  

s y m p a t h e t i c  n e r v o u s  sys tem  a c t i v i t y ) , i s  s u s p e c te d  o f  b e in g  

u n r e l i a b l e  i n  e x p e r i m e n t s  2 and 3 .  U n f o r t u n a t e l y ,  t h e  

C . C . N . Y .  l a b o r a t o r y  i s  c e n t r a l l y  a i r — c o n d i t i o n e d  w i t h  no 

l o c a l  t h e r m o s t a t i c  i n t e r v e n t i o n  p o s s i b l e .  As a r e s u l t ,  even  

when we t r i e d  t o  m a i n t a i n  t e m p e r a t u r e  w i t h  e l e c t r i c  h e a t ,  

s e v e r a l  s u b j e c t s  c o m p la in e d  i t  was t o o  c o l d  i n  t h e  summer,  

t o o  h o t  i n  t h e  w i n t e r ,  and d r a f t y .  I n  a d d i t i o n ,  some 

s u b j e c t s  were  s w e a t i n g  p r o f u s e l y  d u r i n g  e x e r c i s e  which  may 

have  in d u c e d  a c o o l i n g  e f f e c t  due t o  e v a p o r a t i o n .  For  t h e s e  

r e a s o n s ,  c o n f i d e n c e  i n  p e r i p h e r a l  s k i n  t e m p e r a t u r e  

measurements  i s  q u e s t i o n a b l e  and w i l l  n o t  be i n c l u d e d  i n  t h e  

a n a l y s i s  o f  e x p e r i m e n t s  2 and 3 .

The f i r s t  a n a l y s i s  d e m o n s t r a t e d  t h a t ,  as  e x p e c t e d ,  

p a t t e r n s  o f  p h y s i o l o g i c a l  r e s p o n s e  emerged t h a t  f i t  w i t h  

what was e x p e c t e d  t o  be fo u n d  c o m par ing  m easures  t a k e n  

d u r i n g  b a s e l i n e  and a c t i v e  p h y s i c a l  e x e r c i s e  (se e  Tabl^es_5  

and 6 ) .
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TABLE 4 

EXPERIMENT TWO AND THREE 

MEAN VALUES OF HEMODYNAMIC VARIABLES ACROSS ALL EXPERIMENTAL CONDITIONS

CONDITIONS

VARIABLE BASELINE SELF
RELAX

QUIZ COLD EXERCISE 
PRE880R

EXERCISE EXERCISE 
QUIZ COLD PRESSOR

SYSTOLIC B .P .  
mm Hg

1 1 0 .4 1 1 2 .1 1 1 7 .7 1 2 5 .9 1 2 7 .9 13 2 .1 1 3 5 .4

DIASTOLIC B .P . 
mm Hg

7 5 .5 7 9 .6 8 0 .6 9 1 .4 6 9 .4 7 2 .9 8 3 .5

HEART RATE 
B .P .M .

6 2 .6 B 5 .S S 2 .5 S I . 4 1 1 6 .6 1 1 5 .3 1 1 7 .9

STROKE VOLUME 
ml

6 5 . 1 6 7 .6 7 1 .6 6 4 .3 7 5 .1 B 1 .2 7 6 .2

CARDIAC OUTPUT 
I /m in .

5 .3 5 .7 5 .6 5 .2 B. 7 9 .5 9 . 1

CONTRACTILITY 
H e a th e r 's  Index

1 5 .3 16 . 1 1 7 .7 1 3 .9 3 2 .2 3 4 .3 3 5 .0

TOTAL PERIPHERAL 
RESISTANCE 
M .A .P /C O

2 0 .0 2 0 .2 2 0 .0 2 3 .6 1 4 .3 1 4 .3 1 5 .7

N -1 4  S«
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TABLE 5

EXPERIMENT TWO AND THREE

SINGLE FACTOR ANALYSIS OF VARIANCE WITH REPEATED MEASURES OF 
SIG NIFICANT CHANGE5 ACROSS ALL EXPERIMENTAL CONDITIONS

VARIABLE F DF PROB.

SYSTOLIC B .P . 
mm Hg

2 3 .1 5 6 /9 7 .0 0 1

DIASTOLIC B .P .  
mm Hg

7 .9 3 6 /9 7 .0 0 1

HEART RATE 
B .P .M .

2 7 .2 3 6 /9 7 .0 0 1

STROKE VOLUME 
ml

2 .B 7 6 /9 7 .0 5

CARDIAC OUTPUT 
1 /m in

1 1 .6 1 6 /9 7 .0 0 1

CONTRACTILITY 
H e a th e r 's  Index

2 8 .8 6 6 /9 7 .0 0 1

TOTAL SYSTEMIC 
RESISTANCE

1 6 .6 5 6 /9 7 .0 0 1

N *14  O ver seven e x p e r im e n ta l c o n d it io n s .
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TABLE 6

EXPERIMENT TWO AND THREE

MEAN DIFFERENCES AND POST HOC ANALYSIS OF PHYSICAL 
EXERCISE COMPARED TO A RESTING BASELINE

VARIABLE N MEAN DIFFERENCE 
FROM BASELINE

SIGNIFICANCE

SYSTOLIC B .P . 
mm Hg

14 + 1 7 .5 .0 0 1

DIASTOLIC B .P .  
mm Hg

14 -  6 .1 .0 0 1

HEART RATE 
B .P .M .

14 + 3 4 .2 .0 1

STROKE VOLUME 
ml

14 + 1 0 .0 .0 5

CARDIAC OUTPUT 
1 /m in

14 + 3 .4 .0 1

CONTRACTILITY 
H e a th e r 's  Index

14 + 1 6 .9 .0 0 1

TOTAL SYSTEMIC
RESISTANCE
M .A .P ./C O

14 -  5 .7 • 05

DUNCAN PROCEDURE
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S i g n i f i c a n t  i n c r e a s e s  i n  s y s t o l i c  b lo o d  p r e s s u r e ,  h e a r t  

r a t e ,  s t r o k e  v o lu m e ,  c a r d i a c  o u t p u t ,  and t h e  H e a t h e r  in d e x  

o f  m y o c a r d i a l  c o n t r a c t i l i t y  a lo n g  w i t h  a s s o c i a t e d  

d e c r e a s e s  i n  d i a s t o l i c  b lo o d  p r e s s u r e  and t o t a l  s y s t e m i c  

r e s i s t a n c e  o c c u r r e d  d u r i n g  s u b -m a x im a l  e x e r c i s e .  T h i s  

r e p l i c a t e s  t h e  f i n d i n g s  o f  o t h e r s  ( E l l e s t a d ,  19B4) and t h u s ,  

i n c r e a s e s  our  c o n f i d e n c e  i n  t h e  impedance d e r i v e d  

measurements  d u r i n g  dynamic  e x e r c i s i n g .

At t h e  b e g i n i n g  o f  t h e  s e l f - r e l a x a t i o n  c o n d i t i o n ,  

s u b j e c t s  were  asked t o  c l o s e  t h e i r  e ye s  and r e l a x  t o  t h e  

b e s t  o f  t h e i r  a b i l i t y .  The e f f e c t  o f  t h e s e  s i m p l e  

i n s t r u c t i o n s  a r e  o f  p a r t i c u l a r  i n t e r e s t ,  f o r  t h e  a b i l i t y  t o  

r e l a x  p r e d i s p o s e s  s u c c e s s f u l  i n t e r v e n t i o n  i n  t h e  t r e a t m e n t  

o f  s t r e s s - r e l a t e d  d i s o r d e r s .  Many p e o p l e  t h i n k  t h a t  

a t t e m p t i n g  t o  r e l a x  i n d u c e s  s p e c i f i c  changes  i n d i c a t i v e  o f  

low a r o u s a l  (such as d e c r e a s e d  s y m p a t h e t i c  t o n i n g ) .  I t  has  

been o b s e rv e d  h e r e ,  and i n  o t h e r  s t u d i e s  f r o m  our  

l a b o r a t o r y ,  t h a t  t h e  i n s t r u c t i o n s  t o  r e l a x ,  i n  t h e  absence  

o f  t r a i n i n g  i n  r e l a x i n g ,  a c t u a l l y  f u n c t i o n s  as  a c o g n i t i v e  

s t r e s s o r .  I ® b l e _ 7  shows how s e l f - r e l a x a t i o n  i n s t r u c t i o n  

e l i c i t e d  s i g n i f i c a n t  i n c r e a s e s  i n  b o th  s y s t o l i c  and 

d i a s t o l i c  b lo o d  p r e s s u r e  when compared t o  a r e s t i n g  b a s e l i n e  

c o n d i t i o n .  A l s o ,  as  e v i d e n c e d  i n  e x p e r i m e n t  1 ,  changes  i n  

s y s t o l i c  b lo o d  p r e s s u r e  d u r i n g  t h e  s e l f - r e l a x a t i o n  c o n d i t i o n  

e n t e r e d  i n t o  t h e  r e g r e s s i o n  e q u a t i o n  as  a s i g n i f i c a n t
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TABLE 7

EXPERIMENT TWO AND THREE

MEAN DIFFERENCES AND POST HOC ANALYSIS OF 
SELF-RELAXATION COMPARED TO A RESTING BASELINE

VARIABLE N MEAN DIFFERENCE 
FROM BASELINE

SIGNIFICANCE

SYSTOLIC B .P . 
mm Hg

14 + 1 .7 .0 5

DIASTOLIC B .P . 14 + 4 .1 .0 5
mm Hg

DUNCAN PROCEDURE: O nly  s i g n i f i c a n t  v a r ia b le s  r a p o r ta d .

*~i
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v a r i a b l e  p r e d i c t i n g  speed and i m p a t i e n c e .  T h i s  d a t a  

s u b s t a n t i a t e s  an i m p o r t a n t  d i f f e r e n c e  f r e q u e n t l y  seen when 

c o m par ing  t r a i n e d  and u n t r a i n e d  b i o f e e d b a c k  p o p u l a t i o n s .

When asked t o  r e l a x ,  b i o f e e d b a c k - t r a i n e d  s u b j e c t s  do 

d e m o n s t r a t e  s i g n i f i c a n t  r e d u c t i o n s  i n  t h e  a b o v e -m e n t io n e d  

v a r i a b l e s .  T h i s  i s  n o t  t h e  c as e  w i t h  i n d i v i d u a l s  who have  

no p r i o r  t r a i n i n g  ( F a h r i o n ,  1 9 8 4 ) .  The p r e s e n t  f i n d i n g s  

a t t e n d  t o  t h i s  phenomenon.

The e f f e c t  o f  a p s y c h o l o g i c a l  s t r e s s o r  ( q u i z )  on t h e  

c a r d i o v a s c u l a r  sys te m  has been documented by  many 

i n v e s t i g a t o r s  ( W i ls o n  e t  a l . ,  1983; S t e i n e r  e t  a l . ,  1983;  

A l b r i g h t  e t  a l . ,  1984;  G i l b e r t  e t  a l . ,  1 9 7 9 ) .  T h i s  s t u d y  

r e p l i c a t e s  t h e i r  f i n d i n g s  i n  t h a t  s i g n i f i c a n t  i n c r e a s e s  i n  

s t r o k e  v o lu m e ,  s y s t o l i c  and d i a s t o l i c  b lo o d  p r e s s u r e  were  

r e c o r d e d  i n  r e s p o n s e  t o  t h e  p s y c h o l o g i c a l  s t r e s s o r  (see  

TabTe_B) . The above i n v e s t i g a t o r s  a l s o  fo u n d  s i g n i f i c a n t  

i n c r e a s e s  i n  c a r d i a c  c o n t r a c t i l i t y  which i n  t h i s  s t u d y  was 

p r o b a b l y  due t o  t h e  low sam ple  s i z e ,  and so were  n o t  

s t a t i s t i c a l l y  s i g n i f i c a n t .  Thus ,  t h e  q u i z  a p p e a r s  t o  be an 

e f f e c t i v e  s t r e s s o r  t h a t  e l i c i t s  changes  c o i n c i d i n g  w i t h  t h e  

a c t i v a t i o n  o f  t h e  f i g h t  o r  f l i g h t  r e s p o n s e  mechanisms under  

autonom ic  n e r v o u s  sys te m  c o n t r o l .

C o l_d  P r e s s o r _ E f f e c t

The c o l d  p r e s s o r  t e s t  p roduc ed  s i g n i f i c a n t  i n c r e a s e s  i n
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TABLE B

EXPERIMENT TWO AND THREE

MEAN DIFFERENCES AND POST HOC ANALYSIS OF THE PSYCHOLOGICAL 
STRESSOR, (Q U IZ) COMPARED TO RESTING BASELINE

VARIABLE N MEAN DIFFERENCE 
FROM BASELINE

PROBABILITY

SYSTOLIC B .P . 
mm Hg

14 + 7 .3 .0 1

DIASTOLIC B.F'. 
mm Hg

14 + 5 .1 . 05

STROKE VOLUME 
ml

14 6 .S .0 1

DUNCAN PROCEDUREi O nly s i g n i f i c a n t  v s r is b ls s  r s p o r ts d .
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t o t a l  s y s t e m i c  r e s i s t a n c e  a lo n g  w i t h  s y s t o l i c  and d i a s t o l i c  

b lo o d  p r e s s u r e  (see  I § b l e _ 9 ) . W i ls o n  d e m o n s t r a t e d  

s i m i l i a r  chang es  i n  a d d i t i o n  t o  a s i g n i f i c a n t  i n c r e a s e  i n  

t o t a l  s y s t e m i c  r e s i s t a n c e  and d e c r e a s e s  i n  s t r o k e  v o lu m e,  

c a r d i a c  o u t p u t  and t h e  H e a t h e r ' s  index, o f  m y o c a r d i a l  

c o n t r a c t i l i t y .  These  changes  a l s o  o c c u r r e d  i n  t h e  p r e s e n t  

s t u d y ,  b u t  f a i l e d  t o  r e a c h  s i g n i f i c a n c e ,  a g a i n  p r o b a b l y  due  

t o  t h e  low sam ple  s i z e .  N o n e - t h e - 1 e s s ,  i t  i s  a p p a r e n t  t h a t  

t h e s e  two s t r e s s o r s  ( q u i z  and c o l d  p r e s s o r )  p roduce d  s i m i l a r  

changes  i n  t h e  t r a d i t i o n a l  measures  o f  h e a r t  r a t e  and b lood  

p r e s s u r e .  How ever ,  t h e  measures  o b t a i n e d  w i t h  impedance  

c a r d i o g r a p h y  ( s t r o k e  v o lu m e ,  c a r d i a c  o u t p u t ,  c o n t r a c t i l i t y  

and t o t a l  s y s t e m i c  r e s i s t a n c e )  showed d i f f e r e n t i a l  

p a t t e r n i n g  be tw een  t h e  two s t r e s s o r s .

Ex e r e  i_se_Comgared_Io_Ex e r e  i_se_£l_us_Psychol_ogi_cal__and_Col_d

P r e s s o r _ S t r e s s o r s

These  s e t s  o f  a n a l y s e s  w ere  d e s ig n e d  t o  a s c e r t a i n  t h e  

e f f e c t  o f  c o m b in in g  dynamic  e x e r c i s i n g  w i t h  p s y c h o l o g i c a l  

and c o l d  p r e s s o r  s t r e s s o r s .  The second h y p o t h e s i s  s t a t e d  

t h a t  dynamic  e x e r c i s e  would  b l o c k  t h e  e f f e c t  o f  

p s y c h o l o g i c a l  s t r e s s  on t h e  c a r d i o v a s c u l a r  s y s te m .  In  p o i n t  

o f  f a c t ,  j u s t  t h e  r e v e r s e  was t r u e .  The combined e f f e c t  o f  

p s y c h o l o g i c a l  s t r e s s  and dynamic  e x e r c i s e  was s i g n i f i c a n t l y  

g r e a t e r  t h a n  t h e  sum o f  i n d i v i d u a l  e f f e c t s  ( t h e  c l a s s i c  

d e f i n i t i o n  f o r  a p o s i t i v e  i n t e r a c t i o n ) .
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TABLE 9

EXPERIMENT TWO AND THREE

MEAN DIFFERENCES AND POST HOC HOC ANALYSIS OF 
COLD PRESSOR STRESSOR COMPARED TO RESTING BASELINE

VARIABLE N MEAN DIFFERENCE 
FROM BASELINE

PROBABILITY

SYSTOLIC B .P . 
mm Hg

14 + 1 5 .5 .01

DIASTOLIC B .P . 
mm Hg

14 + 1 5 .9 .0 1

TOTAL SYSTEMIC
RESISTANCE
M .A .P ./C O

14 + 3 .6 .0 5

DUNCAN PROCEDURE: O nly  a i g n i f i c a n t  d i f f e r e n c e *  r e p o r te d .
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When compared t o  e x e r c i s e  a l o n e ,  t h e  e f f e c t s  o f  t h e  

q u iz  and c o l d  p r e s s o r  t e s t  combined w i t h  e x e r c i s e  produced  

s i g n i f i c a n t  i n c r e a s e s  i n  s y s t o l i c  and d i a s t o l i c  b lo o d  

p r e s s u r e  (s e e  Tabl_e_10> . These  s i g n i f i c a n t  f i n d i n g s  were  

f u r t h e r  s c r u t i n i s e d  by e m p lo y in g  t h e  same a n a l y s i s  u s in g  a 

f l o a t i n g  b a s e l i n e  t o  which  t o  make c o m p a r is o n s .  T h i s  

i n v o l v e s  co m p ar in g  m easurem ents  d u r i n g  t h e  q u iz  and c o l d  

p r e s s o r  e x e r c i s e  p e r i o d  w i t h  t h e  r e a d i n g s  t a k e n  j u s t  p r i o r  

t o  t h e  i n t r o d u c t i o n  o f  each s t r e s s o r , t h u s  c o n t r o l l i n g  f o r  

any i n c i d e n t a l  b a s e l i n e  s h i f t s  t h a t  c o u ld  ha ve  o c c u r r e d  

a f t e r  t h e  i n i t a l  b a s e l i n e  r e c o r d i n g s .  The r e s u l t s  a g a i n  

showed t h e  same v a r i a b l e s  o f  s y s t o l i c  and d i a s t o l i c  b lo o d  

p r e s s u r e  s i g n i f i c a n t l y  i n c r e a s e d .

A f i n a l  t e s t  o f  c o n f i d e n c e  i n  t h e  above f i n d i n g s  was 

a d d re s s e d  i n  t h e  d e s i g n  o f  e x p e r i m e n t  3 .  The e x e r c i s e  

p e r i o d s  were  e x t e n d e d  t o  ru n  beyond t h e  c e s s a t i o n  o f  t h e  

c o g n i t i v e  and c o l d  p r e s s o r  s t r e s s o r s ,  t h e r e f o r e ,  a f f o r d i n g  

an o p p o r t u n i t y  t o  o b s e r v e  i f  t h e s e  v a r i a b l e s  would r e t u r n  t o  

e x e r c i s e - a l o n e  v a l u e s .

When c o m par ing  p r e - e x e r c i s e  w i t h  e x e r c i s e  p l u s  q u iz  

c o n d i t i o n s ,  t h e r e  were  s i g n i f i c a n t  i n c r e a s e s  i n  s y s t o l i c  

b lo o d  p r e s s u r e ,  s t r o k e  v o lu m e ,  c a r d i a c  o u t p u t  and H e a t h e r ' s  

in d e x  o f  m y o c a r d i a l  c o n t r a c t i l i t y  (s e e  T a b l e s _ M _ & _ i 2 ) .

The e x a c t  o p p o s i t e  t r e n d s  o c c u r r e d  when c o m par ing  e x e r c i s e  

p l u s  q u iz  t o  p o s t - q u i z  e x e r c i s i n g .  S y s t o l i c  b lo o d  p r e s s u r e ,
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TABLE 10

EXPERIMENT TWO AND THREE

MEAN DIFFERENCES AND POST HOC ANALYSIS OF EXERCISE PLUS 
QUIZ AND EXERCISE PLUS COLD PRESSOR CONDITIONS 

COMPARED TO EXERCISE CONDITION ALONE

VARIABLE MEAN DIFFERENCE 
FOR EXERCISE QUIZ 
CONDITION

PROB MEAN DIFFERENCE 
FOR EXERCISE COLD 
PRESSOR CONDITION

PROB

SYSTOLIC B .P . 
mm Hg

+ 4 .2 .0 5 + 7 .5 .0 5

DIASTOLIC B .P . 
mm Hg

+ 3 .5 .0 5 + 1 4 .1 .0 5

DUNCAN PROCEDURES O n ly  s i g n i f i c a n t v a r ia b le s r a p o r ta d .
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TABLE 11

EXPERIMENT TWO AND THREE

SINGLE FACTOR ANALYSIS OF VARIANCE WITH REPEATED MEASURES OF CHANGES IN  
EXERCISE PLUS QUIZ COMPARED TO PRE- AND POST-QUIZ EXERCISING

VARIABLE F DF PROB

SYSTOLIC B .P . 
mm Hg

6 .5 6 2 /2 0 .0 5

STROKE VOLUME 
ml

4 .7 3 2 /2 0 .0 5

CARDIAC OUTPUT 
1 /m in

1 1 .3 7 2 /2 0 .0 0 1

CONTRACTILITY 
H e a th e r 's  Index

4 .0 6 2 /2 0 .0 5

O nly  s i g n i f i c a n t  v a r ia b le s  re p o r te d  N ■ 6  6s Mho p a r t ic ip a t e d
in  a l l  p rev io u s  c o n d itio n s  
but Mere th e  o n ly  ones to  
co n tin u e  to  e x e rc is e  beyond 
ces s a tio n  o f s tre s s

*■»
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TABLE 12

EXPERIMENT TWO AND THREE

DIRECTION OF MEAN CHAN6E AND POST HOC ANALYSIS OF EXERCISE PLUS QUIZ 
CONDITION AS IT  RELATES TO PRE- AND POST-QUIZ EXERCISE CONDITIONS

PRE” TO'EXPERIMENTAL EXPERlRENTAL"f6_POST-
CONDITION CONDITION

VARIABLE MEAN CHANGE PROB MEAN CHANGE PROB

SYSTOLIC B .P . 
mm Hg

in c re a s e s .OS d a c ra a s a s

10o

STROKE VOLUME 
ml

in c re a s e s .0 5 .0 5

CARDIAC OUTPUT 
1 /m in .

in c re a s e s .0 1 .0 1

CONTRACTILITY 
H e a th e r 's  Ind ex

in c re a s e s .0 5 d e c re a s e s

10o

DUNCAN PROCEDURE! O nly s i g n i f i c a n t  v a r ia b le s  r e p o r te d . N ■ 6  Bs
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s t r o k e  v o lu m e ,  c a r d i a c  o u t p u t  and H e a t h e r  in d e x  of  

m y o c a r d i a l  c o n t r a c t i l i t y  a l l  s i g n i f i c a n t l y  d e c r e a s e d .  These  

e f f e c t s  a r e  t h e  same as t h o s e  e l i c i t e d  by t h e  q u iz  a l o n e ,  

w i t h  t h e  e x c e p t i o n  o f  t o t a l  p e r i p h e r a l  r e s i s t a n c e ,  and 

c l e a r l y  d e m o n s t r a t e d  t r e a t m e n t  e f f e c t .

Impedance c a r d i o g r a p h y  d e r i v e d  v a r i a b l e s  d i d  n o t  

d i f f e r e n t i a t e  t h e  c o l d  p r e s s o r  e f f e c t  d u r i n g  e x e r c i s e .  When 

c o m par ing  t h e  p r e - e x e r c i s e  c o n d i t i o n  t o  t h e  s t r e s s  

c o n d i t i o n ,  s i g n i f i c a n t  i n c r e a s e s  i n  h e a r t  r a t e  as w e l l  as 

s y s t o l i c  and d i a s t o l i c  b lo o d  p r e s s u r e  were  n o t e d .  These  

i n c r e a s e s  were  a l s o  r e v e r s e d  d u r i n g  t h e  f i n a l  e x e r c i s e - a l o n e  

c o n d i t i o n  (s e e  I *bl_es_13_§<_14) . Thus ,  t h e  p r e s e n c e  of  

s i g n i f i c a n t  changes  i n  s t r o k e  v o lu m e ,  c a r d i a c  o u t p u t  and 

c o n t r a c t i l i t y  d u r i n g  t h e  e x e r c i s e  p l u s  q u i z  c o n d i t i o n  d i d  

n o t  o b s c u re  t h o s e  changes  produce d  by t h e  e x e r c i s e .  T h i s  i s  

s t r o n g  s u p p o r t  f o r  t h e  u t i l i t y  o f  i n c l u d i n g  impedance  

c a r d i o g r a p h y  d e r i v e d  v a r i a b l e s  when a s s e s s i n g  c o g n i t i v e  

e v e n t s  d u r i n g  e x e r c i s e .  T h i s  d a t a  s u g g e s t s  a p o s s i b l e  

s y m p a t h e t i c  summat ion e f f e c t  when t h e  tw o s t r e s s o r s  a r e  

combined.

I n t e r a c t i  v e _ P o t e n t i ^ a t i o n _ E f  f  e c t s

I n t e r a c t i o n  e f f e c t s  due t o  c o m b i n a t io n s  o f  

p s y c h o l o g i c a l  and c o l d  p r e s s o r  s t r e s s o r s  w i t h  p h y s i c a l  

e x e r c i s e  has  y e t  t o  be f u l l y  t e s t e d .  T h i s  a n a l y s i s  was 

p e r fo r m e d  t o  a s c e r t a i n  w h e th e r  t h e  c o g n t i v e  o r  c o l d  p r e s s o r
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TABLE 13

EXPERIMENT TWO AND THREE

SINGLE FACTOR ANALYSIS OF VARIANCE WITH REPEATED MEASURES OF 
CHANGES IN  EXERCISE PLUS COLD PRESSOR COMPARED TO PRE- AND 

POST-EXERCISE CONDITIONS

VARIABLE F OF PROB

SYSTOLIC B .P . 
mm Hg

7 .9 7 2 /2 0 .0 1

DIASTOLIC B .P .  
mm Hg

5 .5 9 2 /2 0 .0 5

HEART RATE 
B .P .M .

5 .2 9 2 /2 0 .0 5

O nly  s i g n i f i c a n t v a r ia b le s  re p o r te d N ■ & Ss who p a r t i c ip a t e d  in  
a l l  p re v io u s  c o n d it io n s  b u t  
w ere  th e  o n ly  ones t o  c o n tin u e  
t o  e x e r c is e  beyond s e s s a t io n
o f s t r e s s
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DIRECTION OF MEAN CHANGE AND POST HOC ANALYSIS OF EXERCISE PLUS COLD 
PRESSOR CONDITION AS IT  RELATES TO PRE- AND POST-COLD PRESSOR

EXERCISE CONDITIONS

_________ __ ___ __ __ __  _____________________

TABLE 14

EXPERIMENT TWO AND THREE

DIRECTION OF MEAN CHANGE AND POST HOC ANALYSIS OF EXERCISE PLUf 
PRESSOR CONDITION AS IT  RELATES TO PRE- AND POST-COLD PRES!

EXERCISE CONDITIONS

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

CONDITION CONDITION

VARIABLE MEAN CHANGE PROB MEAN CHANGE PROB

SYSTOLIC B .P . in c re a s e s  .0 1  d e c re a s e s  .0 1
mm Hg

DIASTOLIC B .P . in c re a s e s  .OS d e c re a s e s  .0 5
mm Hg

HEART RATE in c re a s e s  .0 1  d e c re a s e s  .0 1
B .P .M .

DUNCAN PROCEDURE! O n ly  s i g n i f i c a n t  v a r ia b le s  r e p o r te d . N -  6 Ss
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s t r e s s o r  p ro duce d  a s i g n i f i c a n t  i n t e r a c t i o n  w i t h  t h e  e f f e c t  

of  dynamic  e x e r c i s e .

In  o r d e r  t o  answer t h i s  q u e s t i o n ,  a s e r i e s  o f  

m a n i p u l a t i o n s  were  p e r f o r m e d  on t h e  d a t a  b e f o r e  t h e y  were  

e n t e r e d  i n t o  t h e  a n a l y s i s  o f  v a r i a n c e .  F i r s t ,  t h e  i n i t i a l  

b a s e l i n e  v a l u e  f o r  each v a r i a b l e  were  s u b t r a c t e d  f r o m  t h e i r  

c o r r e s p o n d i n g  v a r i a b l e s  i n  t h e  q u i z ,  c o l d  p r e s s o r  and 

e x e r c i s e  a l o n e  c o n d i t i o n s .  T h i s  y i e l d e d  t h e  e f f e c t  due t o  

q u i z ,  c o l d  p r e s s o r  and e x e r c i s e  s t r e s s o r s  i n d i v i d u a l l y .  A 

p r e d i c t i o n  o f  t h e  p h y s i o l o g i c a l  r e s p o n s e s  t o  t h e  q u i z  and 

c o l d  p r e s s o r  s t r e s s o r s  d u r i n g  e x e r c i s e  can be made by a d d in g  

t h e  q u iz  o r  c o l d  p r e s s o r  e f f e c t s  t o  t h e  e x e r c i s e  e f f e c t ,  

r e s p e c t i  v e l y .

To s u m m ar ize ,  t h e  f o l l o w i n g  m a n i p u l a t i o n s  were  made:

Quiz  -  B a s e l i n e  

Cold  P r e s s o r  -  B a s e l i n e  

E x e r c i s e  -  B a s e l i n e  

Ex. E f f e c t  + Qz.  E f f e c t

Ex.  E f f e c t  + C . P .  E f f e c t

E x e r c i s e  ( q u i z )  -  B a s e l i n e

E x e r c i s e  ( C . P . )  -  B a s e l i n e

-  Q u iz  E f f e c t  

= C o ld  P r e s s o r  E f f e c t  

= E x e r c i s e  E f f e c t  

= P r e d i c t e d  Quiz  E f f e c t  w i t h  

E x e r c i s e .

= P r e d i c t e d  C .P .  E f f e c t  w i t h  

E x e r c i s e .

= O bserved Quiz  E f f e c t  w i t h  

E x e r c i s e  

= Observed  C .P .  E f f e c t  w i t h  

E x e r c i s e
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The p r e d i c t e d  and o b s e r v e d  v a l u e s  w e re  compared u s i n g  a 

s i n g l e  ■factor  r e p e a t e d  measure  a n a l y s i s  o f  v a r i a n c e .  The  

r e s u l t s  showed a s i g n i f i c a n t  p o s i t i v e  i n t e r a c t i o n  i n  t h e  

o b s e rv e d  e x e r c i s e  f o r  t h e  q u i z  c o n d i t i o n  i n  s y s t o l i c  and 

d i a s t o l i c  b lo o d  p r e s s u r e s  ( p < . 0 5 ) .  The i n t e r a c t i o n ,  which  

was u n iq u e  o n l y  f o r  t h e  c o g n i t i v e  s t r e s s o r , produced  r e s u l t s  

t h a t  were  o v e r  and above  l i n e a r  summation o f  t h e  two  

s t r e s s o r s .  T h i s  i n t e r a c t i o n  may be r e f l e c t i v e  o f  

h y p e r - c o m p e n s a t o r y  i n c r e a s e s  i n  f i g h t  o r  f l i g h t  m e d ia te d  by 

au to n o m ic  n e r v o u s  system  a c t i v i t y .  In  a d d i t i o n ,  i t  l e n d s  

even s t r o n g e r  s u p p o r t  o f  a d i s t i n c t  p s y c h o l o g i c a l  s t r e s s o r  

e f f e c t  d u r i n g  t h e  e x e r c i s e  c o n d i t i o n  t h a t  i s  above and 

beyond l i n e a r l y  summated e f f e c t s  o f  t h e  i n d i v i d u a l  

s t r e s s o r .  T h i s  s y n e r g is m  may o f f e r  new i n s i g h t s  i n t o  why 

e x e r c i s e  a p p e a r s  t o  be h a r m f u l  f o r  some p e o p l e .
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CHAPTER IV  

PISCySSIQNS_AND_CONCLySigN§

The i n v e s t i g a t i o n  o f  t h e  Type  A b e h a v i o r a l  c o n s t r u c t  as  

i t  r e l a t e s  t o  p s y c h o p h y s i o l o g i c a l  e v e n t s  has  been r e c e i v i n g  

i n c r e a s i n g  amounts o f  a t t e n t i o n  o v e r  t h e  p a s t  d e c a d e .  Type  

A i n d i v i d u a l s  c h a r a c t e r i z e d  by a p a t t e r n  o f  i n t e n s e  

h a r d - d r i v i n g  c o m p e t i t i v e n e s s ,  a c h r o n i c  sense  o f  t i m e  

u r g e n c y  and a g g r e s s i v e n e s s  and h o s t i l i t y ,  have  been shown by  

s e v e r a l  p r o s p e c t i v e  s t u d i e s  t o  have  enhanced r i s k  o f  

d e v e l o p i n g  c o r o n a r y  h e a r t  d i s e a s e  i n  b o th  m a le s  and 

f e m a l e s .  The p h y s i o l o g i c a l  c o r r e l a t e s  a s s o c i a t e d  w i t h  

r e s p o n s e s  t o  s t r e s s  and t h i s  b e h a v i o r  p a t t e r n  a r e  a t  b e s t  

e l u s i v e .  P u b l i s h e d  r e s e a r c h  does n o t  r e v e a l  c o n s i s t e n t  

e v i d e n c e  t h a t  Type  A p e r s o n s ,  when compared t o  Type  B 

p e r s o n s ,  have  h i g h e r  h e a r t  r a t e s  o r  d i a s t o l i c  b lo o d  

p r e s s u r e s  w h i l e  w o r k in g  on t a s k s  (Holmes 1 9 8 3 ) .  A l s o ,  

i n c r e a s e s  i n  s y s t o l i c  b lo o d  p r e s s u r e  h a ve  o n l y  been  

m o d e r a t e l y  l i n k e d  w i t h  d i f f e r e n c e s  be tw een  Type A ' s  and B ' s ,  

a v e r a g i n g  a b o u t  6 mmHg. These  i n c o n s i s t e n c i e s  i n  f i n d i n g s  

and s m a l l  m a g n i tu d e  d i f f e r e n c e s  have  been d i f f i c u l t  t o  

e x p l a i n  and have  l e f t  many r e s e a r c h e r s  s k e p t i c a l  o f  t h e  l i n k  

be tw ee n  Type A b e h a v i o r  and p s y c h o p h y s i o l o g i c a l  a r o u s a l .

S e v e r a l  i n v e s t i g a t o r s  (H o u s t o n ,  1983; B l a s s ,  1977;
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Manuck e t  a l . ,  1978) have  s u g g e s te d  t h a t  t h e  weak 

p s y c h o p h y s i o l o g i c a l  c o r r e l a t e s  may be due t o  t a s k  d i f - f i c u l t y  

( l e v e l  o f  c h a l l a n g e ) .  For  e x a m p le ,  Houston s u g g e s te d  t h a t  

u n d i f f e r e n t i a t e d  r e s p o n s e s  be tw een  Type  A and B p e r s o n s  may 

be due t o  a t a s k  b e i n g  e i t h e r  t o o  e a s y  o r  t o o  h a r d .  S i n c e  

an e as y  t a s k  would  n o t  o f f e r  a Type  A s u f f i c i e n t  c h a l l a n g e  

and an e x t r e m e l y  d i f f i c u l t  t a s k  would l e a d  t o  g i v i n g  up,  

a r o u s a l  mechanisms would  n o t  be a c t i v a t e d .  O t h e r s  have  

t r i e d  t o  e x p l a i n  t h e  p o s s i b l e  i n c o n s i s t e n c i e s  by p o i n t i n g  

out. th a t ,  s u b j e c t s  w ere  t e s t e d  i n  d i f f e r e n t  e n v i r o n m e n t s  

a lo n g  w i t h  t e c h n i c a l  p ro b le m s  i n  r e c o r d i n g  and u n r e l i a b l e  

s c o r i n g .

R e s p o n se _ to _ V a r  i  ous_Ki_nds_of _ S t r e s s

The p r e s e n t  work d e m o n s t r a t e s  a new r e s e a r c h  p a r a d ig m  

f o r  t h e  n o n - i n v a s i v e  s t u d y  o f  c a r d i o v a s c u l a r  re s p o n s e s  t o  

c o g n i t i v e ,  p h y s i c a l  and dynamic  e x e r c i s e  s t r e s s o r s  as  i t  i s  

r e l a t e d  t o  c o r o n a r y  p r o n e  b e h a v i o r  p a t t e r n s .  To d a t e ,  no 

s t u d i e s  have  been p u b l i s h e d  where  t h e  e x a m i n a t i o n  o f  

a d d i t i o n a l  hemodynamic measures  ( i . e . ,  s t r o k e  v o lu m e ,  

c a r d i a c  o u t p u t ,  m y o c a r d i a l  c o n t r a c t i l i t y  and t o t a l  

p e r i p h e r a l  r e s i s t a n c e )  have  been r e l a t e d  t o  Type  A 

b e h a v i o r .  The t r a d i t i o n a l  measures  o f  p s y c h o p h y s i o l o g i c a l  

a r o u s a l  ( h e a r t  r a t e ,  s y s t o l i c  and d i a s t o l i c  b lo o d  p r e s s u r e )  

a p p e a r  t o  be a b l e  t o  r e l i a b l y  d i s c r i m i n a t e  o n l y  between
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s t r e s s  and n o n - s t r e s s  c o n d i t i o n s ,  r e g a r d l e s s  o f  p e r s o n a l i t y  

p a t t e r n s .

The a d d i t i o n  o f  impedance c a r d i o g r a p h y  d e r i v e d  m easures  

used i n  t h e s e  s t u d i e s  was e s s e n t i a l  i n  d i s c r i m i n a t i n g  o u t  

s p e c i f i c  p s y c h o p h y s i o l o g i c a l  i n d i c i e s  t h a t  c o n t r i b u t e d  t o  

p r e d i c t i n g  c o r o n a r y  p ro n e  b e h a v i o r  p a t t e r n s .  U s ing  a 

s t e p w i s e  m u l t i p l e  l i n e a r  r e g r e s s i o n ,  r e s u l t s  c o r r o b o r a t e  and 

b u i l d  upon t h e  n o t i o n  t h a t  c a r d i o d y n a m ic  r e s p o n s e  p a t t e r n s  

e l i c i t e d  by a p s y c h o l o g i c a l  s t r e s s o r  a r e  p r e d i c t i v e  o f  Type  

A b e h a v i o r  as  measured by t h e  J e n k i n s  A c t i v i t y  S u r v e y .  T h i s  

i s  i n  s u p p o r t  o f  t h e  i n i t i a l  h y p o t h e s i s  w h ich  s t a t e d  t h a t  an 

i n t e r a c t i o n  would  be q u i t e  s p e c i f i c  f o r  a p s y c h o l o g i c a l  

s t r e s s o r  as  opposed t o  t h e  p h y s i c a l  s t r e s s o r  ( c o l d  p r e s s o r ) .  

The q u iz  a p p a r e n t l y  r e p r e s e n t e d  a more r e a l i s t i c  and 

p r o g r e s s i v e l y  more d i f f i c u l t  g o a l  t o  compete  w i t h  and 

ov erc om e ,  t h e r f o r e ,  c a r d i o v a s c u l a r  m o b i l i z a t i o n  re spond ed  

a c c o r d i  n g l y .

Ps^chogh^/si o l o g i  ca3L_I^nconsi s t e n c i e s

R e s u l t s  f ro m  t h e  m u l t i p l e  l i n e a r  r e g r e s s i o n  a n a l y s i s  

p o i n t  t o  a d d i t i o n a l  r e a s o n s  t h a t  may f a c i l i t a t e  ou r  

u n d e r s t a n d i n g  o f  t h e  i n c o n s i s t e n t  f i n d i n g s  c h a r a c t e r i z i n g  

t h e  p s y c h o p h y s i o l o g i c a l  a r o u s a l  l i t e r a t u r e  r e l a t e d  t o  Type A 

b e h a v i o r  i n d i c i e s .  T h a t  i s ,  a change i n  s t r o k e  v o lu m e ,  as  

e v i d e n c e d  d u r i n g  t h e  p s y c h o l o g i c a l  s t r e s s  ( q u i z )  c o n d i t i o n ,  

can r e s u l t  i n  c o m p e n s a to ry  r e a c t i o n s  m e d ia t e d  by e i t h e r



i n c r e a s e s  o r  d e c r e a s e s  i n  h e a r t  r a t e ,  a n d / o r  a r t e r i a l  b lo o d  

p r e s s u r e .  T h u s ,  u n r e l i a b l e  changes  i n  t h e  t r a d i t i o n a l  

v a r i a b l e s  t h a t  have  been used i n  p r e v i o u s  s t u d i e s  may be  

r e f l e c t i v e  o f  more s t a b l e  changes  i n  t h e  u n d e r l y i n g  

c a r d i o d y n a m i c s , such as  t h o s e  v a r i a b l e s  r e v e a l e d  by  

impedance  c a r d i o g r a p h y . T h u s ,  s t r o k e  vo lume and t o t a l  

p e r i p h e r a l  r e s i s t a n c e  s u b s t a n t i a l l y  c o n t r i b u t e d  t o  t h e  

r e g r e s s i o n  e q u a t i o n .  T h i s  i s  s t r o n g  e v i d e n c e  f o r  t h e  

i n c l u s i o n  o f  m easures  d e r i v e d  by impedance  c a r d i o g r a p h y  i n  

s t u d i e s  a s s e s s i n g  p s y c h o p h y s i o l o g i c a l  a r o u s a l .

A n o t h e r  i m p o r t a n t  c o n c l u s i o n  a d d r e s s e d  i n  e x p e r i m e n t  1 

was t h e  im p o r t a n c e  o f  b e i n g  a b l e  t o  show r e l a t i o n s h i p s  w i t h  

a p e r s o n a l i t y  p a t t e r n  by m o n i t o r i n g  c a r d i o d y n a m ic  changes  

t h a t  o c c u r  p r e d o m i n a n t l y  i n  r e s p o n s e  t o  a p s y c h o l o g i c a l  

s t r e s s o r .  T h i s  p s y c h o p h y s i o l o g i c a l  a p p ro a c h  s u g g e s t s  t h a t  

i t  may be p o s s i b l e  t o  enhance  t h e  r e l i a b i l i t y  o f  a p a p e r  and 

p e n c i l  p e r s o n a l i t y  t e s t s  ( e . g .  J e n k i n s  A c i t i v i t y  S u r v e y ) ,  

w hich  c h a r a c t e r i s t i c a l 1y have  i n h e r e n t  l i m i t a t i o n s ,  such as  

r e l i a n c e  on s e l f  a p p r a i s a l ,  by i n c l u d i n g  r e l e v a n t  

p h y s i o l o g i c a l  v a r i a b l e s .  Some i n d i v i d u a l s  m a n i f e s t i n g  Type  

A c h a r a c t e r i s t i c s  a r e  unaware  o f  th em ,  t h e r e f o r e ,  

r e l i a b i l t i y  and v a l i d i t y  can be b i a s e d .  H a v in g  t h e  a b i l i t y  

t o  c o n f i r m  t h e  p a t t e r n  o f  p s y c h o p h y s i o l o g i c a l  re s p o n s e s  t h a t  

r e l i a b l y  c o r r e l a t e s  w i t h  a p a p e r  and p e n c i l  p e r s o n a l i t y  

measurement may o f f e r  an a d d i t i o n a l  t o o l  t h a t  w i l l  a s s i s t  i n
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v e r f y i n g  p a t i e n t  r e p o r t s .  T h i s  t o o l  c o u ld  a l s o  be v a l u a b l e  

i n  a c c u r a t e l y  a s s e s s i n g  b e h a v i o r a l  r e m e d i a t i o n  s t r a d e g i e s .  

F o r  e x a m p le ,  i f  t h e r a p u t i c  e f f o r t s  w ere  aimed a t  d e c r e a s i n g  

o r  a l t e r i n g  p h y s i o l o g i c a l  r e s p o n s e s  t o  s i t u a t i o n s  t h a t  

e l i c i t  i n a p p r o p r i a t e  a c t i v a t i o n  o f  t h e  f i g h t  o r  f l i g h t  

r e s p o n s e ,  one c o u ld  e m p i r i c a l l y  v e r i f y  i n t e r v e n t i o n  e f f i c a c y  

by e x a m in in g  p s y c h o p h y s i o l o g i c a l  r e t e s t  d a t a .

I t  s h o u ld  n o t  be o v e r l o o k e d  t h a t  gende r  p l a y e d  a m a jo r  

r o l e  i n  t h e  r e g r e s s i o n  e q u a t i o n  o b t a i n e d  f o r  Type A s c o r e s ,  

a c c o u n t i n g  f o r  327. o f  t h e  v a r i a n c e .  T h i s  f i n d i n g  s u p p o r t s  a 

g ro w in g  f i e l d  o f  l i t e r a t u r e  s u g g e s t i n g  p s y c h o p h y s i o l o g i c a l  

re s p o n s e  d i f f e r e n c e s  be tw een  male  and f e m a l e  Type A 

p o p u l a t i o n s  (Lane  e t  a l . , 19B4) . K r a n t z  (19(31) t e s t e d  

f e m a l e  Type A and B s u b j e c t s  under  a v a r i e t y  o f  c o n d i t i o n s .  

U n l i k e  m a le s  s t u d i e d ,  f e m a l e  A ' s  and B ' s  d i d  n o t  d i f f e r  in  

t h e i r  h e a r t  r a t e ,  s y s t o l i c  o r  d i a s t o l i c  p r e s s u r e  re s p o n s e s  

t o  e i t h e r  a c o l d  p r e s s o r  t e s t  o r  a r e a c t i o n  t i m e  t a s k .  

Lundberg  and Forsman ( 1 9 7 9 ,  1980) fo u n d  t h a t  f e m a l e  Type  A 

s u b j e c t s  s e c r e t e d  l e s s  e p i n e p h r i n e  and r e p o r t e d  e x e r t i n g  

l e s s  e f f o r t  d u r i n g  a t a s k  t h a n  d i d  Type A m a le s .  They a l s o  

r e p o r t e d  t h a t  b o th  m a le  and f e m a l e  Type A ' s  showed a g r e a t e r  

t a s k - r e l a t e d  d i f f e r e n t i a t i o n  o f  c o r t i s o l  s e c r e t i o n  

( i n c r e a s e s  d u r i n g  v i g i l a n c e  and d e c r e a s e s  d u r i n g  c o g n i t i v e  

w ork)  t h a n  Type  B ' s .  The r e s u l t s  f r o m  t h e s e  s t u d i e s  and 

o t h e r s  s u g g e s t  t h a t  d i f f e r e n c e s  may e x i s t  be tween  Type A
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males  and Type Pi f e m a l e s  i n  r e s p o n s e  t o  c h a l l e n g i n g  

s i t u a t i o n s .  F r a n k e n h a e u s e r  (1 9 8 0 )  s u g g e s te d  t h a t  d u r i n g  

s t r e s s ,  m a les  c h a r a c t e r i s t i c a l l y  s e c r e t e  more e p i n e p h r i n e  

t h a n  do f e m a l e s .  S i n c e  t h e  i n c r e a s e d  s k e l e t a l - m u s c l e  

v a s o d i l a t i o n  o b s e rv e d  i n  m a le s  i s  most l i k e l y  m e d ia t e d  by  

i n c r e a s e d  p lasm a  e p i n e p h r i n e ,  ge nder  d i f f e r e n c e s  i n  

e p i n e p h r i n e  r e l e a s e  c o u ld  a c c o u n t  f o r  t h e  d i f f e r e n c e s  i n  

r e s p o n s e  seen i n  m a le s  and f e m a l e s .

0yt9D°!!!iE_92Dt!l°I

S t r e s s  r e s p o n s e s  as c o n t r o l l e d  by t h e  a u to n o m ic  n e r v o u s  

system  a r e  a p r o d u c t  o f  n e u r a l  a c t i v i t y  f ro m  d i v e r s e  

c o r t i c a l  and s u b c o r t i c a l  n u c l e i .  These  n u c l e i  c au s e  t h e  

r e l e a s e  of  e p i n e p h r i n e  ( a d r e n a l i n )  and n o r e p i n e p h r i n e  

( n o r a d r e n a l i n )  f ro m  t h e  p o s t g a n g l i o n i c  s y m p a t h e t i c  f i b e r s .  

They i n  t u r n  r e a c t  w i t h  s e v e r a l  t y p e s  o f  r e c e p t o r  s i t e s  

which a r e  d i f f e r e n t i a l l y  d i s t r i b u t e d  t h r o u g h o u t  t h e  

c a r d i o v a s c u l a r  and c e r e b r o v a s c u l a r  s y s te m s ,  r e s u l t i n g  i n  

complex c e n t r a l  n e r v o u s  sys tem  m o d u l a t i o n  o f  p a t t e r n e d  

r e s p o n s e s  t o  s t r e s s f u l  s t i m u l i .

R e s e a r c h e r s  i d e n t i f y i n g  d i f f e r e n c e s  i n  p lasma  

c a t e c h o l a m i n e s  as  t h e  p o s s i b l e  r e a s o n s  c o n t r i b u t i n g  t o  

ge nder  d i f f e r e n c e s  ha ve  n o t  a d d re s s e d  o t h e r  n e u r o c h e m ic a l  

h y p o t h e s e s .  F r e q u e n t l y ,  i t  i s  assumed t h a t  t h e  amount o f  

plasm a c a t a c h o l a m i n e s  i s  r e f l e c t i v e  o f  s y m p a t h e t i c  

a c t i v i t y .  T h i s  i s  n o t  n e c e s s a r i l y  t h e  c a s e ,  f o r  two
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r e a s o n s .  I n c r e a s e d  s y m p a t h e t i c  a c t i v i t y  w i l l  be e l i c i t e d  i n  

r e s p o n s e  t o  i n c r e a s e d  r e l e a s e  o f  e p i n e p h r i n e  and 

n o r e p i n e p h r i n e  a t  t h e  s y n a p t i c  l e v e l .  H ow e ver ,  a t  t h e  same 

t i m e ,  p lasm a l e v e l s  c o u l d  be low due t o  an i n c r e a s e  i n  t u r n  

o v e r .  T h i s  phenomenon i s  e v i d e n c e d  i n  a n im a l  s t u d i e s  

( I v e r s o n  and I v e r s o n  19(31) and may i n  f a c t  be more r e l i a b l e  

i n  a c c o u n t i n g  f o r  c hang es  i n  s y m p a t h e t i c  a c t i v i t y  (as  

opposed t o  p lasm a c o n c e n t r a t i o n s ) .  And s e c o n d l y ,  t h e  

a p p a r e n t  d i f f e r e n t i a l  s y m p a t h e t i c  r e s p o n d in g  between  g e n d e rs  

may be a s s o c i a t e d  w i t h  t h e  a v a i l a b l i t i y  and r e c e p t a b i 1 i t y  o f  

c a t a c h o l i n e r g i c  r e c e p t o r  s i t e s .

I t  i s  a p p a r e n t  t h a t  more r e s e a r c h  i s  needed t o  c l a r i f y  

t h e  p o s s i b l e  r o l e  o f  t h e  au to n o m ic  n e r v o u s  sys tem  i n  

c o n t r i b u t i n g  t o  t h e  g e n d e r  d i f f e r e n c e s  n o t e d  w i t h i n  Type  A 

p o p u l a t i o n s .  The r e s u l t s  i n  t h i s  s t u d y  s u p p o r t  t h a t  t h e r e  

i s  in d e e d  a g en d er  e f f e c t ,  f o r  i t  s u r f a c e d  as a s t r o n g  

p r e d i c t i v e  f a c t o r  i n  Type A b e h a v i o r  s c o r e s  and a s s o c i a t e d  

speed and i m p a t i e n c e  s c o r e s .  I t  i s  i n t e r e s t i n g  t o  s p e c u l a t e  

t h a t  s i g n i f i c a n t  c o r r e l a t i o n s  be tw een  g en d er  and J . A . S .  

v a r i a b l e s  may i n  f a c t  have  an e v o l u t i o n a r y  b a s i s .  T h a t  i s  

t o  say  t h a t  p r i m i t i v e  man and o t h e r  p r i m a t e s  assumed t a s k s  

t h a t  were  g en d er  s p e c i f i c .  An e xa m p le  b e in g  hunter— g a t h e r e r  

b e h a v i o r  where  t h e  m a le s  r e q u i r e d  a h ig h  d e g r e e  o f  v i g i l a n c e  

and s h o r t  b u r s t  o f  h i g h  amounts o f  a c t i v i t y  (a u to n o m ic  

a r o u s a l )  t o  s u c c e s s f u l l y  h u n t  a n i m a l s .  F em ale s  on t h e  o t h e r  

hand c o n c e n t r a t e d  t h e i r  e f f o r t s  on g a t h e r i n g  f r u i t s  and
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r o o t s ,  e t c .  which  r e q u i r e d  lo n g  and e n d u r i n g  e x p e n d i t u r e s  o f  

e n e r g y  a t  a re d u c e d  l e v e l s  o-f s t r e n g h t .  Thus s u p p o r t  f o r  

f u t u r e  s t u d i e s  u s in g  impedance c a r d i o g r a p h y  m e as u re s ,  may 

f a c i l i t a t e  c l a r i f i c a t i o n  o f  ge nder  e f f e c t s  by  

d i f f e r e n t i a t i n g  c a r d i o v a s c u l a r  p s y c h o p h y s i o l o g i c a l  re s p o n s e s  

betw een males  and f e m a l e s .  T h i s  i n  t u r n  may y i e l d  

s i g n i f i c a n t  im p ro ve m en ts  i n  t h e  p r e d i c t i o n ,  p r e v e n t i o n  and 

t r e a t m e n t  o f  c o r o n a r y  d i s e a s e .

Pr a £ t  i_£al _Aggl_i_£at i^ons

I n t r o d u c i n g  p s y c h o l o g i c a l  and c o l d  p r e s s o r  s t r e s s o r s  

d u r i n g  dynamic  e x e r c i s e  w h i l e  u s in g  impedance  c a r d i o g r a p h y  

t o  o b t a i n  n o n - i n v a s i v e  measurements  o f  c a r d i o v a s c u l a r  

f u n c t i o n  i s  a u n iq u e  a s p e c t  o f  t h i s  s t u d y .  E x e r c i s e - i n d u c e d  

s t r e s s ,  when compared t o  a r e s t i n g  b a s e l i n e ,  r e p l i c a t e d  

f i n d i n g s  o b t a i n e d  by i n v a s i v e  c a r d i a c  c a t h e r i z a t i o n  

p r o c e d u r e s  d u r i n g  su b -m a x im a l  s t r e s s  t e s t i n g .  T h i s  p a t t e r n  

c o n s i s t e d  o f  s i g n i f i c a n t  i n c r e a s e s  i n  h e a r t  r a t e ,  s t r o k e  

v o lu m e ,  c a r d i a c  o u t p u t ,  m y o c a r d i a l  c o n t r a c t i l i t y  and 

s y s t o l i c  b lo o d  p r e s s u r e .  T o t a l  s y s t e m i c  r e s i s t a n c e  

s i g n i f i c a n t l y  d e c r e a s e d  p r o b a b l y  i n  r e s p o n s e  t o  a d a p t i v e  

mechanisms known t o  a c t i v a t e  d i a l a t i o n  o f  s k e l e t a l - m u s c l e  

a r t e r i a l  s u p p l i e s  and a s s o c i a t e d  v a s o c o n s t r i c t i o n  o f  

p e r i p h e r a l  v a s c u l a r  beds  f o r  m a i n t a i n a n c e  o f  t h e  i n t e r n a l  

m i l i e u  d u r i n g  e x e r c i s e .  The d e c r e a s e  i n  d i a s t o l i c  b lo o d
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p r e s s u r e  i s  n o t  un u su a l  and f r e q u e n t l y  accom panies  

sub-m ax im a l  t e s t i n g .

Exerci_se_F' l_us_Psychol ogi^cal _ S t r e s s

The a d d i t i o n  o f  e i t h e r  a p s y c h o l o g i c a l  o r  c o l d  p r e s s o r  

s t r e s s o r  t o  t h e  e x e r c i s e  c o n d i t i o n  c l e a r l y  caused  

s i g n i f i c a n t  changes  when compared t o  e x e r c i s e  a l o n e .  These  

r e s u l t s  a p p e a r  t o  r e p r e s e n t  an a d d i t i o n a l  au to n o m ic  a r o u s a l  

and i n c l u d e d  i n c r e a s e s  i n  s t r o k e  v o lu m e ,  s y s t o l i c  and 

d i a s t o l i c  b lo o d  p r e s s u r e .  I n  f a c t ,  s i g n i f i c a n t  i n t e r a c t i v e  

p o t e n t i a t i o n  ( i n c r e a s e s )  o f  s y s t o l i c  and d i a s t o l i c  b lo o d  

p r e s s u r e s  d u r i n g  t h e  e x e r c i s e  p l u s  q u iz  c o n d i t i o n  was 

e v i d e n c e d .  T h i s  p o t e n t i a t i o n ,  which  was n o t  p r e s e n t  f o r  t h e  

e x e r c i s e  p l u s  c o l d  p r e s s o r  c o n d i t i o n ,  i s  an i m p o r t a n t  

r e s u l t .  The f a c t  t h a t  a c o g n i t i v e  s t r e s s o r  i n  c o m b i n a t io n  

w i t h  dynamic  e x e r c i s e  i n c r e a s e s  a p p a r e n t  s y m p a t h e t i c  e f f e c t s  

s i g n i f i c a n t l y  above and beyond t h o s e  e f f e c t s  t h a t  can be 

a c c o u n te d  f o r  by e i t h e r  s t r e s s o r  a l o n e  i s  a new f i n d i n g .

T h i s  i n t e r a c t i o n  may be i n d i c a t i v e  o f  hyper— c o m p e n s a to ry  

i n c r e a s e s  i n  e i t h e r  c a t c h o l a m i n e  r e l e a s e  o r  r e c e p t o r  

a v a i l a b i l i t y  (o r  b o t h ) .

T o d a y ,  many i n d i v i d u a l s  p a r t i c i p a t e  i n  e x e r c i s e  

p rogram s  d e s ig n e d  t o  enhance  t h e  i n t e g r i t y  o f  t h e i r  

c a r d i o v a s c u l a r  s y s te m s .  O f t e n ,  t h e s e  i n d i v i d u a l s  a r e  

r u m i n a t i n g  o v e r  s t r e s s f u l  p ro b le m s  o r  a r e  co m p et in g  w i t h  t h e  

c l o c k  o r  o t h e r  i n d i v i d u a l s .  I t  i s  c o n c e i v a b l e ,  i n  l i g h t  o f
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t h e s e  c u r r e n t  r e s u l t s ,  t h a t  t h o s e  i n d i v i d u a l s  may be a t  r i s k  

f o r  d e v e l o p i n g  s t r e s s - r e l a t e d  c a r d i o v a s c u l a r  p r o b le m s .  T h i s  

m ig h t  be due t o  s y m p a t h e t i c  p o t e n t i a t i o n  i n d u c i n g  

i n a p p r o p r i a t e  m o d u l a t i o n  o f  such p a r a m e t e r s  as  s y s t o l i c  and 

d i a s t o l i c  b lo o d  p r e s s u r e s .  T h u s ,  c o m p r e h e n s iv e  e x e r c i s e  

program s t h a t  p ro m o te  f i t n e s s  may w e l l  h ave  t o  a d d r e s s  such 

i s s u e s  as a t t i t u d e  and c o g n i t i v e  s t y l e  employed by 

p a r t i c i p a n t s  i n  o r d e r  t o  r e a p  t h e  maximum p o s i t i v e  e f f e c t s .

S e l f - r e l a x a t i o n , which  i n v o l v e s  a s k i n g  t h e  s u b j e c t  t o  

s im p l y  r e l a x  u s in g  w h a t e v e r  means p o s s i b l e ,  i s  assumed by  

many r e s e a r c h e r s  t o  be r e f l e c t i v e  o f  a d e c r e a s e  i n  

s y m p a t h e t i c  t o n e  a lo n g  w i t h  a s s o c i a t e d  i n c r e a s e s  i n  

p a r a s y m p a t h e t i c  a c t i v i t y .  D a t a  c o l l e c t e d  i n  t h i s  s t u d y  

showed s i g n i f i c a n t  i n c r e a s e s  i n  s y s t o l i c  and d i a s t o l i c  b lo o d  

p r e s s u r e  f r o m  a r e s t i n g  b a s e l i n e  t o  t h e  s e l f - r e l a x e d  

c o n d i t i o n .  These i n c r e a s e s ,  which  were  s i m i l a r  t o  t h o s e  

o b s e rv e d  d u r i n g  t h e  p s y c h o l o g i c a l  s t r e s s o r , r e p l i c a t e  t h e  

phenomenon t h a t  s e l f - r e l a x a t i o n  i n s t r u c t i o n s  a r e  a f o r m  of  

c o g n i t i v e  s t r e s s  p r o b a b l y  b r o u g h t  a b o u t  by t h e  demand 

c h a r a c t e r i s t i c s  o f  b e i n g  asked  t o  r e l a x  when one has no 

f o r m a l  r e l a x a t i o n  t r a i n i n g .  Thus ,  r e s e a r c h e r s  s h o u ld  t r e a t  

t h e  i n i t i a l  ( p r e - t r a i n i n g  o r  i n t e r v e n t i o n )  s e l f - r e l a x a t i o n  

i n s t r u c t i o n s  as  a s t r e s s o r .  T h i s  can have  a p p l i c a t i o n s  i n  

b e h a v i o r a l  m e d ic i n e  r e m e d i a t i o n  p r o g r a m s ,  f o r  i f  a p a t i e n t
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were  asked t o  s e l f - r e l a x  ( w i t h o u t  a i d )  a t  t h e  b e g i n n i n g  of  

each b io - fee dba ck  s e s s i o n ,  one would  h ave  a p o t e n t i a l  way o-f 

m o n i t o r i n g  l e a r n i n g  and s e l - f - r e g u l a t o r y  a b i l i t i e s  o v e r  t i m e .

In  c o n c l u s i o n ,  t h i s  r e s e a r c h  d e m o n s t r a t e d  t h a t  i-f we 

a p p l y  more s o p h i s t i c a t e d  m easures  t o  c a r d i o v a s c u l a r  

• f u n c t i o n ,  as  o b t a i n e d  by impedance c a r d i o g r a p h y , we can  

c l a r i f y  more p r e c i s e l y  d i s t i n c t i v e  p s y c h o p h y s i o l o g i c a l  

p a t t e r n s  o f  a r o u s a l  t h a t  r e l a t e  t o  Type A b e h a v i o r .  The use  

o f  such m e as u re s ,  w h ich  a l s o  a i d  i n  i d e n t i f y i n g  t h e  r o l e  

t h a t  p s y c h o l o g i c a l  s t r e s s  p l a y s  d u r i n g  e x e r c i s e ,  can enhance  

our  u n d e r s t a n d i n g  o f  human r e s p o n s e  t o  s t r e s s  and how t h i s  

r e l a t e s  t o  t h e  complex  c o n d i t i o n  known as  c o r o n a r y  h e a r t  

d i  s e a s e .
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Appendix  1 

O r a l ^ Q u i z

! You w i l l  now be g i v e n  an o r a l  t e s t .

You w i l l  be asked a s e r i e s  o f  q u e s t i o n s ,  each r e q u i r i n g  a 

s h o r t  a nsw er .  You must t e l l  y o u r  r e s p o n s e  a l o u d ,  w i t h i n  t h e  

a l l o t t e d  t i m e .  A f t e r  t h e  a l l o t t e d  t i m e ,  t h e  c o r r e c t  answer  

w i l l  be g i v e n ,  and t h e n  a new q u e s t i o n  w i l l  be ask e d .  I f  

you s h o u ld  miss  a q u e s t i o n ,  s im p l y  go on t o  a t t e n d  t o  t h e  

n e x t  q u e s t i o n .  A sam ple  q u e s t i o n  i s :  Q u e s t i o n :  F i v e  p l u s  

f i v e  e q u a l s ?  (pause)  Answer:  Ten.

You a r e  asked t o  make a d e t e r m in e d  e f f o r t  t o  c o m p le te  

t h e  t e s t ,  b u t  i f  you w ish  you may s to p  a t  any  t i m e .  I f  you  

d e v e l o p  any d i s c o m f o r t  o r  c h e s t  p a i n s ,  you must r e p o r t  t h i s  

t o  t h e  d o c t o r  i n  a t t e n d a n c e ,  i m m e d i a t e l y .

The t e s t  i s  d e s ig n e d  t o  e v a l u a t e  y o u r  a b i l i t y  t o  l e a r n

and t o  use i n f o r m a t i o n  w i s e l y  as  compared t o  o t h e r  

i n d i v i d u a l s  your  a g e .  A p e r f e c t  s c o r e  i s  i n d i c a t i v e  o f  

g e n i u s ,  and few a r e  e x p e c t e d  t o  a t t a i n  t h a t  l e v e l .  I f  any

m e n ta l  d i f i c i e n c i e s  a r e  n o te d  you w l 1 be g i v e n  t h e  

o p p o r t u n i t y  f o r  f u r t h e r  e v a l u a t i o n .  Your f i n a l  e v a l u a t i o n  

w i l l  be r e v e a l e d  t o  y o u ,  b u t  o n l y  a f t e r  t h e  c o m p l e t i o n  of  

a l l  t e s t  p r o c e d u r e s .

Do you have  any q u e s t i o n s ?  (p au s e)  We w i l l  now b e g i n .
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Q u e s t io n  number 1: C o m p le te  t h e  • f o l lo w i n g  sequences 2 ,  7 ,

12 ,  17 b l a n k ?  Answer -  22 .

Q u e s t io n  Number 2:  I f  X i s  g r e a t e r  th a n  Y,  and Y i s  g r e a t e r  

t h a n  Z,  th e n  X i s  b l a n k  t h a n  Z? Answer -  G r e a t e r  t h a n .

Q u e s t io n  Number 3s Wheel i t  t o  c a r  as  b l a n k  i s  t o  s l e i g h ?  

Answer -  Runner .

Q u e s t io n  Number 4s Which i s  more ,  t e n ,  o r  tw o t i m e s  4 . 5 ?  

Answer -  Ten.

Q u e s t io n  number 5s Music  and s c u l p t u r e  a r e  b o th  b l a n k ?

Answer -  A r t .

Q u e s t io n  number 6s F i l l  i n  t h e  b l a n k .  F a r  i s  t o  n e a r  as  

t a l l  i s  t o  b l a n k ?  Answer -  s h o r t .

Q u e s t io n  number 7s Which word does n o t  have  t h e  same meaning  

as t h e  o t h e r  wordss e m i n e n t ,  v u l n e r a b l e ,  d i s t i n g u i s h e d ,  

o u t s t a n d i n g ?  Answer -  V u l n e r a b l e .

Q u e s t io n  number Bs R e p e a t  backwardss  1,  5 ,  7 ,  9? Answer -  

9 ,  7 ,  5 ,  1.

Q u e s t io n  number 9s I f  Y i s  g r e a t e r  t h a n  X,  and Z i s  l e s s  

th a n  X, th e n  Z i s  b l a n k  th a n  Y? Answer -  Less  t h a n .

Q u e s t io n  number 10s H 0 i s  t o  w a t e r  as  CO i s  t o  b la n k ?



Answer -  Carbon d i o x i d e .

Q u e s t io n  number 11: Who w r o t e  t h e  n o v e l  0 _ F a b l e ?  Answer -  

W i l l i a m  F a u k n e r .

Q u e s t io n  number 12: K i t e  i s  t o  f l y  as  b o a t  i s  t o  b l a n k ?  

Answer -  S a i l .

Q u e s t io n  number 13: T w o - t h i r d s  o f  seven i s  b la n k ?  Answer -  

Four and t w o - t h i r d s .

Q u e s t io n  number 14:  A man e a r n s  $ 75  d o l l a r s  a week; h i s  w i f e  

e a r n s  $20  d o l l a r s  a week.  How much do t h e y  e a r n  t o g e t h e r ?  

Answer -  $ 9 5 .

Q u e s t io n  number 15: Who w r o t e  PsC3di_se_Lost? Answer -  

John M i l t o n .

Q u e s t io n  number 16: What s t a t e  b o r d e r s  C o l o r a d o  on t h e  

N o r t h - E a s t ?  Answer -  N e b r a s k a .

Q u e s t io n  number 17: Who s a i d ,  "The b a l l o t  i s  s t r o n g e r  th a n  

t h e  b u l l e t ? "  Answer -  Abraham L i n c o l n .

Q u e s t io n  number 18: A p r e r o g r a t i v e  i s  a b l a n k ?  Answer -  A 

p r i  v i 1ege .

Q u e s t io n  number 19: Who w r o t e  Ih e _ I l i .a < d ?  Answer -  Homer.

Q u e s t i o n  number 2 0 :  C o m p le te  t h e  f o l l o w i n g  sequence:  7 ,  9 ,  

13 ,  1 9 ,  b l a n k ?  Answer -  2 7 .
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Q u e s t io n  number 21:  How a r e  t h e  numbers 16 and 121 s i m i l a r ?  

Answer -  16 i f  t h e  s q u a r e  o f  4 and 121 i s  t h e  s q u a r e  o f  11.

Q u e s t io n  number 22:  Which o f  t h e  f o l l o w i n g  words  h ave  t h e

same m eaning:  v a s c i l l a t e ,  c u l t i v a t e ,  h e s i t a t e ,  and 

m a t r i c u l a t e ?  Answer -  V a s c i l l a t e  and h e s i t a t e .

Q u e s t i o n  number 23:  The b i o l o g i c a l  f u n c t i o n  o f  t h e  f r u i t  o f  

a p l a n t  i s  u s u a l l y  b l a n k ?  Answer -  To d i s t r i b u t e  t h e  s e e d s .

Q u e s t i o n  number 24 ;  I f  Bob had o n e - s e v e n t h  o f  M a r y ' s  amount

and Mary  had 3 2 ,  t h e n  how much d i d  Bob have?  Answer -  Four

and four— s e v e n t h s .

Q u e s t i o n  number 25:  T w e n t y - f i v e  c o i n s  c o n s i s t i n g  o f  n i c k e l s  

and d im es e q u a l s  tw o d o l l a r s .  How many o f  each k in d  a r e

t h e r e ?  Answer -  10 n i c k e l s  and 15 d im es .

Q u e s t io n  number 26:  Freedom and j u s t i c e  a r e  b o th  b l a n k ?  

Answer -  r i g h t s .

Q u e s t io n  number 2 7 :  The p r o b a b i l i t y  o f  "A" w i n n in g  a r a c e

i s  o n e - t h i r d ;  and t h e  p r o b a b i l i t y  o f  "B" w i n n in g  i s  

o n e - f o r t h .  What i s  t h e  p r o b a b i l i t y  t h a t  n e i t h e r  w i l l  win?  

Answer -  5 0 ’/..

Q u e s t io n  number 2B: Which tw o words have  s i m i l a r  mean ings:  

g r e e d ,  s t u p i d i t y ,  l a v i s h n e s s ,  and c u p i d i t y ?  Answer -  Greed  

and c u p i d i t y .

Q u e s t io n  number 2 9 :  Home i s  t o  f a m i l y  as  s c h o o l  i s  t o  b l a n k ?
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Answer -  c l a s s .

Q u e s t io n  number 3 0 :  James Ford  Rhodes i s  a famous b l a n k ?  

Answer -  H i s t o r i a n .

Q u e s t io n  number 31 :  I f  John had t h r e e  t i m e s  as many d o l l a r s  

as B i l l ,  b u t  t h e n  g ave  o n e - h a l f  o f  h i s  d o l l a r s  t o  B i l l ,  t h e  

B i l l  would have  how many t i m e s  h i s  o r i g i n a l  amount?

Answer -  one and o n e - h a l f  t i m e s .

Q u e s t io n  number 32:  I n  what f i e l d  d i d  A r t h u r  D. H e rsh e y  win  

t h e  Nobel  p r i z e ?  Answer -  M e d i c i n e .

Q u e s t io n  number 33:  C o m p le te  t h e  f o l l o w i n g  s eq u e n ce :  C,  E,

H,  L ,  b l a n k ?  Answer -  Q.

Q u e s t io n  number 34:  The i n t e n s i t y  o f  t h e  h e a t  o f  an o b j e c t

i s  r e f e r r e d  t o  as  i t s  b l a n k ?  Answer -  T e m p e r a t u r e .

Q u e s t io n  number 35:  I f  Y i s  g r e a t e r  th a n  X d i v i d e d  by 2 ,  and  

2 i s  l e s s  t h a n  X d i v i d e d  by 2 Y ,  t h e n  Z must be B la n k ?

Answer -  Less  t h a n  1.
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